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Since time in memoriam, horses have been renowned for their
athletic prowess and work capacity, and documenting and
understanding the physiologic basis for these abilities has
occupied many industrial-age equine scientists for more than a
century. An integrative approach is essential to the elucidation
of the mechanisms by which horses work, compete, or perform
the various recreational activities that contemporary society
asks of them. The performance or ‘output’ of an equine athlete
is determined by many complicated interdependent biological
processes. Understanding how these processes function and
relate to each other is mandatory if the horse is to be effectively
trained and managed during its working or competitive life.
Such understanding is also pivotal to the clinical application of
basic physiologic and pathologic principles, and is therefore
necessary to ensure the successful diagnosis and management
of exercise-related diseases in horses. 

Modern day equine exercise science is generally regarded to
have been born in 1967 with the publication of Sune Persson’s
doctoral thesis.1 This was the first work that documented data
generated from horses exercising on a high-speed treadmill. The
subsequent widespread availability of such treadmills has had a
great deal to do with defining the current state of knowledge
with respect to basic and applied equine exercise physiology. The
inception of the quadrennial International Conference on
Equine Exercise Physiology (ICEEP) in 1982 has also provided a
regular forum at which investigators can describe new fun-
damental and clinical findings pertaining to exercise in horses of
all ages. Despite the great strides in equine exercise science that
have been made in the last 35 years, it is important to recognize
the contributions of the pioneers who helped develop many of
the techniques upon which current scientific methodologies are
based. These people also made fundamental observations that
are still pivotal to much of the work that is being conducted
today. Nathan Zuntz was a Berliner professor of animal science
who, with a number of colleagues, notably Drs. Curt Lehmann
and Oscar Hagemann, investigated the metabolism of horses
during rest and work. These studies are truly extraordinary by
today’s standards. Zuntz and Lehmann built the first Laufband,
or treadmill, and used a facemask and tracheotomies to meas-
ure oxygen consumption and carbon dioxide production in two
horses at speeds up to 3.5 m/s.2 Zuntz and Hagemann further
refined these results by measuring oxygen consumption, carbon
dioxide production, arteriovenous oxygen content difference,
aortic blood pressure, tidal volume, heart rate and respiratory
frequency in horses that were walking, trotting and walking
backwards freely, and while pulling loads of 66–78 kg uphill,
downhill and on the horizontal!3 These data were impressively
similar to those that are determined under similar exercise
conditions today. 

The ability of the horse to increase its blood volume during
exercise and the associated rise in hematocrit are two
hallmarks of equine exercise or work, particularly in warm-
blooded horses. Scheunert, Krzywanek and Müller were the
first to observe that hematocrit of horses could increase by up to

50 percent during exercise, and that the magnitude of this
increase was related to workload.4,5 Their observations 
were published in 1926. They also noted similar events in
dogs and observed that splenectomy eliminated this exercise-
related hemoconcentration. The contractile nature of the
equine spleen was subsequently confirmed by Steger in
1938.6 These phenomena are still the basis of various studies
designed to evaluate different aspects of metabolism and the
dehydration status of horses under different exercise
conditions. 

As well as the above cited work, interested readers are also
referred to the work of two other teams of people in particular.
First, Samuel Brody and colleagues conducted a seminal series
of studies at the University of Missouri with the aid of a tread-
mill that they built. They focused on equine energetics, the ef-
ficiency of metabolism, nutrition, work and growth in the
second quarter of the 20th century and published their find-
ings in a collection of 66 Missouri Agricultural Experiment
Station Research Bulletins. Among other things, Brody et al.
showed that the caloric cost of movement per unit live weight,
per unit horizontal distance covered, is not affected by the size of
the animal and is independent of speed. He also demonstrated
that minute ventilation is exponentially related to the energetic
cost of work or exercise. 

The Russian scientists Karlsen and Nadaljak published a
series of papers from 1960–1965 that were, unfortunately,
difficult to obtain. Karlsen, with Brejtsen, provided the first
‘modern’ documentation of the synchrony of breathing and
stride frequencies7 and, with Nadaljak, displayed great
ingenuity in conducting the first field study of horses exercising
at high speed.8 Together these investigators recorded an oxygen
consumption of 62.8 L/min in a Standardbred galloping on a
track at 11.1 m/s. 

I mention these things because, in the words of the famous
Australian neurologist, Sir Sydney Sutherland (1910–93), it is
important to ‘honor those who go first even if those who come
later go further’. In the 66 chapters in this book, the reader will
find the latest information regarding the physiologic responses
and adaptations of the various equine body systems to exercise
and training. This information is also linked to exercise-related
clinical problems of the same body systems. The chapters have
been written by a number of contemporary experts in these
fields. There are also sections on breed-specific activities and
other ‘applied’ aspects of equine sports medicine. This book
represents an ambitious and valuable contribution to the body
of equine exercise-related physiologic and clinical literature.
With it the reader has the opportunity to follow a subject from
its basic principles to its current state of knowledge in both the
physiologic and clinical or applied sense. Producing such a vol-
ume is a major undertaking and the principal editors and con-
tributors are to be congratulated on their efforts. However, our
knowledge base is incomplete; i.e., it is not perfect. When
considered in terms of progress made over the last 120 years,
one might even suggest that there have been few major
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breakthroughs and that, rather, new information has come 
to light in an almost begrudging but inevitable fashion. In
reality this is the essence of the scientific process and it is the
principal reason that this book should prove to be so useful. It
is also the main reason that such books need to be regularly
revised and it is hoped that this will not be the only edition 
of this very complete and valuable text. 

Warwick Bayly, College of Veterinary Medicine, Washington
State University, Pullman, Washington
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The diagnosis and treatment of disorders of the equine
athlete is a specialty requiring not only the ability to
recognize and treat clinical abnormalities, but also an
understanding of the physiologic demands of exercise and
requirements of competition and training. The science of
equine exercise physiology has progressed to the stage that it
now provides a sound, scientific basis for much of equine
sports medicine. The current level of knowledge, while still
incomplete and imperfect, of the physiologic processes
underlying the acute responses to exercise and the
mechanisms and effects of exercise conditioning, provides a
sound, fundamental understanding of the workings of the
equine athlete. Contemporary equine exercise physiology is
comprised of not only the physiologic responses to exercise
and training, but also nutrition, biomechanics, behavior and
pharmacology. This fundamental knowledge informs our
decisions regarding appropriate training, nutrition, care and
treatment of the equine athlete.

We recognized that equine exercise physiology and equine
sports medicine had advanced to the stage where there 
was a need for a comprehensive and integrated source of
information for practitioners, students of veterinary
medicine, graduate students in equine exercise physiology,
residents in training and well-informed lay horsemen and
women. This book attempts to meet that need. As with the
first attempt at any major project, this book is imperfect and
will not be all things to all readers. However, we hope that we
have filled, at least partially, the requirement for a
comprehensive source that integrates the basic and clinical
sciences of the equine athlete. 

Our belief in the importance of integrating both the basic
and clinical sciences dictated the structure of this book. 
Each of the major body systems is described beginning 
with detailed coverage of the physiologic responses to acute
exercise and to conditioning. This is then followed by one 
or more chapters describing the important clinical abnor-
malities of equine athletes. Our belief is that knowledge 
of the fundamentals of exercise science is essential for an
understanding of the clinical abnormalities of the equine
athlete. However, for those readers with little interest in the
clinical abnormalities of athletic horses, the basic science
chapters can be read alone and will provide a sound under-
standing of the physiology of equine athletic performance.
Chapters in the last section of the book dealing with parasite
control, veterinary aspects of training the various breeds 
of horse, aged athletes, and more, provide a pragmatic,
utilitarian approach to the athletic horse.

Finally, we thank the colleagues and students with whom
we have had the pleasure of working and who provided much
of the knowledge contained within this book. Our profound
gratitude is extended to the authors of sections of this book
with an appreciation of the effort that was required to
compile new comprehensive material on their designated
topic. We hope that they, and the readers, are pleased with
the final product.

Kenneth W. Hinchcliff
Andris J. Kaneps
Raymond J. Geor

2004
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tances during multi-day races). In contrast, draft horses pull
huge weights (1000 kg or more) short distances in pulling
competitions, Warmbloods perform elegant, but demanding,
dressage routines, and ponies pull lightly laden jinkers or
buggies.

Regardless of their size, provenance or intended use, all
horses have in common an ability to perform physical activi-
ties, including running or jumping, at a level that surpasses
that of most other animals of similar body size. The concept
of body size is important as many physiologic variables, and
especially the maximum values of these variables, do not
scale directly with bodyweight but often more closely scale to
an exponent of bodyweight.3 Commonly, exponents range
between 0.68 and 0.75. This exponent is derived empirically
from the measurement of variables such as maximum
running speed or maximum rate of oxygen consumption
(V

•
O2max). Typically, when expressed as a one-to-one function

of bodyweight (i.e. per kg) values for many variables are
much higher for smaller mammals. The necessity to scale
variables allometrically has fascinating physiologic implica-
tions and interpretations.3 However, direct comparison
among species is to some extent specious from the point of
view of depicting differences in physical capacity, given that
the absolute values of these variables vary to such a large
extent. Nonetheless, such comparisons are frequently made,
if only to reinforce the magnitude of the maximal absolute
values of these variables in the exercising horse (Table 1.1).

The athletic capacity of horses is attributable to a number
of physiologic adaptations. In some cases these adaptations
are not affected by training, for example lung size, whereas
others change in response to training, for example blood
volume (see Chapters 28 and 38). The superior athletic ability
of horses is attributable to their high maximal aerobic capac-
ity, large intramuscular stores of energy substrates and in
particular glycogen, high mitochondrial volume in muscle,
the ability to increase oxygen-carrying capacity of blood at
the onset of exercise through splenic contraction, efficiency of
gait, and efficient thermoregulation.

The maximal aerobic capacity (V•
O2max) of horses is

approximately 2.6 times that of similarly sized cattle.8 The
larger aerobic capacity in horses is permitted by a larger

The horse as an athlete

Comparative physiology

The horse is an extraordinary athlete, a characteristic that is
the result of evolution of horses as grazing animals on the
ancient prairies of North America. Survival in these open
lands was enhanced by speed, to escape predators, and
endurance, required to travel long distances in search of feed
and water. These attributes are shared by pronghorn
antelopes, another species that evolved on the prairies. The
equid characteristics of speed and endurance were subse-
quently modified or enhanced by selective breeding by
humans.

Horses were domesticated on more than one occasion,
based on analysis of mitochondrial DNA from a wide variety
of current domestic breeds and Przewalski’s horses.1,2

Domesticated horses were then selected and bred for certain
traits, depending on the intended use. Large, heavy breeds of
horses were bred for draft work, such as pulling plows, sleds
or carts, or military work, such as the chargers that carried
heavily armored knights into the battles of the Middle Ages.
Lighter horses were bred for speed and endurance and were
used for transportation, herding and sport. Horses have been
bred or adapted to a large variety of uses. Thoroughbred race
horses run at high speed (18 m/s, 64 km/h) over distances of
800 to 5000 meters, Standardbred horses trot or pace at high
speed for distances up to 3600 m, Quarter Horses sprint for
400 m or less at speed as high as 88 km/h (see Chapter 32),
sometimes around figure of eight courses delineated by
barrels (barrel racing), and Arabians trot for up to 160 km in
a single day during endurance events (and over longer dis-

Integrative physiology
of exercise
Kenneth W. Hinchcliff and Raymond J. Geor
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maximum cardiac output and stroke volume and higher
hemoglobin concentration.8 Maximum heart rate is not dif-
ferent between horses and cattle. In addition to the cardio-
vascular differences between cattle and horses, horses also
have lungs that are twice as large as those of cattle with gas
exchange surfaces 1.6 times those of cattle.9 Thus, horses
have structural adaptations that enhance oxygenation of
blood in the lungs, oxygen transport capacity of blood 
and the ability to deliver oxygen to tissues. The oxygen trans-
port chain, from air to muscle, of horses is suited to trans-
portation of the large volumes of oxygen required to sup-
port the high metabolic rate of strenuously exercising 
horses.

Substrate is required to support these high metabolic rates
during exercise. Substrate to support exercise is either carbo-
hydrate or fatty acids. Oxidation of fatty acids is limited and
reaches maximal values in other species at a work intensity of
approximately 40–60% of V

•
O2max.10,11 It is likely that a

similar phenomenon occurs in horses. Additional work above
this exercise intensity is fueled solely by oxidation of carbohy-
drates, predominantly glycogen.12 Horses have high intra-
muscular concentrations of glycogen, as do other athletic
species such as dogs.13 Muscle concentrations of glycogen in
horses are approximately 140 mmol/kg of muscle (wet
weight) compared with 80–100 mmol/kg in humans.14 High
intramuscular concentrations of substrate are important for
fueling muscle contractions during exercise. The flux of
glucose from blood into muscle and subsequently to the mito-
chondria provides only a small amount (< 10%) of the
energy used during intense exercise,15 probably because of
limits to the rate of transportation of these compounds
during exercise.13 The presence of large amounts of readily
available substrate in close proximity to mitochondria is
therefore essential for horses to undertake strenuous exercise.

Mitochondria provide the energy for muscle contraction.
The greater the quantity of mitochondria per unit of muscle

weight, the greater is the oxidative capacity of muscle.
Muscle of horses contains approximately twice the concen-
tration of mitochondria as does muscle of cattle, a similarly
sized animal but with a much lower aerobic capacity.16 This
greater aerobic capacity in muscle, when supported by ade-
quate substrate availability and oxygen delivery, permits a
higher whole animal maximal aerobic capacity.

Oxygen transport from the lungs to exercising muscle is
achieved by the circulation. In addition to cardiac output,
oxygen delivery is limited by the oxygen-carrying capacity of
blood. Horses achieve rapid increases in the oxygen-carrying
capacity of blood by increasing hemoglobin concentration
through splenic contraction. Splenic contraction in anticipa-
tion of exercise and during exercise increases the circulating
red cell mass without concomitant increases in plasma
volume.17 The resulting increase in hemoglobin concentra-
tion increases the oxygen-carrying capacity of arterial blood
by up to 50% during intense exercise. The beneficial effect of
this autoinfusion of red cells at the start of exercise is appar-
ent in horses from which the spleen has been removed.18–20

Splenectomized horses have lower hematocrits during exer-
cise, altered systemic hemodynamics including lower right
atrial and pulmonary artery pressures, and reduced capacity
to perform strenuous exercise.

Energetically efficient gait is challenging for large animals
because of the slow rate of contraction and low power output
of their muscles.21 However, the gait of horses is energetically
efficient,22 with the muscular work of galloping being halved
by elastic storage of energy in muscle and tendon units.23 For
the forelimb, this use of stored energy and the subsequent
catapult action mean that the biceps and brachiocephalicus
muscles are less than one-hundredth the size that they would
need to be were there no use of stored energy.21

In summary, a large number of physiologic and anatomic
features act in concert to endow the horse with extraordinary
athletic capacity. Optimal athletic performance is dependent
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Species Bodyweight Speeda Duration ·VO
2max

HRa Energy
(kg) (km/h) of exercise (mL O

2
/kg/min) (beats/min) expenditure 

per day (kcal)

Thoroughbred 450 64 (max) 2 min 180–200 240 (max) 30 000
race horse
Endurance 400 15 12 h 180 38 000b

race horse
Steer 470 80
Goat 32 80
Greyhound 34 64 (max) 60 s Not reported 300a 2160
Sled dog 25 20 10 days 170 300 11 000b

Human 70 36 (max) 9.4 s 85 220 7000c

(Olympic class)
Pronghorn 32 65 10 min 300
antelope

a During customary athletic activity.
b Day of racing.
c Tour de France cyclists.
HR, heart rate; max, maximum value.

Table 1.1 Selected physiologic variables of athletic and non-athletic species4–7



upon optimal integrated functioning of these physiologic and
anatomic features.

Integrative physiology 
of exercise

The detailed responses of each body system to acute exercise
and to repeated exercise (conditioning or training) are
described in chapters throughout this book. These responses,
although described in isolation for each body system, do not
occur in isolation, but rather occur as a component of a
complex and integrated response to exercise, the ultimate
goal of which is to provide substrate for muscle contraction
while maintaining homeostasis.

Exercise results in coordinated changes in almost all body
systems. Fundamentally, exercise is associated with an
increase in power output achieved by contraction of muscles.
Contraction of muscles consumes adenosine triphosphate
(ATP) and triggers an increase in metabolic rate to replace
expended ATP. Increases in metabolic rate are dependent
upon an adequate supply of substrate and, ultimately,

oxygen. Energy production can be achieved for brief periods
of time by anaerobic metabolism, but ultimately all energy
production is linked to substrate oxidation and an adequate
supply of oxygen.

Production of ATP during exercise is proximately depend-
ent on supplies of substrate for oxidation and of oxygen. A
schematic of factors influencing the supply of these fuels to
muscle is depicted in Fig. 1.1. The important concept is that
there are a number of steps in the process or transport chain
by which each of these products is delivered to the muscle
cell. Because these processes are sequential and often non-
duplicative, a limitation in one process or function will limit
the rate of the whole system. In some cases these rate-limit-
ing steps may be modified by training, in which instance the
rate of oxygen or substrate delivery will be increased, or may
not be altered by training. The consequences of these differ-
ences are discussed below under ‘Factors limiting perform-
ance’.

At the onset of exercise there is a coordinated response by
a large number of body systems to increase fuel availability,
maintain acid–base balance within acceptable limits, and
limit body temperature. These responses include a large
increase in flux of substrate, the nature of which depends on
the intensity and duration of exercise. Increasing exercise
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Fig. 1.1
Schematic of substrate and oxygen flux demonstrating the integrated and sequential nature of many processes. Substrate supply to
produce ATP that powers muscle contraction is through both lipid and carbohydrate. Carbohydrate is provided from muscle
glycogen by phosphorylase or from glucose in blood. Important controlling hormones are glucagon, insulin and the catecholamines,
in addition to control by local physicochemical factors. Lipid substrate is provided from both intramuscular and adipose tissues, with
the former being more important during exercise. Ultimately carbon molecules are delivered to the mitochondria wherein they are
oxidized to produce carbon dioxide, heat and work. Oxygen delivery to the mitochondria is dependent upon a chain of events
leading from the atmospheric air to the mitochondria. Muscle contraction is associated with production of work, carbon dioxide,
heat and lactate (under conditions of anaerobic metabolism).ADP, adenosine diphosphate;ATP, adenosine triphosphate; CAT,
catecholamines; CO, cardiac output; CoA, coenzyme A; CO2, carbon dioxide; G-6-P, glucose-6-phosphate; GL, glucagon; [Hb],
hemoglobin concentration; HCO3, bicarbonate; HSL, hormone-sensitive lipase; IN, insulin; LPL, lipoprotein lipase; NEFA, non-esterified
fatty acid; PcO2, capillary oxygen tension; PmO2, mitochondrial tension; SaO2, arterial oxygen saturation; SvO2, venous oxygen
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intensity results in a greater proportion of total energy 
production being derived from carbohydrates in muscle
(glycogen) and blood (glucose, either absorbed from the
gastrointestinal tract or produced by the liver) than from fat
(see Chapter 37). The supply of these substrates is controlled
by the hormonal responses to exercise, which include a
reduction in blood insulin concentration and increases in
blood catecholamine, cortisol and glucagon concentrations
(see Chapter 35). The net result is increased delivery of
glucose to muscle from the blood as a result of increased
hepatic glycogenolysis and gluconeogenesis. However, blood-
borne glucose provides only a small proportion (< 10%) of
carbohydrate used during intense exercise, the remainder
coming from intramuscular stores of glycogen.

Oxidation of substrate during exercise is dependent upon a
nearly constant supply of oxygen. Oxygen delivery to the
muscle is dependent upon optimal functioning of the respira-
tory and cardiovascular systems, which are described in
detail in this text (see Chapters 28 and 32). Increased oxygen
delivery to muscle is achieved through increases in minute
ventilation, alveolar ventilation, oxygen-carrying capacity of
blood (secondary to splenic contraction), and cardiac output.
Increases in values of these variables with exercise are
roughly dependent on the relative intensity of exercise.

Aerobic metabolism and anaerobic glycolysis result in the
production of waste products principal among which are
carbon dioxide and lactate. Carbon dioxide is produced by the
aerobic metabolism of carbohydrate or fat. Produced in the
mitochondria of metabolically active cells, it diffuses into the
blood wherein it is transported either as dissolved carbon
dioxide or as bicarbonate (see Chapter 39). Transportation of
the large amounts of carbon dioxide produced during exercise
results in marked increases in venous partial pressure of carbon
dioxide and venous blood bicarbonate concentrations.

Lactate, and associated H+, is produced during anaerobic
metabolism. A 3-carbon monocarboxylate compound,
lactate moves out of muscles and into other tissues by diffu-
sion and by active transport by monocarboxylate trans-
porters. Lactate is metabolized to carbon dioxide and water in
well-oxygenated metabolically active tissues, or is recycled to
glucose and glycogen in the liver, kidney and inactive muscle
cells (see Chapter 37). The hydrogen ions produced during
anaerobic metabolism are buffered by intracellular buffers,
including proteins, and by extracellular buffers, the most
quantitatively important of which is bicarbonate. Despite this
buffering, intense exercise induces a pronounced acidosis and
acidemia with decreases in arterial and mixed venous pH and
base excess, decreases in arterial bicarbonate concentration
and marked increases in carbon dioxide tension in venous
blood. The acidosis associated with maximal exercise is severe
and tolerable only for short periods of time. Resolution of the
respiratory acidosis occurs within seconds to minutes of the
cessation of exercise, whereas metabolic acidosis is slower to
resolve, taking 30–60 minutes.

Muscle contraction produces heat which if not effectively
dissipated results in hyperthermia (see Chapter 41). The heat
generated by an exercising horse is sufficient to raise its body
temperature by 3–5°C. If exercise is prolonged and not

accompanied by effective heat dissipation, the rectal temper-
ature may exceed 42°C, a temperature associated with
markedly increased risk of heat shock and illness. Heat gen-
erated in muscle is transported by the blood to the skin and
respiratory tract, from where it is lost into the ambient air.
Heat dissipation from horses is achieved by evaporation of
sweat, evaporation of respiratory tract secretions and con-
vective loss of heat in air moving over the horse’s skin and
respiratory membranes.

Physiology of training

Training is essential for horses to compete effectively and
safely. All equine athletes undergo some type of training
regimen to prepare them for the rigors of competition.
Training prepares the equine athlete for competition by
inducing the physiologic adaptations necessary to perform at
a high level with minimal risk of injury, and by providing the
appropriate behavioral and psychological factors essential for
effective competition. In order to adequately prepare a horse
for competition, the horse should regularly perform the type
of activity that it will perform in competition at an intensity
that will induce the physiologic changes needed to permit
optimal performance.

Repetitive exercise induces a multitude of physiologic and
anatomic adaptations in horses. The specific responses of
each body system are dealt with in detail in the relevant sec-
tions of this book. However, there are a number of concepts
that are common to many body systems.

The adaptive response

An important concept is that some physiologic processes,
functions or anatomic structures are malleable and able to
adapt in response to the stresses and strains imposed by repet-
itive exercise. Collectively, induction of these adaptive
responses to exercise is called training or conditioning.
Strictly speaking, training refers to changes in behavior
induced by certain practices whereas conditioning refers 
to the physical changes that occur in response to repe-
titive exercise. However, the terms are often used synony-
mously.

The adaptive responses induced by repetitive exercise act
to reduce the effect of the strain induced by the physiologic
stressors associated with exercise. The body acts to minimize
the disruption to homeostasis induced by exercise by increas-
ing the capacity of the system to deal with the work imposed
by exercise. For example, the stress of increased force produc-
tion by muscle during exercise stimulates changes in muscle
structure and function that act to reduce the stress on indi-
vidual muscle fibers, while increasing the overall capacity of
the muscle. This phenomenon is common to many, but not
all, body systems and the cumulative effect is a change in
body composition and capacity for physical work.
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Mechanisms of training effects

Repetitive exercise (exercise training) results in a multitude of
changes in the body at cellular, tissue, organ and whole organ-
ism levels. At the most fundamental level, training occurs
through increased production of proteins, both structural and
functional proteins. Accumulation of metabolites and waste
products is believed to induce increased transcription of DNA
specific for proteins, including enzymes, that control rate-limit-
ing functions associated with these metabolites. Increased tran-
scription, if associated with increased translation of mRNA to
protein and appropriate post-translational events, results in pro-
duction of more protein. The increased quantity or activity of
the enzymes then results in an increase in the maximal rate at
which the metabolites can be processed or waste products elim-
inated. At an organ level these changes result in an increase in
function, usually associated with increases in organ size.

Principles of training

For training to be effective in inducing the desired conditioning,
there must be a degree of ‘over-reaching’. Over-reaching refers
to the performance of an activity at a sufficient intensity and
duration to induce some strain into the organism. Without this
strain, there will be no conditioning effect.

It is also important to recognize that training is task
specific. The task for which conditioning is desired must be
performed. For example a horse trained to compete in
endurance events will be poorly trained for sprint racing.
Given the specificity of training, there are three principles of
training expressed for human exercise physiology:24

1. Repetition
2. Summation
3. Duration.

To induce a training effect, there must be repetition of the train-
ing stimulus. The number of repetitions varies with the type and
intensity of exercise. Summation refers to the total amount of
work performed. To achieve some degree of over-reaching, the
total amount of work performed must be sufficient to induce
some strain. If tasks are performed without sufficient time for
substantial recovery between repetitions, then the total amount
of work needed to achieve a training response may be lower
than if recovery is allowed to occur.24 Finally, the training stim-
ulus must be of sufficient duration to induce an effect.

These principles of training must be used in a thoughtful
and planned manner in order to induce the maximum train-
ing response while reducing the risk of injury. The art of
training involves the judicious use of exercise of various
intensities and durations in order to induce the optimal adap-
tations that will permit successful competition while prevent-
ing injury or occurrence of overtraining.

Overtraining

Overtraining is a well-recognized syndrome in human athletes
in which increases or maintenance of training intensity are

associated with decrements in performance.25,26 Diagnosis of
overtraining in humans is complicated by the absence of any
one definitive test, although psychological profiles including
evaluation of mood are the most specific indicators of over-
training.25 The situation is even more complicated in horses for
which psychological and mood evaluation is not available.
Overtraining in horses is characterized by decrements in per-
formance and maximal rate of oxygen consumption.27,28 Spe-
cific aspects of overtraining are addressed in other sections of
this book.

Factors limiting
performance

Maximal performance involves the coordinated optimal func-
tioning of almost all body systems. In most cases, maximal
performance requires that these body systems operate at or
close to their maximum capacity. Conceptually, this inte-
grated maximal function may be viewed as a pipeline. The
maximum overall flow through the pipe is limited by the nar-
rowest segment of the pipe. This analogy is often employed for
oxygen transport during exercise and the system is viewed as
one of tuned resistors, with no one individual element limit-
ing the capacity of the system.29 While this analogy is appro-
priate for healthy animals, it may not be so for animals with
performance-limiting abnormalities, such as lameness or
airway obstruction. In this instance, a single abnormality is
sufficient to impair performance. Specific aspects of poor per-
formance are dealt with elsewhere in this book.

For healthy horses the actual performance-limiting factor
depends on the type of exercise and its duration. Standardbred
or Thoroughbred race horses running at top speed are probably
limited by oxygen transport. In these animals the malleable
components of the oxygen transport chain (red cell mass, mito-
chondrial volume, muscle capillarity) have adapted to the extent
that the capacity of these components approaches or exceeds
the capacity of the non-malleable components, such as lung
volume or tracheal diameter. A reduction in the capacity of the
non-malleable component, for example a reduction in laryngeal
diameter secondary to laryngeal hemiplegia, will reduce the
capacity of the whole system. This has important consequences
for a horse performing at maximal intensity. However, if the
capacity of the non-malleable components exceeds that of the
malleable components, then a reduction in capacity of the non-
malleable component may not reduce performance, for instance
in the case of a dressage horse with laryngeal hemiplegia. In
this case, the disorder will probably not limit the physiologic
capacity of the horse to perform its task (although the associ-
ated respiratory noise may detract from the performance).

For other types of performance, other factors are limiting.
Three-day event horses may be limited by their capacity to
thermoregulate, endurance horses by their capacity to main-
tain fluid and electrolyte homeostasis, and draft horses by the
strength of their muscles. Clearly, the factors limiting exercise
capacity of horses vary with the type and duration of
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exercise. However, an understanding of what is likely to limit
performance for each breed and use of horse is important not
only in understanding the physiology of that form of exer-
cise, but also in determining the likely causes of poor per-
formance in animals with clinical disease.
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or previous illnesses, any previous surgeries, present diet
(including all supplements), present and past training proto-
cols, and a complete performance record. Obtaining an accu-
rate database requires that the individuals providing the
information actually have the necessary specific, first-hand
knowledge of the equine patient and any associated prob-
lems. Transportation providers, grooms, relatives, even
absentee-owners, etc. are often unaware of the pertinent
medical information that is required to assess the patient
adequately.

For those patients that have been competing, a complete
official performance record can often indicate whether an
individual’s performance has always been less than expected,

Introduction

The widespread availability of high-speed equine treadmills
at universities and major veterinary referral centers has led to
the development of a number of programs that utilize a
treadmill examination as part of the diagnostic evaluation of
poor performance in equine athletes.1–3 As a number of
structural and/or functional abnormalities only manifest
during intense exercise, appropriate diagnostic information
for many of these potentially performance-decreasing prob-
lems are best obtained during controlled exercise afforded by
a high-speed treadmill. This chapter will provide a discussion
of the more common techniques utilized in the diagnostic
workup of horses with athletic performance that is less than
expected. A detailed flowchart of a typical performance eval-
uation protocol is shown in Fig. 2.1.

History

A thorough, accurate history is an essential initial step in
attempting to identify the cause(s) of poor athletic perform-
ance. This includes not only a detailed description of the pre-
senting complaint, but also the type/duration of any present
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or if there has been a recent reduction in performance.
Recent changes in competitive performance are often indica-
tive of the onset of specific medical abnormalities, whereas
poor performance throughout the individual’s career may
indicate that the expectations of the owners/trainers exceed
the ability of the animal to compete at the desired level of
performance.

Physical examination

The fact that a horse arrives at a referral center or university
hospital with a primary complaint of ‘poor athletic perform-
ance’ indicates that up to the time of presentation no specific
cause for reduced performance had been identified by any of
the previous individuals examining the horse. However, this
does not mean that a specific abnormality or illness is not
present. Therefore, it is essential that a thorough physical
examination of all body systems be conducted in order to rule
out obvious organic disease or abnormalities. It is tempting to
focus upon those systems most obviously involved in exercise
(i.e. cardiovascular, respiratory, and musculoskeletal).
However, abnormalities in virtually any system can also have
an impact upon exercise performance.

Lameness evaluation

Although overt lameness is understood to impact severely
on performance, the effects of mild-to-moderate lameness
are often overlooked as a potential cause of diminished per-
formance. As treadmill exercise can often mask or confuse
all but the most severe lameness, treadmill evaluations 
are not indicated in lame animals. Additionally, the risk of
potentially exacerbating an existing lameness does not
usually warrant a high-speed treadmill evaluation. Instead,
a thorough lameness examination, including diagnostic
regional nerve blocks, radiographs, nuclear scintigraphy, or
other imaging modalities, is indicated in these horses. Only if
athletic performance continues to be less than expected after
resolution of any causes of obvious lameness would a tread-
mill evaluation be indicated. Other abnormalities found
during the physical examination, such as certain cardiac
arrhythmias (e.g. atrial fibrillation), or overt lower airway
disease, among others, should also be resolved before a
treadmill evaluation.

In some cases, resolution of a specific cause of lameness
may require significant rehabilitation time. Should multiple
body system dysfunctions be suspected in addition to
mild/moderate lameness, and if definitive diagnosis requires
a dynamic evaluation, then a treadmill examination may still
be indicated. This is particularly important if correction/
treatment of any of these potentially performance-limiting
dysfunctions also requires prolonged recovery time for return
of normal function. Certainly, it is undesirable to exacerbate

any diagnosed lameness, so the potential risk of further
damage to the horse, as well as the safety of the treadmill per-
sonnel, must be weighed carefully prior to continuing with a
high-speed treadmill examination. A compromise may
involve a treadmill evaluation at reduced running speed.

Resting cardiac examination

A thorough examination of the cardiovascular system
during resting conditions is critical to identify potential struc-
tural/functional abnormalities that may impact exercise 
performance.4 This examination must include careful aus-
cultation of the entire thorax to identify possible dysrhyth-
mias, murmurs, or other abnormal heart sounds, along with
possible evidence of primary or secondary pulmonary dys-
function. Peripheral pulse quality and venous distension
should also be evaluated, as they may be important indica-
tors of cardiovascular dysfunction. Heart rhythm should be
evaluated by electrocardiography (ECG) (Fig. 2.2); cardiac
structure and function are assessed with echocardiography.
The ECG during rest should exhibit a regular sinus rhythm,
although occasional second-degree atrioventricular block is
considered a normal finding in healthy horses. Occasional
premature beats are also acceptable, and not thought to
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Fig. 2.2
Normal electrocardiograms (ECG) from horses without overt
cardiac abnormalities. Heart rate ranges for each of the exercise
intensities are given in the text.



interfere with performance, as long as they disappear with
exercise. A complete echocardiographic evaluation consists
of two-dimensional (2-D) images to assess both structure and
function (Fig. 2.3), M-mode images for measurements and
calculated indices (Fig. 2.4), and Doppler studies to determine
regurgitant blood flow. Detailed references have been pub-

lished describing these echocardiographic techniques.5–8 On
a 2-D image, a normal heart should not have any evidence of
chamber enlargement, and should have obvious thickening
and inward motion of the ventriclar myocardium during
systole. M-mode images from short axis views are used to
measure ventricular and aortic dimensions and to calculate
indices such as fractional shortening (FS). Fractional short-
ening provides an indication of cardiac contractility, and is
calculated from measurements of the left ventricular internal
diameter in systole (LVIDs) and diastole (LVIDd) taken from
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Fig. 2.3
Standard two-dimensional (2-D)
echocardiograms from the right side.
(A) Right parasternal short-axis view just
below the level of the mitral valve.
(B) Right parasternal long-axis 
four-chamber view of the heart.
(C) Right parasternal long-axis view of
the left ventricular outflow tract.
Ao, aorta; LA, left atrium; LV, left
ventricle; RA, right atrium; RV, right
ventricle.

RV RVIDd
RVIDs

LVIDs
LVIDdLV

IVS

LVFW

Fig. 2.4
Standard M-mode echocardiogram from a right parasternal short-
axis view taken at the level of the chordae tendineae. Fractional
shortening is calculated from this view. IVS, intraventricular
septum; LVIDd, left ventricular internal diameter at end-diastole;
LVIDs, left ventricular internal diameter during systole; LV, left
ventricle; LVFW, left ventricular free wall; RV, right ventricle;
RVIDd, right ventricular internal diameter at end-diastole; RVIDs,
right ventricular internal diameter during systole.

Cardiac dimension Average (range)

Ao 8.13 (6.9–9.2)
LVIDd 11.92 (9.7–13.1)
LVIDs 7.45 (5.8–8.8)
IVSd 2.85 (2.3–3.44)
IVSs 4.21 (3.16–5.16)
LVFWd 2.32 (1.72–3.40)
LVFWs 3.85 (3.00–4.62)
LAD 12.82 (11.30–14.52)
%FS 37.42 (29.41–44.67)

Ao, aorta; LVIDd, left ventricular internal diameter in diastole; LVIDs, left
ventricular internal diameter in systole; IVSd, intraventricular septum in
diastole; IVSs, intraventricular septum in systole; LAD, left atrial diameter;
LVFWd, left ventricular free wall in diastole; LVFWs, left ventricular free
wall in systole; FS, fractional shortening.
Data adapted from Durando and Young.4

Table 2.1 Values of selected cardiac dimensions at rest



M-mode images obtained at the chordal level immediately
below the mitral valve, using the following formula:

FS = LVIDd – LVIDs × 100
LVIDd

A number of investigators have measured normal heart
chamber and wall dimensions.7 A brief summary of the more
commonly determined dimensions is given in Table 2.1.

Overt abnormalities identified at rest are often sufficient
indication not to continue with a high-speed treadmill evalu-
ation. These include, but are not limited to, atrial fibrillation,
multiple ventricular premature depolarizations (VPDs),
paroxysmal ventricular tachycardia, obvious abnormal ven-
tricular wall motion, and/or significant valvular dysfunction.
In some situations, a treadmill examination may still be indi-
cated even with evidence of cardiac dysfunction. This is espe-
cially true when abnormalities in multiple systems are
suspected, but require a dynamic examination for definitive
diagnosis. With moderate/severe resting cardiac abnormali-
ties, a high-speed treadmill examination may place the horse
and/or personnel at risk. In these cases, a treadmill test may
be conducted at reduced speed.

Resting upper respiratory
tract evaluation

Endoscopic examination of the upper respiratory tract (URT)
from the nostrils to the level of the carina should be conducted
not only under passive resting conditions, but also during
induced swallowing and with short-term nasal occlusion.
Even without a definitive history of prior surgical interven-
tion, a thorough visual examination of the entire URT should
be completed, as the present owners/trainers may not be
aware of all previous surgeries. Abnormalities in anatomy
and/or function can have a significant impact upon ventila-
tion during exercise, thereby contributing to reduced athletic
performance. However, many abnormalities detected during
an endoscopic examination are incidental findings that gener-

ally have little or no impact on exercise performance. Such
insignificant findings would include, but are not limited to,
hyperplasia of the pharyngeal lymphoid tissues (more
common in younger horses), some asynchronous movement
of the arytenoids, and mild flaccidity of the pharynx, epi-
glottis, and/or soft palate.9,10 Abnormalities that are sugges-
tive of possible ventilation impairment during exercise, and
therefore warrant high-speed treadmill examination, would
include moderate/severe flaccidity of the epiglottis, soft palate,
and/or pharyngeal walls, asynchronous and/or asymmetric
movement of the arytenoids, and intermittent displacement of
the soft palate. Severe abnormalities observed during the
resting examination, such as chronically displaced soft palate,
grade IV laryngeal hemiplegia, or arytenoid chondritis, pre-
clude a treadmill evaluation. Although it is often tempting to
terminate the diagnostic work-up when mild/moderate upper
respiratory tract abnormalities are identified, it must be
stressed that a complete evaluation of all body systems should
be conducted prior to rendering a definitive diagnosis of the
cause of poor performance. Often multiple body systems have
significant abnormalities,1 and, when this is the case, repair-
ing/treating only one of them without regard to other poten-
tial problems can lead to unrealistic expectations regarding
improvement in athletic performance. The more commonly
diagnosed upper respiratory tract abnormal findings are dis-
cussed in detail in Chapter 4.

The observation of a normal resting upper respiratory
tract (Fig. 2.5), inconclusive evidence of soft palate displace-
ment, or grade II/III laryngeal hemiplegia, are all indications
for proceeding to a dynamic evaluation of the upper respira-
tory tract during a high-speed treadmill exercise evaluation.

Treadmill familiarization

Should the preceding evaluations of the patient reveal no
obvious cause for reduced athletic performance or when
potential dysfunction can only be diagnosed during exercise,
a high-speed treadmill evaluation is indicated. Because the
majority of individual horses have not been required to run
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A B

Fig. 2.5
Endoscopic views of an upper respiratory
tract of a healthy horse during inspiration
at rest (A) and during maximal exercise
(B).



on a treadmill, the most important initial step in the process
of a treadmill evaluation is to familiarize the horse to exercise
on the treadmill. It cannot be stressed enough that the most
essential part of the familiarization process is to have a com-
petent horse-handling team; individuals familiar with the
treadmill and skilled in handling fractious, excited, and often
scared horses in an environment foreign to them. Although
the philosophy regarding the familiarization process varies
considerably among various referral centers and university
hospitals, the most commonly employed system involves a
2–3 day process of non-exercising diagnostic evaluations and
a multiple day familiarization protocol. However, this is not
always the case, with several of the busiest centers employing
a complete examination schedule conducted on an outpa-
tient basis, all within 4–6 hours.

The initial stage of familiarization involves walking onto
the treadmill platform repeatedly to allow the horse to
become comfortable with its immediate surroundings. Then,
several periods of starting and stopping the treadmill are uti-
lized to help the horse become comfortable with the move-
ment of the ‘ground’. Once the horse becomes accustomed to
walking as the treadmill is started, the speed can be slowly
increased, encouraging the horse to change smoothly into
gaits appropriate for the increased speeds, thus completing
the initial familiarization stages. For those horses that rou-
tinely have ancillary running aids applied during competition
(i.e. pacing harnesses, blinkers, head-check), additional
familiarization should be conducted with these aids attached.

For most horses, the entire familiarization process is gen-
erally conducted over a time-span of less than an hour.
Rarely, an individual horse will have a temperament unsuit-
able for familiarization in such a short time frame. In these
cases, it may be decided to keep the horse at the facility for
additional familiarization sessions, or at the discretion of the
‘team’, abandon any thoughts of high-speed treadmill evalu-
ation! In the experience of most centers with high-speed
treadmill evaluation capabilities, greater than 95% of the
horses that reach the treadmill evaluation stage successfully
complete the familiarization and proceed to the actual high-
speed treadmill exercise evaluation.

Instrumentation

Following successful familiarization but prior to the actual
high-speed treadmill evaluation, horses are instrumented to
permit data collection during exercise. The most common
monitoring instrumentation for diagnosing dynamic
changes during exercise includes some type of ECG recording
system, catheterization of a systemic artery (e.g. transverse
facial artery), a means for monitoring core body/blood tem-
perature, and placement of an endoscope to visualize the
nasopharynx and proximal laryngeal structures. Occa-
sionally, the presenting complaint may include the recent
onset of exercise-induced pulmonary hemorrhage (EIPH). In
these cases, the placement of a catheter to monitor pul-
monary arterial pressures may be indicated.

To monitor the ECG during exercise, some form of teleme-
try system is generally utilized. A number of systems are
commercially available, with the only requirement being the
capability of recording a discernible ECG pattern during
intense exercise. Because the horse is confined to the tread-
mill, it is not essential that a telemetry system be utilized;
even a hard-wired system would be acceptable. It is, however,
imperative that clear images of the ECG be recorded continu-
ously during exercise and in the immediate post-exercise
period. As previously noted, significant resting arrhythmias
and/or myocardial dysfunction would preclude proceeding to
a high-speed treadmill evaluation. However, several individ-
ual non-conducted beats or isolated VPDs are generally
insignificant and will often not be apparent during exercise.
The presence of this type of arrhythmia does not preclude the
conduct of an exercise test.

A catheter placed in a systemic artery provides access to
arterial blood during exercise. Sequential sampling of arterial
blood during exercise is essential in evaluation of pulmonary
gas exchange function as well as of exercise-related changes
in blood electrolytes and acid–base status. Arterial blood gas
values change extremely rapidly following exercise, within
5–10 seconds, thus precluding the use of virtually any post-
exercise blood sample in the evaluation of lung gas exchange.
The mechanics and exact placement of a systemic arterial
catheter vary among the various facilities, with the most
commonly utilized artery being the transverse facial artery.
The type of catheter used is also a matter of individual pref-
erence, but most frequently some type of 20-gauge ‘over-the-
needle’ catheter is utilized. In any event, the catheter must be
securely attached to the horse (e.g. sutures or cyanoacrylate
cement) and connected to extension tubing to permit collec-
tion of blood samples during treadmill exercise.

To temperature-correct measured blood gas values to
those of the gas exchange region, it is essential that the blood
temperature at the site of gas exchange be recorded. For the
clinical treadmill examination, some type of rapid-respond-
ing thermocouple or thermister catheter must be placed in
the central body core. This generally involves passing the tem-
perature-monitoring catheter to the level of the heart via a
jugular vein. Monitoring core body temperature is also of
importance if heat dissipation abnormalities (e.g. anhidrosis)
are suspected.11,12 Figure 2.6 shows a catheter positioned in
a transverse facial artery and a thermocouple catheter placed
into a jugular vein.

Continuous visualization of the nasopharynx and proxi-
mal laryngeal structures during the high-speed treadmill
examination is accomplished by placing a flexible endoscope
through either of the nostrils to the level of the pharyngeal
openings of the guttural pouches. While the exact type is not
critical, a moderately flexible video or fiberoptic endoscope,
9–12 mm in diameter, with intense illumination and a wide
field of view is most typically utilized. Some means of contin-
uously recording the images obtained via the endoscope is
also essential. Several commercial sources of veterinary video
endoscopes are available, and are readily adapted to permit
temporary fixation of the endoscope to the halter or bridle of
the horse to maintain position during treadmill exercise.10
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Thorough diagnostic evaluation of the cardiopulmonary
system during exercise may involve measurement of exercis-
ing pulmonary arterial pressures. Placement of a pressure-
measuring catheter into the pulmonary artery, although
somewhat invasive, is a relatively straightforward technique.
A commercially available catheter introducer is placed into a
jugular vein, and a pressure-monitoring catheter is passed
through the introducer, advanced through the vein, the right
atrium, the right ventricle, and into the pulmonary artery.
Pressure waveforms are monitored during passage until the
characteristic waveforms of the pulmonary artery are
observed. Tip-mounted pressure transducer catheters are
readily available, at modest cost, which permit not only accu-
rate pressure measurements, but also simultaneous blood
sampling, even during intense exercise. Although there are
risks associated with the passage of a catheter through the
heart, the associated problems rarely persist. These problems
can include cardiac arrhythmias associated with myocardial
irritation, thrombus formation, and possible damage to the
myocardium and/or valve leaflets.13 However, the diagnostic
value of measuring pulmonary arterial pressure often out-
weighs the risks.

Recent reports also suggest that direct measurement of
pressure changes within the right ventricle during exer-
cise may provide valuable information regarding mild 
cardiac dysfunction. For these measurements, passage of
appropriate pressure-measuring catheters into the right
ventricle is identical to that described above for place-
ment of a pulmonary arterial catheter except for the final
positioning.14

Exercise tests

After placement of the necessary instrumentation described
above, a standardized treadmill exercise test (STET) is con-
ducted. Individualized STETs have been developed at various
veterinary facilities; however, the differences are primarily
related to equipment and/or personnel availability. A typical
STET consists of a warm-up phase of walking, trotting, and
moderate cantering (trotting/pacing in Standardbred race
horses), followed by a high-speed test at as fast a speed as the
individual horse is capable of sustaining for 1600 to 2400
meters. The exact intensity of the high-speed test is often dic-
tated by the temperament of an individual horse, but in most
cases speeds will approach 12–14 m/s. This generally repre-
sents 90–95% of the exercise intensity required to elicit
maximum oxygen consumption in most fit athletic horses.
Some clinical facilities conduct an additional high-speed test,
30–60 minutes following the first test, with the philosophy
that a single test is not sufficiently strenuous to mimic racing
conditions, and that two successive tests provide a better
reflection of the fatigue and dynamic changes in certain vari-
ables associated with competition. Another commonly
employed method of increasing exercise intensity during the
STET is to elevate the treadmill to have the horses run uphill.
While this does elicit greater exercise effort for any given
speed than without treadmill elevation, it should be noted
that different muscle groups are utilized during uphill exer-
cise than on the flat. Therefore, this must be considered in the
evaluation of potential performance-limiting abnormalities.
It should also be noted that, for some horses, the inclusion of
some uphill exercise during the STET may be appropriate.
This is especially true for horses used in competitions that
include jumping (i.e. steeplechasing, eventing).

During the high-speed test, the ECG and video images of
the nasopharynx/larynx are continuously recorded. If pul-
monary arterial pressures are being monitored, pressure
waveforms are continuously recorded utilizing a computer-
ized data collection system. Discrete samples of systemic arte-
rial blood are collected anaerobically into heparinized
syringes at various timed intervals during the test; a typical
sampling protocol involves samples collected at rest, imme-
diately following the warm-up period, after 30, 90, 150, 
210 seconds of the maximal test, and within 60 seconds
following cessation of exercise. The blood samples are tightly
capped and stored on ice until analyzed, generally within 
15 minutes of collection. Typical analysis would include
blood gases (i.e. PO2, PCO2, pH), plasma electrolytes, hemo-
globin concentration, lactate concentration, and multiple
computed values (e.g. bicarbonate, base excess, total CO2,
anion gap, etc.).

In certain cases, part of the presenting complaint may
include exaggerated noises associated with respiration. To
help identify the source(s) of these reported respiratory
noises, sounds associated with the upper respiratory tract
and video images of the nostril region can be recorded during
the treadmill examination.

14
Integrative physiology and exercise testing

A

C

D

B

Fig. 2.6
Catheter placement for evaluation of arterial blood during
treadmill exercise. (A) 20-gauge catheter secured with
cyanoacrylate cement into the left transverse facial artery;
(B) a thermocouple catheter passed via the left jugular vein; (C)
catheter extension tubing to allow blood sampling during
exercise; (D) thermocouple extension wire to allow recording of
temperature signals from the sensor placed at the level of the
right atrium.



Expected normal findings during STET

Normal ECG findings during exercise include a regular sinus
rhythm with no ectopic beats. The heart rate is typically
60–80 beats/min during walking, 80–120 beats/min during
trotting, 120–150 beats/min at a moderate canter (trot/pace
in Standardbreds), 150–180 beats/min at a gallop (not
maximal effort), and up to 220–240 beats/min at maximal
effort. Heart rate and rhythm are also monitored during the
immediate post-exercise period where the rate should drop to
below 100 beats/min within 4–5 minutes, and have only
occasional, transient sinus arrhythmias, second-degree atrio-
ventricular block and/or isolated supraventricular or ventric-
ular ectopic beats.15

The normal URT during a high-speed treadmill test will
have little or no observable mucus. Additionally, during inspi-
ration, arytenoid cartilages will fully abduct and move in
synchrony, the epiglottis will remain on the floor of the
nasopharynx (except during swallowing), the soft palate and
walls of the nasopharynx should not adduct or in any way
reduce the size of the nasopharynx, and the external muscu-
lature of the nostrils should expand the nasal openings
during inspiration and maintain some tension (preventing
fluttering) during exhalation.9,16 Several researchers are
attempting to correlate respiratory sounds with visual obser-
vations of pharyngeal/laryngeal abnormalities.17,18 Pub-
lished reports to date suggest that it may eventually be
possible to obtain diagnostic information regarding certain
URT abnormalities during routine exercise without a specific
endoscopic treadmill examination. The caveat remains that
such diagnostics would provide information only on the URT,
potentially missing dynamic abnormalities in other body
systems. Chapter 4 details abnormalities of the URT that are
commonly associated with reduced athletic performance.

Arterial blood samples obtained during the treadmill
examination are used to evaluate pulmonary gas exchange as
well as electrolyte and metabolic changes associated with
exercise. A number of these changes are related not only to
the intensity but also to the duration of exercise. For these
reasons, it is best to collect serial blood samples during the
treadmill examination. Data for selected arterial blood
parameters (those that exhibit the greatest exercise-related
changes and thus are the most commonly utilized to diagnose
related abnormalities) obtained during treadmill exercise in
119 clinically normal horses without evidence of cardio-
pulmonary or URT abnormalities are shown in Figs 2.7 and
2.8. Figure 2.7 shows average (± standard error of the mean)
values for each of seven samples collected during the tread-
mill examination. Figure 2.8 shows the average values for the
same variables but as a function of the maximum treadmill
speed achieved by individual horses.

Core body temperature increases during exercise as a func-
tion of both exercise intensity and duration. Resting core
body temperatures in a group of ~400 clinical cases averaged
37.3°C. The body temperature response to treadmill exercise
is depicted in Fig. 2.7, while body temperature at the end of
exercise plotted against maximum running speed for individ-
ual horses is shown in Fig. 2.8.
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Fig. 2.7
Plots of selected blood variables at rest, following the warm-up
period, during high-speed treadmill exercise at 12–13 m/s, and 
30 seconds post-exercise.These data are from a subset of 
34 individual horses from a total of 119 clinically healthy horses
that completed a high-speed exercise test at a maximum speed 
of 12–13 m/s.Values are mean ± SEM. Left axis is used for values
represented by blue lines; right axis for red lines.



Immediate post-exercise
assessment

Echocardiography

A resting cardiac examination is critical to ensure that the
horse does not have overt disease as a contributor to
decreased performance. On the one hand, subtle or paroxys-
mal abnormalities that might not be apparent at rest can
significantly impact on exercise performance when maximal
cardiac output is required. Conversely, some abnormalities
appreciated at rest, such as a murmur with mild valvular
regurgitation, might not negatively influence performance.
As horses have a relatively high prevalence of murmurs and
arrhythmias,19–22 it can be a challenge to determine their
significance as a cause of poor performance. Various abnor-
malities, such as systolic dysfunction, diastolic dysfunction,
significant regurgitation, intracardiac shunts or dysrhyth-
mias, can cause a reduction in athletic ability by reducing
cardiac output. Some of these may be dynamic in nature,
only exacerbated by strenuous exercise. Although the heart
rhythm can be evaluated during exercise by telemetered ECG,
myocardial function is much more difficult to evaluate, and,
under most circumstances, this evaluation must be confined
to the immediate post-exercise period.

In human medicine, immediate post-exercise stress
echocardiography has been shown to be a very sensitive and
specific indicator of exercise-induced myocardial ischemia
and coronary artery disease.23,24 Stress echocardiography
consists of specific standardized views taken under resting
conditions just prior to and immediately post-exercise. The
corresponding images are displayed side-by-side in a continu-
ous loop cine format at comparable heart rates, to compare
wall motion and thickening from similar views before and
after exercise. In humans, the left ventricular wall is divided
into segments, and the wall thickening and motion pre- and
post-exercise for each segment are evaluated and graded. The
segments are scored normal, hypokinetic, akinetic or dyski-
netic, and segmental dysfunction is considered to be a sensi-
tive indicator of coronary artery disease and regional
ischemia. To be most accurate, it must be completed within
2–3 min of cessation of exercise before values return to base-
line. Recently, a similar technique has been advocated as a
means of evaluating myocardial function in horses.5 Normal
myocardial function at rest is manifested by ventricular wall
thickening and inward motion during systole with FS of
approximately 30–40%. During exercise, the inward wall
motion, wall thickening and FS should increase dramatically
in response to the demand for increased cardiac output. This
increased myocardial contractility persists very briefly into
the post-exercise period. A recent study in exercising horses
calculated myocardial contractility on the basis of dP/dt (the
first derivative of the change in pressure with respect to time)
via pressure catheters positioned in the left and right ventri-
cles. Similar calculations have been used to assess both sys-
tolic and diastolic myocardial function in horses. This study
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Fig. 2.8
Plots of the same blood variables as in Fig. 2.7 except, in this case,
versus running speed.These values are those obtained from blood
samples collected during the final 30 seconds of maximal treadmill
exercise (i.e. the samples indicated in Fig. 2.7 at 210 seconds of
treadmill exercise).The speeds indicated represent the maximal
intensities attained by individual horses during treadmill tests.Values
are mean ± SEM from a total of 119 horses determined to be
clinically healthy that completed a high-speed exercise test: total
number of individual horses at speeds of 8, 9, 10, 11, 12, and 13 m/s
were 14, 19, 15, 25, 34, and 12, respectively. Symbols are as indicated
in Fig. 2.7.



demonstrated that contractility remains similar to exercising
values for approximately 30 s, while the heart rate remains
elevated.14 Thus, for stress echocardiography to be a useful
indication of exercising myocardial function, it must be per-
formed within 30–60 s of the cessation of exercise.

Post-exercise blood samples, collected 1–4 h following the
treadmill test, are evaluated for the activities of several circu-
lating enzymes that can arise from damaged cells. The most
commonly evaluated enzymes are creatine kinase isozymes
(CK or CPK), aspartate aminotransferase (AST), and the
lactate dehydrogenase (LDH) isozymes. In addition, the
plasma concentration of cardiac troponin I (cTNI) has been
evaluated.25–27 Although not all of these enzymes are exclu-
sively found in skeletal and/or cardiac muscle, unexpected
differences between values in samples collected prior to the
treadmill examination and those in the post-exercise samples
can generally be attributed to abnormalities in either of these
systems. Table 2.2 provides reference ranges for cTNI and the
commonly measured enzyme activities, both at rest and post-
exercise.

Differential cytologies of washes from either the trachea
(TW) or the bronchoalveolar region (BAL) are frequently
used to evaluate the potential contribution of lower airway
disease to reduced athletic performance. Most clinicians
agree that BAL fluid cytology is better correlated with specific
lower airway abnormalities than is TW fluid and thus is the
better sample to collect post-exercise.28,29 However, the need
for sedation and the more invasive nature of a BAL may pre-
clude its use in some clinical settings, especially if the entire
treadmill examination is performed in a single day on an out-
patient basis. The cytologic profile of samples collected pre-
and post-exercise will differ. Typical cell differential values for
samples of TW and BAL fluid obtained before and approx-
imately 1 h after treadmill exercise are given in Table 2.3.
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Rest Post-exercise

Total creatine kinase (CK) 24.6 ± 6.9a <1000d

activity (U/L) 81–225b 85.8 ± 10.1e

CK isozymes (% of total)f

BB 20.1 ± 7.1a

1.9 ± 0.8e 3.8 ± 1.9e

MB 1.3 ± 1.2a

11.2 ± 2.1e 12.9 ± 6.5e

MM1 45.2 ± 6.2a

86.9 ± 2.6e 83.3 ± 6.5e

MM2 33.6 ± 7.8a

with MM1
e

Aspartate aminotransferase  141–330c –
(AST) activity (U/L)

Total lactate dehydrogenase  275.8 ± 68.9a 313.0 ± 74.1e

(LDH) activity (U/L)
LDH isozymes (% of total)
LDH1 23.7 ± 3.4a

12.6 ± 6.7e 8.8 ± 3.2e

LDH2 28.0 ± 2.3a

23.3 ± 7.5e 13.7 ± 5.6e

LDH3 32.9 ± 2.9a

50.6 ± 12.6e 62.0 ± 7.3e

LDH4 13.1 ± 3.4c

10.1 ± 2.9e 12.5 ± 4.3e

LDH5 2.3 ± 1.7a

3.4 ± 1.2e 3.1 ± 0.9e

Cardiac troponin I (cTNI) 26 ± 11b 72 ± 57b

concentration (ng/L)
a From Fujii et al;30 values are mean ± SD, n = 160.
b From Durando et al;26 values are mean ± SD, n = 9.
c From Lumsden et al;31 values are 95% confidence interval.
d From Martin et al;1 upper limit for asymptomatic horses.
e From Rueca et al;32 values are mean ± SD, for horses running >15 m/s.
f The designation BB, MB, MM1, MM2 is a term for the specific isoenzyme.
BB is brain type, MM is muscular type, and MB is hybrid type (Fujii et al35).

Table 2.2 Values for selected enzymes and proteins found in
serum of clinically health horses

Tracheal wash Bronchoalveolar lavage

Resta Post-exerciseb Restc Post-exercisec

Nucleated cell differential
macrophages 67 ± 11 63.0 ± 18.7 68.8 ± 8.8 58.9 ± 14.1
lymphocytes 10 ± 3.5 2.7 ± 2.1 22.9 ± 7.9 30.6 ± 9.3
neutrophils 20.5 ± 10.2 7.9 ± 6.7 3.8 ± 5.5 7.2 ± 13.7
eosinophils 2 ± 1 0.6 ± 0.7 NR NR
mast cells 0 0.4 ± 0.6 NR NR
epithelial cells NR 25.3 ± 21.6 NR NR

Hemosiderophages 6 6.5 ± 6.0 16.6 ± 19.4 14.4 ± 10.7
NR = not reported.
a From Christley et al;33 values are mean ± SD, n = 9.
b Authors’ unpublished data; values are mean ± SD, n = 101.
c From Couetil and Denicola;34 values are mean ± SD, n = 23 rest, n = 36 post-exercise.

Table 2.3 Normal values for cytology from tracheal and bronchoalveolar wash fluid
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Limitations of treadmill
tests

The arguments for using high-speed treadmills to evaluate
fitness and health of horses are obvious. The physical envi-
ronment can be controlled, and conduct of exercise tests with
precise design is possible. The speeds and durations of each
step of an exercise test are highly repeatable. There is also
easy access to horses at suitable times during and after
exercise for cardiorespiratory measurements and blood
collections.

Horses should be acclimated to treadmill exercise before
clinical exercise testing.1 However, responses to acclimation
runs are unpredictable in individual horses. Figure 3.1 illus-
trates the variability of heart rates and plasma lactate con-
centrations during treadmill exercise in horses that were
given four treadmill tests on consecutive days. Several studies
have shown that physiologic responses to treadmill exercise
do not replicate responses to field exercise. Heart rate (HR)
and plasma lactate concentrations in Standardbred horses
pulling a 10 kilopond draught load were lower on the tread-
mill than on the racetrack.2 It was also reported that HR and
blood lactate in trotters were lower during exercise on a level
treadmill than during exercise on a racetrack (Fig. 3.2).3

Heart rates were expressed as V200 and VHRmax, the veloc-
ities at which HRs were 200 beats per minute or had just
reached maximal HR. Blood lactates were expressed as V4,
the velocity at which blood lactate was 4 mmol/L. This value
is sometimes referred to as VLa4. Stride frequency was lower
and stride length was greater on the treadmill. Interestingly,
this study also showed that there were no differences in any
measurements on two sand tracks of 720 and 1250 m in
length. A study of ridden Warmblood horses also found that
heart rates and blood lactate concentrations were lower on
the level treadmill at speeds of 6.5–9.4 m/s compared with
exercise over ground. The treadmill speed had to be increased
by approximately 10% or the treadmill incline increased to
1–2% to give the same heart rates as in the field.4

Introduction

Exercise tests of equine athletes can be conducted in a treadmill
laboratory, or in the field. There are advantages and disadvan-
tages for conduct of exercise tests in both these locations. Field
investigations have the advantage of conduct of the test in the
environment likely to be used in competition. The surface, gaits
and speeds used in a field test are therefore more closely aligned
to the demands that horses face during exercise in the ‘real
world’. Field tests also account for the effects of jockey or driver.
These advantages can also be disadvantages, because they can
contribute to difficulties in standardization of field exercise
tests. This chapter presents some of the limitations of treadmill
exercise tests, and describes techniques that have been used for
field exercise tests in galloping, trotting and pacing horses. The
rationale for making the effort to perform field exercise tests is
discussed. There have been many remarkable field studies that
have measured the electrocardiogram, collected arterial blood
and measured tracheal pressures in galloping horses. However,
it is not the intention of this chapter to review in detail all
equine field studies. The scope of this chapter will be limited
mostly to field studies of cardiorespiratory function, and to the
use of field studies to conduct fitness tests in athletic horses.

Exercise testing in the field
David Evans
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Locomotion during treadmill exercise is quite different to
that on the track. As a consequence, even if horses are given
tasks on treadmills that produce similar HRs, their gaits may
be quite dissimilar. Stride frequencies at identical trot and
gallop speeds are greater on a racetrack.5 Design of treadmill
exercise tests to replicate field exercise therefore seems to be a
fruitless endeavor.

Treadmill exercise tests should be used when it is appropri-
ate to do so, and field exercise tests also have a role in the
management of athletic horses. In field tests, horses do not
need acclimation, and the exercise is conducted in the physi-
cal environment that is more closely matched to that used in
competition.

Field exercise tests

Heart rate and blood lactate measurements are the bases of
an exercise test for athletic horses. Heart rates are usually
expressed relative to a constant submaximal speed, such as

V200, the velocity at which heart rate is 200 beats per
minute. However, expression of the velocity at lower heart
rates is equally valid, and some studies have used V140 and
V170.

The blood lactate response to specific speeds of exercise
has also been used in numerous studies of field exercise
testing for assessing performance and fitness. Fitness has
usually been described with speed at a lactate concentration
of 4 mmol/L (VLa4). As the horse increases fitness, VLa4
increases. Alternatively, the blood lactate response to a single
episode of submaximal exercise can be used. This ‘one-step’
approach might be more applicable in field tests. It obviates
the need for time-consuming, standardized multiple incre-
ments of velocity, and the need for multiple collections of
blood via a catheter secured in the jugular vein or by repeated
venipuncture. Treadmill exercise tests have also measured
the lactate ‘break-point’, the velocity at which blood lactate
begins to accumulate in the blood,6 but there has been no
application of this technique in the field.

All exercise tests should attempt to answer a simple ques-
tion for a trainer or owner of the horse. Ideally the exercise
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Fig. 3.1
Heart rates and plasma lactate concentrations (mean ± SEM)
during treadmill exercise in six race horses that had four
sequential acclimating runs over a 4-day period. Note the
variability of heart rates during trotting at 4 m/s, and the high
variability of plasma lactates at all velocities. From King et al,1 with
permission.
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Mean ± SD heart rate (HR) and blood lactate concentrations in
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exercise tests performed on two different tracks (T1,T2) and 
on a non-inclined treadmill (T3).At each velocity, values with a
different letter are significantly different.The treadmill tests
produced lower HRs and blood lactate concentrations in most
cases. From Couroucé et al,3 with permission.



test should be designed to answer one or more of the follow-
ing questions:

1. Has the horse’s fitness changed with recent training?
2. Is the horse ‘fit’ for its next race, where fitness refers to a

horse that is healthy and suitably trained?
3. How does the fitness of horse A compare with horse B?
4. Does a horse with poor racing performance have subopti-

mal fitness?
5. Can an appropriate measure of fitness help with training

of race horses?
6. Does a horse with suboptimal or unexpectedly poor per-

formance have a disease? Is there evidence of a cardiac or
respiratory limitation to performance?

Exercise tests to help answer all of these questions necessitate
measurements of heart rate, oxygen uptake, and pulmonary
ventilation. Nonetheless, blood lactate and heart rate meas-
urements during or after suitable exercise tests can help with
answers to questions 1, 3, 4, and 5. In the following sections,
field exercise tests that have used heart rate and blood lactate
measurements in Standardbred and Thoroughbred horses
will be described.

There are several important principles to follow so that
field fitness tests provide meaningful results and answer one
or more of the above questions. First, the test protocol should
be simple. Multiple steps of increasing speeds of exercise are
frequently used in treadmill testing, but these forms of exer-
cise testing in the field may not be popular with trainers
because of the excessive time commitment. Exercise tests
should also be easy to implement, and ideally should not
disrupt normal training schedules.

There are several features of the exercise test that should
be maintained wherever possible. These include consistency
of:

1. Warm-up routine prior to testing
2. Rates and distances of acceleration during the exercise
3. Test distances or times
4. Speed during the exercise
5. Time after exercise at which blood is collected
6. Post-exercise activity
7. Environmental conditions.

The environmental conditions can be an important factor
during the conduct of field exercise tests.7 Heart rates and
other variables were compared under high and low ambient
temperature and relative humidity during a submaximal
incremental field exercise test in horses tested in summer and
in autumn. Heart rate was measured continuously, the other
variables at rest and immediately after 4 minutes at 3.5, 4.5
and 7.0 m/s, separated by 3 minute rest intervals, and after 5
and 10 minutes recovery. Heart rates were significantly
greater by a mean of 13 beats per minute during exercise in
the hot versus cool conditions. It was concluded that differ-
ences in environmental conditions can affect assessment of
exercise response. These factors must be considered when
using fitness tests in the field. Sudden changes in environ-
mental conditions might have considerable consequences for
heart rates during exercise.

There has been slow adoption of the use of field exercise
tests in commercial race-horse training establishments. Part
of the reason for the slow adoption of these techniques has
been the difficulty in the design and implementation of exer-
cise tests in the field. Treadmills are useful because they help
with the conduct of standardized exercise tests. However, 
few trainers use treadmills or have access to them.
Understandably, some trainers might also have reservations
about adopting new techniques that could disrupt busy train-
ing schedules.

However, many horse owners continue to be frustrated by
lack of information about the fitness and performance capac-
ity of their horses. Several recent studies have outlined new
methods of performing exercise tests on racetracks. Some of
these methods could easily be implemented in commercial
training environments, so that they are a part of the routine
management of the horses. The general approaches described
below for use of heart rate and blood lactate measurements
for fitness assessment can also be applied in endurance, event
and other athletic horses. Ergospirometry, the measurement
of breathing and oxygen uptake during exercise, is necessary
for an ideal exercise test, but the technology is not yet suitable
for routine use in the field.

Studies of heart rate 
in galloping horses

During the 1960s and 1970s, before the common availability
of high-speed treadmills at research centers, there were many
field studies with remarkable achievements. Telemetric elec-
trocardiography was used widely in the 1960s and 1970s to
study the HR and electrocardiogram (ECG) of race horses
during exercise on racetracks.8–13 Direct recording of the ECG
with an on-board tape recorder was also used to study the
heart rate during races.14 These studies described typical
heart rates during submaximal and maximal exercise in
Thoroughbreds and Standardbreds. Studies of training exer-
cise and races were included, as were descriptions of the
recovery of heart rate after field exercise. Studies of heart rate
were also combined with telemetry of arterial blood pressure
at speeds up to 800 m/min.15 These studies were mostly
descriptive, and did not focus on design of exercise tests.

An exercise test typically consists of several bouts of exer-
cise after a warm-up, which may or may not be separated by
a rest period. Heart rate is usually measured during the exer-
cise, and the velocity of each step of the exercise test is calcu-
lated by timing the event. The distances and durations of each
step used in field tests have varied widely. Blood samples can
be collected during rest periods after each step of the exercise
test. Figure 3.3 shows a continuous record of heart rate over
time during an exercise test in an Australian Thoroughbred
event horse.16 In this exercise test, each horse was exercised
over a 450 m distance at speeds of approximately 250, 300,
450, and 600 m/min. Horses were given a brief period of
walking between each step of the exercise test. Figure 3.4
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shows the use of a graph of heart rate and velocity for each
step of the test to produce the typical linear relationship
between heart rate and velocity. The graph also enables
calculation of V200, the exercise velocity resulting 
in a heart rate of 200 beats per minute.16 In this study of
17 horses, V200 ranged from 560 to 900 m/min. This wide
range could reflect differences in inherent fitness, and differ-
ences in fitness due to training. An increase in fitness results
in an increase in V200. Loss of fitness, cardiovascular and
respiratory disease, lameness, and an increase in bodyweight
could all cause a decrease in V200.

V200 can also be calculated with an incremental field
exercise test in Thoroughbred race horses.17 Commercial
heart rate meters that log heart rate continuously and enable
transfer of the data to a computer for analysis are suitable for
this purpose. The exercise test consisted of about 1000 m
trotting at 250 m/min, then galloping exercises at approx-

imately 400, 460, 550, and 660 m/min for 600–800 m at
each speed. Fine days and tracks in firm condition were used,
and velocity was measured by stopwatch every 200 m of
each step of the test. Mean HR and mean velocity were cal-
culated for each 200 m section of the test.

This exercise test was used to investigate the influence of
rider and track conditions, repeatability of V200 measure-
ments and the effects of training on V200.17 The HRs for the
different sections of each step of the exercise test were all
included, providing 17 HR and velocity measurements from
one test. Figure 3.5 shows the relationship between heart
rate and velocity in a Thoroughbred race horse using data
obtained with this type of field exercise test. The method used
in this exercise test has great potential. Use of a high number
of data points should enable easy identification of outliers,
and generation of a reliable line of best fit, as in Fig. 3.5. The
technique also shows that it is possible to generate excellent
HR–velocity relationships in field tests without use of proto-
cols that necessitate strict adherence to steps of an exercise
test with constant exercise speed. Trainers may more readily
adopt this technique because it does not necessitate changes
to training schedules, and it can be incorporated into the
usual daily training routine. The methodology in this study
demonstrates the importance of refining field exercise tests so
that they are easy to undertake. The usual treadmill model of
an exercise test, with an emphasis on 45–60 seconds of con-
stant velocity exercise in order to achieve steady state condi-
tions, may not be the most suitable method in the field.

The importance of taking into account the psychological
state of the horse was also demonstrated.17 In an excitable
state, the slope of the regression line of HR on velocity was
decreased because of high HRs during trotting. V200 was
thus falsely high. This finding emphasizes the need for careful
observation of horses during field exercise tests, and for ques-
tioning of trainers and jockeys concerning the emotional
state of the horse during exercise. If in doubt, calculation of
V200 should be delayed until the horse has completed a test
in a relaxed state. The correlation between 31 values for
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Fig. 3.3
Typical plot of heart rate versus time for the exercise test used in
Thoroughbred event horses.There is an overshoot of heart rate
at the commencement of the test (1 minute).The four heart rates
during the four steps of the exercise test were recorded at 4, 7, 9
and 12 minutes. From Serrano et al,16 with permission.
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velocity in a field exercise test used in two Thoroughbred 
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V200 measured on two consecutive days was 0.88.17 The dif-
ferences in V200 were in the range of 0–50 m/min. Precision
of V200 measurements in the field would probably be
increased by use of more than one exercise test, and inspec-
tion of scatter plots to discard obvious outliers. These results
suggest that the outliers will most likely be high HRs during
trotting which could indicate excitability. Figure 3.6 shows
the effect of excitability on heart rates during trotting, and
the effect on V200. High HRs in this study were also associ-
ated with gait changes that were not ‘smooth’, and with
phases of rapid acceleration. No major decisions about a
horse’s fitness or health should be based on the results of a
single exercise test. Ideally, horses should be tested regularly,
so that a record of results is established for an individual
horse. If there is some doubt concerning the results in an
individual exercise test, the test should be repeated.

As expected, the V200 was influenced by track type, with
lower values on sand tracks than on grass or wood.
Interestingly, the V200 was not significantly different in
horses ridden by light (55 kg) and heavy (70 kg) jockeys in a
crossover study.17 However, the mean V200 was 35 m/min
higher with light jockeys, and it seems sensible to avoid large
differences in field studies of ridden horses.

One important rationale for field exercise tests is to
accurately, reliably and precisely measure a variable or vari-
ables that indicate changes in state of training or health.
Field studies of fitness have demonstrated that V200 in
Thoroughbreds increased with training over a 5-month
period (Fig. 3.7).17 In 2-year-old horses, the average increase
in V200 over the period was approximately 65 m/min, an
increase of approximately 10%.

Telemetric electrocardiography has been used in combina-
tion with pneumotachography to measure heart rate, respira-
tory frequency, tidal volume, and respiratory gas flow rates in
four Thoroughbred horses during field exercise at a speed of
approximately 800 m/min.18 Heart rate was also measured by
telemetry during lunging exercise at the walk and trot, in com-
bination with breath-by-breath measurements of pulmonary
ventilation.19 Studies of minute ventilation, flow rates, respira-
tory times and flow volume loops were conducted in normal
horses and horses with airway diseases. Horses with bronchitis
had higher heart rates during exercise than normal horses, as
well as altered measurements of pulmonary ventilation. The
authors concluded that the technique had considerable poten-
tial for diagnosis and evaluation of therapies. However, there
has been little adoption of this method because of the limita-
tions of the technology for measuring breath-by-breath respira-
tory gas flow rates during field exercise.

The results of many studies have demonstrated that
higher than expected heart rates during submaximal exercise
may be an indication of one of the following:

1. Lameness, or another painful condition
2. Dehydration
3. Exercise conducted in hot conditions
4. A loss of fitness, due to detraining or inappropriate train-

ing
5. Respiratory disease
6. Cardiovascular disease, or anemia
7. Increased body mass, or a greater percentage of body-

weight as fat or water
8. A physiologically inferior horse, probably due to a rela-

tively small heart.

Ideal use of exercise tests therefore depends on regular use of
heart rate measurements during the training months.
Conduct of one exercise test in isolation is much less likely to
provide meaningful information. Comparison of current
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results with previous findings is most likely to give a trainer,
veterinarian or owner information that can help manage the
horse’s training program. As well, the finding of a high heart
rate during an exercise test may or may not indicate a
problem with fitness or health. High heart rates during exer-
cise, compared with recent findings in the same horse, are not
a diagnosis. However, they are a warning sign, and such
horses should be thoroughly examined to ascertain whether
or not there is a new clinical or other condition that could
explain the results. It is also best to be cautious about inter-
pretation of unexpected findings. Tests should always be
repeated if possible to confirm the validity of results.

Field tests of fitness in
Standardbred horses

Field tests with multiple speeds and blood collections have
been conducted in Standardbred trotters and pacers to assess
performance on the basis of HR and blood lactate measure-
ments. A simple exercise test for pacing horses consisted of
four steps of exercise over 1000 meters.20 Speeds of each step
were 450–550, 600–700, 700–800, and greater than
800 m/min. The horse walked for 3–5 minutes between each
of the four steps. Blood was collected into fluoride oxalate
tubes 3 minutes after each step. Heart rates were also
recorded during the exercise test to calculate V200. A plot of
speed versus blood lactate was drawn. By drawing a line hor-
izontal to the 4 mmol/L concentration, the VLa4 can be
directly calculated. It was observed that superior horses had a
lower blood lactate response to this exercise test.

In a study of Swedish Standardbred trotters, 10 horses
performed a similar submaximal test on a track. The test con-
sisted of five incremental heats at approximate speeds of 9.1,
9.5, 10.0, 10.5, and 11.1 m/s over 1000 meters. A blood
sample was drawn from the jugular vein for plasma lactate
analysis immediately after each heat. The plasma lactate
response to exercise differed between horses, but no correla-
tion was seen with a racing performance index in a small
number of horses.21

Studies of larger numbers of horses that have a large
range of racing abilities are more reliable. The relationship
between VLa4, age and racing performance of Standardbred
trotters has been investigated.22 A total of 159 horses per-
formed standardized exercise tests of three steps performed at
increasing speeds. The velocity of the horses was measured
with a tachometer on the sulky. Mean VLa4 values increased
significantly (P < 0.05) with age between 2 and 4 years.
Horses were defined as good performers (GP) when finishing
between first and fifth place in a race or poor performers (PP)
when finishing lower than fifth. VLa4 was significantly
higher for GP than for PP (P < 0.05).

The VLa4 measurement is therefore a valid measurement
for the evaluation of fitness in Standardbreds. The measure-
ment could help trainers and owners to make more informed
decisions about horses with poor performance, and assist

with overall management of the racing career of a horse.
Prospective owners may be more attracted to race-horse pur-
chase if reliable measurements of fitness and performance
capacity were more widely used. Veterinarians, trainers or
owners interested in using these tests in Standardbred horses
should develop their own exercise test routine on a single
racetrack. It should also be noted that blood lactate concen-
tration is likely to be increased by excitement during the test,
and by ‘pulling’, an inefficient gait due to effort expended
against restraint by the driver. Results from exercise tests in
which horses pull hard against a jockey or driver should be
regarded with suspicion, and the test repeated.

A review of exercise tests for French trotters exercising in
the field concluded that track testing provided a more limited
range of measurements than treadmill testing, but had the
advantage of being performed in the horse’s natural environ-
ment.23 Various measurements such as heart rate during
exercise and blood lactate concentration after exercise may be
measured on the track, enabling calculation of physiological
variables such as V200 and VLa4. Although VLa4 is calcu-
lated during submaximal intensity exercise, it is related to
racing performance and seems to be the most important
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measurement to assess changes in fitness.23 There is a
significant influence of age on measurements of heart rate
(V200) and VLa4 in trotters. Reference values for heart rate and
blood lactate responses to field exercise in French trotters of
varying fitness and age have been described.24 The use of a
graphical display of heart rate and blood lactate concentrations
at different speeds of field exercise to calculate V200 and V4 in
a trotting horse is illustrated in Fig. 3.8.23 This figure also shows
the typical effect of training on the relationships; both curves
shift to the right. Figure 3.9 shows the normal values for some
heart rate and plasma lactate indices in relation to exercise
velocity in trotters of various ages,24 and the influence of train-
ing is described in Fig. 3.10. High heart rates during field exer-
cise tests may be associated with lameness or respiratory
disease. The potential use of field exercise tests as an aid to the
clinical evaluation of athletic horses is illustrated in Fig. 3.11,
which shows the effect of subclinical respiratory disease on
heart rates and blood lactate concentrations during a submaxi-
mal field test in trotters.23

A submaximal field exercise test consisting of two bouts of
1600 meters has been used to assess fitness in Standardbred

pacing horses in two stables (A and B).25 Five minutes of rest
or walking between runs was allowed. Performance indices
were compiled for each horse: number of race starts, number
of race wins, number of race placings (1, 2 or 3), and lifetime
earnings. Regression analysis was conducted to describe the
relationship between plasma lactate concentrations and
speed for tests one, two, and pooled results. Using the regres-
sion equation, observed (measured) minus expected (pre-
dicted) (O – E) lactate concentrations for tests were calculated
and plotted against performance indices to determine their
relationship. The association between lactate and velocity for
the two tests was best described by exponential equations.
This study found no relationship in either stable between 
O – E and performance indices (number of race wins, number
of race placings, lifetime earnings and average $/start) for
test run one, two or pooled lactates. At one of the stables
there was a significant association between V4 (velocity pre-
dicted to produce a blood lactate concentration of 4 mmol/L)
and log lifetime earnings (r = 0.51, P = 0.05) and log average
$/start (r = 0.54, P = 0.04). There were no significant corre-
lations at the other stable. It was concluded that a two-step
determination method of V4 was a suitable method for studying
limits to performance in pacing Standardbred race horses. A
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major advantage of the technique used in this study was that
the test was easily incorporated into the normal training rou-
tines. It was also noted that the correlations might be higher if
studies of associations between fitness indices and performance
included more horses with a wider range of racing abilities.
Another limitation of such studies is that they do not include
horses that have been discarded from training due to poor per-
formance early in their racing career. More studies are needed of
the variability in fitness of young, unraced horses. Does fitness
in young unraced horses predict future racing performance? Is
the rate of change in fitness equal in all horses when they are
trained? Large-scale field studies may offer the best opportuni-
ties to investigate these questions.

Metabolic measurements
after maximal exercise

Tests of the blood lactate response to submaximal exercise
such as those described above are indications of endurance
ability, or stamina. Lactate tests measuring VLa4 or VLa10

(blood lactate at a velocity of 10 m/s) are unlikely to be highly
correlated with the ability of a horse to accelerate at the start
or finish of a race, or the ability of a horse to sprint
600–800 m.

High levels of ‘anaerobic stress’ are found in Thoroughbred
horses after approximately 50 seconds of maximal field exer-
cise.26 After only 400 metres of field exercise near racing
speeds the blood lactate concentration increased from less
than 1.0 mmol/L to over 14 mmol/L,27 values similar to con-
centrations found after races. This rapid increase in blood
lactate concentration during maximal exercise also occurs in
Standardbreds and polo horses.28 Measurement of the blood
lactate concentration after maximal exercise has been used to
estimate anaerobic capacity, defined as the ability of an indi-
vidual to resynthesize ATP via anaerobic metabolism.
Markers of anaerobic metabolism in skeletal muscle include
concentrations of plasma lactate and uric acid after maximal
exercise.29

The blood lactate concentration after maximal exercise to
fatigue does not change with submaximal treadmill exercise
training,30 or after high-intensity training.31 As well, the
blood lactate concentrations after maximal exercise were not
correlated with race performance in trotters32 or Thorough-
breds.33 This measurement is therefore not a useful marker of
fitness.

Relationships between racing performance and plasma
lactate and uric acid concentrations after racing were investi-
gated in pacing Standardbred race horses.34 Twenty horses
were tested after races of 1760 meters and 28 horses after
races over 2160 meters. Blood samples were taken 30–60
minutes before and 8 and 30 minutes after a race. There were
no significant differences between the race distances for pre-
race and 8 minute post-race plasma lactates. Significant low
correlations were obtained for plasma lactate concentration 
8 minutes post-race and the number of race wins (r = 0.29, 
P = 0.04), number of race placings (first, second or third) 
(r = 0.34, P = 0.02) and lifetime earnings (r = 0.29, 
P = 0.04). There were no significant correlations between
performance indices and plasma uric acid concentrations in
races of 1760 meters. For races of 2160 meters, correlations
were found between plasma uric acid concentration at 
8 minutes post-race and the number of race wins (r = 0.37, 
P = 0.06). As well, there was a significant correlation
between uric acid concentration at 8 minutes post-race and
lifetime earnings (r = 0.35, P = 0.07). These results imply
that only 10–15% of the variability in retrospective career
performance in pacing Standardbreds can be explained by
these metabolic markers of the muscle anaerobic response to
racing. Blood or plasma lactate and uric acid responses to
maximal exercise are not useful measures of fitness on their
own, but they could be included in multifactorial studies.

A study of the relationships between racing performance
and several physiologic measurements was also conducted in
25 Standardbred trotters.21 Blood samples and muscle biop-
sies were obtained 5–10 minutes after racing. The biopsies
were analyzed for fiber type composition and enzymatic
profile and blood samples for plasma lactate and ammonia
concentrations. Fiber type composition varied among horses
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(range 9–27% for type I, 32–54% for type IIA, and 27–46%
for type IIB). Fiber type composition, muscle enzyme activi-
ties, plasma lactate and ammonia responses to racing were
not correlated to a racing performance index.

The rate of accumulation of lactate in blood during
maximal field exercise over distances up to 400 meters is
closely related to speed in Standardbred, Thoroughbred and
polo horses.28 It was suggested that this lactate measurement
could be a useful index of fitness. However, it is unlikely that
any physiologic measurement after brief, maximal intensity
exercise to estimate anaerobic capacity will be more closely
correlated with fitness than a simple measurement of
maximal speed during 40–50 seconds of exercise. In conclu-
sion, the blood lactate response to maximal exercise has
limited usefulness as a measure of fitness in horses. However,
the blood lactate response to moderate, or submaximal speed
exercise, expressed as VLa4 or another similar index, is a
useful technique for differentiating poor performers and good
performers, and for monitoring the changes in fitness during
training programs.

Blood lactate
measurements in
submaximal field tests of
fitness in Thoroughbreds

A major difficulty with field exercise tests has been control of
the exercise performed by the horse. Ideal standardized tests
necessitate control of exercise speeds, duration of exercise,
and rates of acceleration. Use of stepwise exercise tests has
been usual in treadmill studies, with incremental speeds used.
Such tests enable descriptions of the relationships between
speed and variables such as heart rate, blood lactate concen-
tration, and oxygen consumption. Field exercise tests of this
sort are not very practical for Thoroughbred race horses, and
alternative methods are needed. Conduct of racetrack exer-
cise tests for measurement of VLa4 or VLa10 is especially
problematic in Thoroughbreds because it is difficult to obtain
constant track conditions and constant speeds during exer-
cise. Measurement of the lactate responses to a single or pair
of exercise bouts could be a superior approach to field exercise
testing in Thoroughbreds.

A standardized, two-step exercise test has been used to
investigate the blood lactate running speed relationship in
nine Thoroughbred race horses.35 Each horse completed a
two-speed field test at intervals of 6–8 weeks to determine the
running velocity (v) that resulted in blood lactate concentra-
tions of 4 (v(4)) and 12 mmol/L (v(12)). Changes of v(4) and
v(12) in a horse between two consecutive tests were used to
assess the effects of training history. The percentage of days
with gallop workouts between two consecutive tests showed 
a significant correlation with changes in v(4) (r = 0.71, 
P < 0.01) and v(12) (r = 0.56, P < 0.05). The number of
gallop workouts (r = 0.60, P < 0.05) and the total time of

training (r = 0.58, P < 0.05) also correlated with the change
of v(4). Furthermore the percentage of days without training
was negatively correlated to changes of v(4) (r = – 0.75, 
P < 0.01) and v(12) (r = – 0.56, P < 0.05). These results
imply that increases in fitness, as measured with the blood
lactate response to submaximal exercise in a two-step field
test, are more likely in Thoroughbred horses that have more
galloping than trotting exercise, and have a higher number of
gallops in a time period. More days without training was
associated with reduced fitness, and more training at higher
speeds was associated with greater fitness.

An alternative approach is to determine the blood lactate
concentration during a single bout of strenuous, submaximal
exercise. An appropriate speed of the exercise must be chosen.
The aim is to have an exercise test that is demanding for some
horses, but achieved easily in others. Typical speeds for such
tests are 800 meters in 65–70 seconds in a Standardbred
horse,20 and in 55–60 seconds in Thoroughbreds.36 These
speeds would need to be confirmed in an individual stable,
because they will depend on the quality of horses being
trained, and possibly on track size and surface conditions.

The use of a single blood lactate measurement after exer-
cise has been validated as a measure of racing ability in
Thoroughbred horses, and as a simple method of monitoring
responses to treadmill training. A correlation of over 0.6 was
found between retrospective career racing performance in
Thoroughbreds, and blood lactate concentration 2 minutes
after treadmill exercise at 10 m/s.33 During a treadmill train-
ing program, the blood lactate concentration after treadmill
exercise at 9 m/s gradually decreased over 9 weeks of train-
ing.30 This response was similar to changes in VLa4. These
results suggest that exercise tests with multiple steps may not
be absolutely necessary for fitness evaluation in horses, and
that measurement of the blood lactate concentration after a
standardized, one-step test may suffice.

The feasibility of a one-step field test for assessment of
fitness in Thoroughbred horses has been investigated.36 Each
horse completed a 1000 m warm-up at a slow trot of approx-
imately 3–4 m/s prior to each test. Subsequently the horses
completed an 800 m gallop with jockeys instructed to main-
tain a constant running speed in the range of 13 to 16 m/s.
This range of speeds was selected as they correspond with the
speeds frequently used in training Thoroughbreds on
Australian tracks. The time for the 800 m and each of the
four 200 m sections was obtained by stop-watch. All timing
was conducted from the same position at each track by the
same observer. Speed was determined from the total time for
the 800 m gallop. At the completion of each gallop, the horse
was trotted for 5 min, and then jugular venous blood was col-
lected for blood lactate assays.

After inspection of the scatter plots of the relationships
between blood lactate concentration and velocity for data
from each racetrack, regression analyses were conducted to
describe the line of best fit. Figure 3.12 shows the relationship
between blood lactate after field exercise and exercise velocity
on a sand racetrack in 21 trained Thoroughbred race
horses.36 The variability of the velocity during the exercise
tests was expressed as the coefficient of variation (CV) of the
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times for the four 200 m sections of the exercise test. In
horses tested more than once the result from the exercise test
with the lowest CV was used in the regression analysis.
Exercise tests were conducted at velocities in the range 13.2
to 15.9 m/s, and resulted in post-exercise blood lactate con-
centrations in the range 5.0 to 16.1 mmol/L. The mean
speeds of the four consecutive 200 m sections of the exercise
tests on the sand racetrack were 13.5, 14.6, 14.5, and
14.9 m/s. The jockeys were clearly unable to maintain a con-
stant speed during the 800 m test.

A single step test that takes into account variability of
velocity within a test, and is based on calculation of the dif-
ference between the measured and predicted lactate concen-
tration, has potential application in field evaluations of
fitness in Thoroughbred horses. Further studies are required
to investigate whether the difference between the blood
lactate response to exercise in an individual horse and the
predicted concentration in a reference population is an accu-
rate and reliable correlate of racing performance. Changes in
this difference could also reflect changes in fitness over time.

The use of the difference between the measured and pre-
dicted lactate concentration as an index of the lactate
response to exercise obviates the need for strict control over
the target speed during the conduct of a field exercise test.
Potentially it could be possible to conduct tests at any speed in
an appropriate range, and compare the measured lactate
concentration with the predicted concentration based on the
equation for the line of best fit. This approach enables horses
to be tested at different speeds, and comparisons between
individual responses to exercise can be based on the rating.
Superior English Thoroughbred race horses had a low blood
lactate response to a single bout of exercise.33 Therefore it
could be expected that horses that consistently give a high
‘rating’ (that is, a high positive difference between measured
and the predicted lactate concentration) could be expected to
race poorly. Superior training in an individual horse should

reduce the difference between measured and expected blood
lactate concentrations.

The validity of results could be improved with some
refinement of the technique. Accuracy and reliability of
measurements could be improved if velocity did not increase
during the exercise test. Anxiety or fear could also contribute
to the variance, and these factors may not always be easy to
recognize. The confounding effect of increases in speed may
be more important in field tests that measure blood lactate
concentration than in tests that measure heart rate, because
the increase in speed can be related to the higher heart rate
when the data are analyzed, as demonstrated in a study with
Thoroughbred horses.17

A simple field exercise test for event horses has been
described.37 In this test, horses warmed up with 5 minutes of
walking and then 6 minutes of trotting. Horses then galloped
400 m, 500 m, 600 m and 700 m/min over 1000 m with
5 min walking between these steps. This format enabled
measurement of heart rates and blood lactate concentrations
at each velocity of the exercise test, and calculation of V200
and VLa4. Such a test also assists horse trainers because it
enables calculation of the velocity needed to train horses at a
predetermined heart rate or blood lactate concentration.

A field exercise test with three steps was used with eight
French Thoroughbred horses in France to investigate the use
of heart rate measurements during and after track exercise as
a suitable measure of changes in fitness.38 The test consisted
of a warm-up followed by three 3 min steps, one cantering
and two galloping, followed by a recovery period. Heart rate
was recorded during the entire test, and blood samples were
taken during the 2 min rest periods following each step, and
after the recovery period for the measurement of lactate con-
centrations. Fitness was described by the relationships
between lactate concentrations, heart rate and velocity. The
authors concluded that the efficiency score and the cardiac
recovery index were good indicators of potential speed.

Total red cell volume
measurements

Total red cell volume expresses the volume of erythrocytes in
the circulation of the horse, including the volume in the
spleen. Its measurement with dye dilution methods necessi-
tates measurement of plasma volume and the induction of
splenic contraction before the hematocrit (PCV) is measured,
so that red cells sequestered in the spleen at rest are also
measured. Splenic contraction has been induced by adrena-
line (epinephrine) injections and moderately intense exer-
cise.39 Total red cell volume relative to bodyweight was
significantly correlated with maximal trotting speed over
1000 m in 35 Swedish trotters (r = 0.68, P < 0.001).40 These
results suggest that this measurement is an important factor
in the ability to trot rapidly, but there have been no studies of
the relationship in other breeds. Unfortunately measurement
of the total red cell volume in horses with a dye dilution
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technique is not a simple procedure that can be readily
applied in veterinary practice.

The hematocrit after maximal exercise in Thoroughbreds,
which ranges from 60 to 70%, was not correlated with
Timeform rating (a commercial measurement of relative
racing ability) in English Thoroughbreds. It is not a valid
fitness measurement.33 However, the hematocrit can be
measured after maximal exercise if results of resting hema-
tology suggest that a horse is anemic. PCV should be greater
than approximately 55% immediately after maximal exercise
in trained Thoroughbreds. In Standardbred race horses over-
training was associated with a decrease in PCV measured
after a 2400 meter time trial at maximal speed. Mean values
were 56% in control horses and 52% in overtrained horses.41

Total red cell volume did not decrease during overtraining, so
the decrease in PCV may have reflected the decrease in veloc-
ity of the horses during the time trial, rather than a true
decrease in the total red cell volume. A treadmill study has
also found that onset of overtraining was not associated with
red cell hypervolemia.42

Measurements of the hormonal response to intense exer-
cise may be more useful for identifying the overtrained horse.
Overtraining was associated with a decrease in the cortisol
concentration measured after a maximal field exercise test in
Standardbred pacers.41 The exercise test consisted of 1200
meters pacing in 105 seconds, and then completion of the fol-
lowing 1200 meters in the fastest time possible. A decreased
cortisol response to maximal exercise in the overtrained state
was also found in a treadmill study of Standardbred horses.43

The mean peak cortisol concentrations after intense treadmill
exercise were 320 nmol/L before overtraining, and had
decreased to 245 nmol/L when horses were overtrained.
Overtraining should be suspected in horses with evidence of
decreased performance in association with decreased body-
weight and plasma cortisol response to a standardized
maximal or near-maximal velocity exercise.

Measurement of oxygen
uptake in field exercise

Oxygen uptake is a fundamental measurement in any exer-
cise test. It describes the rate of oxygen use in liters per
minute, and is usually expressed relative to body mass.
Calculation of oxygen uptake in the field necessitates meas-
urements of air flow rates during breathing, and of oxygen
and carbon dioxide concentrations in expired respiratory gas.
The horse must wear a mask over its nose or face to enable
these measurements. The technique is referred to as
ergospirometry. In horses during maximal exercise, respira-
tory rates often exceed 120 per minute, and over 1500 liters
of air are breathed per minute, at peak flow rates of
30–40 L/s or more at each nostril. Measurement of breath-
ing (minute ventilation) and expired gas concentrations
during intense exercise in horses is obviously a considerable
technical problem, especially in the field.

Rates of oxygen uptake during submaximal exercise will
depend on gait, economy of locomotion, body mass, and
other factors. The maximal rate of oxygen uptake is the gold
standard measurement for aerobic capacity. It is primarily
limited by the maximal heart rate and cardiac stroke volume
during exercise. A cardiac limit to performance can be best
evaluated by measurement of oxygen pulse, the volume of
oxygen ejected with each ventricular contraction. This meas-
urement necessitates simultaneous measurement of oxygen
uptake and heart rate during exercise.

A landmark study of heart rate, breathing and oxygen
uptake in two trotters was conducted in Russia.44 A truck
carried equipment beside the trotting horses, which com-
pleted a stepwise exercise test with peak speeds of 11 m/s.
Notable findings during exercise at 11 m/s were tidal volumes
of 17 liters, pulmonary ventilation of 1200 L/min, and peak
oxygen uptake of 64 L/min with a respiratory exchange ratio
of 1.0.

The horse plus vehicle approach to field ergometry was
also used in a study of four Quarter horses, one Appaloosa
and one Thoroughbred at speeds ranging from 40 to
390 m/min, with and without a rider.45 A tractor was used to
pull a wagon, and on the wagon were the calorimeter and a
gasoline generator. This study was conducted to enable calcu-
lation of the digestible energy intake needed to support the
demands of exercise.

Field ergospirometry was described in 23 riding horses at a
walk, trot and gallop, using an on-board oxygen sensor.46 The
key measurements of an ideal clinical exercise test were
reported: heart rate, oxygen uptake, pulmonary ventilation,
ventilatory equivalent for oxygen, oxygen pulse and economy
of locomotion. The synchrony of stride and locomotion was
noted, as was the transitory effect of swallowing on breath-
ing. The limitation of the performance of the pneumo-
tachometer and response times of the oxygen sensor probably
precluded measurements at maximal speeds.

Field ergospirometry and blood lactate measurements
were conducted in 12 Warmbloods in order to calculate the
ratios of aerobic and anaerobic contributions to total energy
output at speeds up to approximately 500 m/min.47 Aliquots
of expired gas were collected via tubes in the face mask, and
the rider manipulated the bags that were used to collect the
gas at each step of the exercise test. Oxygen debt was calcu-
lated from the oxygen uptake measurements made for 
10 minutes after exercise, minus values before exercise. 
This value was referred to as the anaerobic contribution to
energy output. It was reported that the percentages of energy
expenditure that were anaerobic were 1%, 3%, 19%, and
30% at speeds of 100, 250, 350, and 530 m/min. This
technology has not yet reported measurement of maximal
oxygen uptake.

Breath-by-breath pneumotachography for clinical appraisal
during field tests of ridden horses has made little progress in the
last 20 years. A major technical challenge remains: specifically
simultaneous measurement of heart rate, oxygen uptake and
pulmonary ventilation during submaximal and maximal field
exercise. Coupling of measurements of heart rate, breathing
(pulmonary ventilation) and oxygen uptake during field
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exercise will be a powerful technique for advancing knowledge
in equine exercise physiology.

Tracheal stethoscopy

The use of tracheal stethoscopy in the field for the investiga-
tion of respiratory sounds in the horse has been described.48

This technique has been used for the investigation of upper
respiratory conditions such as idiopathic laryngeal hemiple-
gia. The technique has existed for many years, but has yet to
find a place in routine clinical exercise testing in the field.

Conclusion

Heart rate and blood lactate measurements during standard-
ized field exercise tests are relevant to the management of all
athletic horses. These measurements can assist with per-
formance prediction and evaluation of fitness changes, and
can be used to alert owners and trainers to problems such as
lameness and respiratory disease. More effort is needed to
adapt new technologies and refine approaches to design of
field exercise tests. It is unlikely that veterinarians, trainers or
owners will be enthusiastic about equine fitness testing if the
focus is not on simple approaches to field exercise tests.
Simple tests, measuring the things that matter, is the
approach in field studies in human sports laboratories. Heart
rate and blood lactate measurements feature prominently in
human field studies. Progress in technology transfer of
applied exercise physiology might be greater if there was
greater emphasis on field methods, using minimally invasive
techniques. Every fitness test should answer a specific ques-
tion, and results should be expressed in a way that helps a vet-
erinarian, trainer or owner make more informed decisions
about the training, fitness, health or management of horses.

A promising new technique for field fitness tests could be
use of heart rate measurements in combination with meas-
urement of velocity with differential global position system
technology. Simultaneous logging of a horse’s heart rate and
velocity could be a powerful technique for field exercise tests.

The reliance on treadmills for most equine exercise
research may have contributed to poor rates of technology
transfer to equine veterinarians, trainers and horse owners.
There are few established equine performance laboratories in
the world, and many are located at considerable distances
from racing populations. There will never be enough univer-
sity-based treadmills to service all horses with sufficient facil-
ities for fitness tests. Development of simple and user-friendly
techniques for exercise studies of horses that do not depend
on treadmills would therefore be a major advance.

New partnerships between equine exercise scientists and
biomedical engineers could also generate new technologies
for field studies. For example, field studies of breath-by-breath
respiratory gas flows, and field ergometry, should be possible,

building on the innovative studies performed in Germany.18,46

The techniques for field ergomety have been developed for
human athletes, and could be refined for use in horses.
However, the technical challenge of reliably and accurately
measuring respiratory flow rates of over 100 L/s in a horse
galloping in the field at 1000 m/min has yet to be conquered.
Field ergometry, coupled with measurements of heart rate,
respiratory function and metabolic responses to exercise,
would enable new fundamental studies in many areas of
equine exercise physiology. Descriptions of the metabolic and
energetic demands of different athletic events would be possi-
ble, and design of appropriate training programs would be
facilitated. As well, clinical exercise testing would be more
likely to be adopted by trainers and owners. Such ‘high tech’
clinical exercise tests would contribute to greater knowledge
concerning limits to performance in different events (such as
anaerobic or aerobic capacity, and maximal rates of oxygen
uptake). Greater rates of technology transfer to industry par-
ticipants are likely if researchers increase their use of normal
horses in commercial training, and if technical developments
free researchers from the constraints and limitations of tread-
mill fitness tests.
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Upper respiratory tract

Laryngeal hemiplegia (LH)

History

The most common complaints associated with LH are exer-
cise intolerance and a high frequency inspiratory noise.
Horses with LH are more commonly affected on the left
side.1,2 These horses typically have a grade III or grade IV LH,
using the grading system previously published.8

Physical and videoendoscopic examination

Palpation of the larynx may be informative, as the muscular
process can frequently be palpated secondary to atrophy of
the cricoarytenoid dorsalis muscle. On resting endoscopic

Introduction

Determining the cause of poor performance in equine ath-
letes is difficult because many of the problems that cause poor
performance are manifested only at medium- or high-speed
exercise, and horses with poor performance may have multi-
ple concurrent problems.1,2 Comprehensive testing is often
necessary to ascertain the definitive cause of poor perform-
ance. Traditional methods of evaluating horses with poor
performance include performing a complete physical exam-
ination, a thorough lameness evaluation, and various
clinicopathologic tests. However, the development of tech-
niques for performing videoendoscopy during high-speed
treadmill (HSTM) exercise, using telemetry to record exercis-
ing electrocardiograms, arterial blood gas sampling during
exercise, post-exercise tracheal wash or bronchoalveolar
lavage sampling for cytologic evaluation, and performing
echocardiography immediately post-exercise, have combined
to add a new dimension to the examination of horses with
poor performance.2–7 It is well known that multiple body
systems may contribute to performance problems, including
abnormalities of the upper respiratory tract, lower respira-
tory tract, cardiovascular, and musculoskeletal systems, as
well as subclinical myopathies.7

Chapter 2 provided an overview of the diagnostic
approach to poor performance in the horse, including the use
of treadmill exercise testing. The purpose of this chapter is to
describe the more common causes of poor athletic perform-
ance in the horse. The reader is referred to other chapters in
this book for more complete description of the diagnosis and
treatment of the conditions discussed.
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Fig. 4.1
Normal endoscopic
appearance of pharyngeal
and laryngeal structures. E,
epiglottis; S, pharyngeal
surface of the soft palate;
A, right arytenoid cartilage;
V, left vocal fold.

Fig. 4.2
Endoscopic appearance of
pharyngeal and laryngeal
structures of a horse at
rest with grade III left
laryngeal hemiplegia.



evaluation, the arytenoid may be paralyzed or hang slightly
in the airway (Figs 4.1–4.3). These horses are good candi-
dates for treadmill evaluation because function during
strenuous exercise helps to select the patients in which
surgical correction is most likely to be successful.8

Treatment

Surgical intervention is the treatment of choice for LH when
the arytenoid collapses into the airway (grade IIIC, grade IV).
This may include placement of a prosthesis alone, or in com-
bination with a ventricular saculectomy or cordectomy.9,10

Surgical correction of grade II or IIIA or B is most often
unsuccessful. Ideal surgical candidates are those with either
grade IIIC or grade IV LH. Reported surgical success rate for
grade IIIA and IIIB is 20–25%, versus 70–75% for grade IIIC
and grade IV.3 Horses with incomplete collapse of the affected
arytenoid should continue to race or train until they become
a grade III or IV. Attempts at cutting the recurrent laryngeal
nerve in horses with partial collapse of the arytenoid to
hasten progression to grade III or IV have met with limited
success.

Prognosis

Treatment of uncomplicated LH carries a good prognosis for
return to work and decrease in exercise intolerance, although
some horses will continue to make an abnormal respiratory
noise.10

Retroversion of the epiglottis

History

Horses have a history of significant exercise intolerance and
of making a very loud gurgling, honking noise at medium to
high speed.11,12 This condition is uncommon, occurring in
only 10 of 2100 horses examined at the University of
Pennsylvania, New Bolton Center between 1992 and 2002.

Videoendoscopic examination

The resting videoendoscopic examination is usually normal,
while videoendoscopy during exercise reveals an epiglottis
that curls up in the center and rises directly dorsally to

occlude most of the airway during inspiration (Fig. 4.4).
There is a characteristic inspiratory noise.

Treatment

Several surgical treatments have been attempted including
epiglottectomy, augmentation of the epiglottis, and place-
ment of a suture to mimic the genio-hyoideus muscle.11 The
latter appears to have some promise, while the first two tech-
niques have not been useful in the management of this
condition.

Prognosis

The prognosis for return to previous performance ability is
poor. Horses may, however, be used as pleasure horses that
exercise at low to medium intensity.

Dorsal displacement of the soft palate
(DDSP)

History

Most horses have a history of racing well for three-quarters of
a mile, making an expiratory gurgling noise and slowing
down rapidly. These two historical facts lead many clinicians
to make a presumptive diagnosis of DDSP. Endoscopic exami-
nation immediately after racing or training is usually unre-
warding. DDSP is the most common pharyngeal dysfunction
in racing horses. Sport horses may also be hindered with
DDSP. Retrospective analysis of 80 sport horses presented for
poor performance identified this abnormality in six horses.12

Videoendoscopic examination

Resting videoendoscopy may be normal or suggestive of a
problem. Examination of the pharynx during occlusion of
the nostrils can provide useful diagnostic information. In par-
ticular, the time taken for the palate to displace and then
return to its normal position should be noted. Prolonged dis-
placement is suggestive of DDSP. After the endoscope has
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Fig. 4.3
Endoscopic view of
pharyngeal and laryngeal
structures of a horse 
60 minutes post-exercise
with grade IV laryngeal
hemiplegia. Note frank
hemorrhage suggestive of
acute exercise-induced
pulmonary hemorrhage
(EIPH) (arrow).

A B

Fig. 4.4
Endoscopic view showing retroversion of the epiglottis during
high-speed treadmill exercise upon exhalation (A) and inhalation
(B).



been removed from the trachea during examinination for tra-
cheal mucus or blood, horses will frequently displace and
then quickly replace the palate. This examination often pro-
vides an opportunity to examine the free border of the palate
for ulcers or evidence of a previous surgery (notch or scar).
Some practitioners feel that there is an association between
an ulcer of the soft palate free border and DDSP during high-
speed exercise. However, this is not a consistent finding in
horses subjected to treadmill evaluation. DDSP (Fig. 4.5) may
or may not be evident during a single exercising videoendo-
scopic examination; exercise to fatigue may be necessary to
demonstrate the abnormality in some horses. Thirty to
thirty-eight percent of horses may not make a respiratory
noise during displacement, making diagnosis difficult.5,13

DDSP can occur alone or in combination with other abnor-
malities. In one study, when DDSP occurred it was observed
alone in 49% of horses and combined with at least one other
abnormality in 51% of horses.13

Treatment

Surgical intervention is usually recommended when conser-
vative management treatments, such as a tongue-tie, figure
eight nose band, overcheck, can, spoon bit or anti-inflamma-
tory throat sprays, have been unsuccessful. Various surgical
interventions have been used in the treatment of DDSP,
including radical myectomy,14 sternothyroideus myotomy,15

sternothyrohyoideus myectomy,16 or staphylectomy,17 with
success reported to be 60–64%.13–17 Because DDSP fre-
quently occurs with other upper respiratory tract (URT) dis-
eases, it is imperative that other upper respiratory conditions
be identified and treated.1,13

Prognosis

The prognosis is guarded for successful return to athletic
performance.

Axial deviation of the aryepiglottic
folds (ADAF)

History

Horses with ADAF have a history of exercise intolerance and
usually make a medium frequency, inspiratory noise during

exercise. ADAF occurs only at high speed and is characterized
by axial collapse of the membranous fold extending between
the corniculate process of the arytenoid cartilage and the
lateral edge of the epiglottis (Fig. 4.6).18 Some consider that
ADAF represents a manifestation of the dysfunction that
results in intermittent dorsal displacement of the soft palate
(DDSP), but this remains uncertain.18 ADAF occurred in 6%
of cases examined videoendoscopically during a high-speed
treadmill examination, and when ADAF was observed, it
occurred alone in 64% of horses and in combination with
another upper airway abnormality in 36% of horses.1,18

Videoendoscopic examination

Resting videoendoscopy is usually normal. Exercising
videoendoscopic examination reveals collapse of the
aryepiglottic folds (Fig. 4.6) alone or in combination with
other URT abnormalities.

Treatment

Trans-endoscopic laser resection of the aryepiglottic folds is
considered to be the treatment of choice.18 Seventy-five
percent of horses that received laser resection of the
aryepiglottic folds successfully returned to racing 3 weeks to
3 months following treatment. However, with conservative
treatment consisting of 2–12 months’ rest, 50% of the horses
in a recent study returned to successful racing.

Prognosis

The prognosis is excellent in ADAF alone. The prognosis with
combined abnormalities is dependent upon the specific
abnormalities.

Pharyngeal collapse (PC)

History

Horses with PC have a history of moderate to severe exercise
intolerance and a low frequency, raspy inspiratory or roaring
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Fig. 4.5
Endoscopic view of a dorsally
displaced soft palate (DDSP) at
rest.The pharyngeal surface of
the soft palate (S) and the
arytenoid cartilages (right,A;
left, B) are shown.
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Fig. 4.6
Endoscopic view of axial deviation of aryepiglottic folds (ADAF)
during high-speed treadmill exercise during exhalation (A) and
inhalation (B).



noise. This abnormality has been identified in race horses5

and sport horses,12 and in 11.5% and 27% of horses com-
pleting a high-speed treadmill evaluation.

Videoendoscopic examination

As PC can only be identified during exercise,5 a high-speed
treadmill examination is required for diagnosis. Video-
endoscopically, pharyngeal collapse can be classified as
dorsal, lateral or circumferential (Fig. 4.7).12 Severely
affected horses struggle and it may be necessary to stop the
test early. Elevated head and neck carriage such as that seen
in Hackney ponies or American Saddlebreds can further
increase the severity of PC.

Treatment

Conservative management of long-term rest (4–6 months),
non-steroidal anti-inflammatory medication and a short
course of oral corticosteroids may be successful in young,
immature horses. The disease is most often career-ending in
older (> 3 years old) race horses and sport horses. In horses
that are maximally collected or have significant flexion of the
neck during exercise (Hackneys, American Saddlebreds) it
may be necessary to change careers.

Prognosis

In moderate to severe cases, the prognosis for any type of
strenuous performance is poor. In rare instances, a young
horse may mature out of the problem. In older horses, return
to prior function is unlikely.

Lower respiratory tract

Lower respiratory tract (LRT) diseases can affect horses of
any breed or discipline. In performance horses, exercise-
induced pulmonary hemorrhage (EIPH) and inflammatory

airway disease (IAD) are the two most common LRT dis-
eases.19 EIPH has been reported in 60–100% of performance
horses.19,20 IAD has been reported in 20–76% of horses
receiving an endoscopic examination and transtracheal aspi-
rate21 or tracheal wash via the endoscope.19 Certainly, many
other LRT diseases/abnormalities are observed in horses.
However, most of these are associated with generalized illness
rather than non-specific complaints of ‘poor athletic
performance’.

History

Signs of EIPH can include epistaxis (rarely) after exercise22 or,
quite commonly, blood observed in the trachea post-
exercise.23–26 Coughing, increased swallowing, and/or pro-
longed recovery from exercise may occur following EIPH, but
most often no signs are apparent. Signs of IAD in race horses
(generally younger athletic animals subject to bouts of
intense exercise) include coughing, mucus accumulation in
the airways, exercise intolerance, prolonged recovery from
exercise, nasal discharge, and worsening of signs when the
weather is very hot, humid or cold. Perhaps the most
common sign of IAD is exercise intolerance with or without
other signs of respiratory disease.27 Horses often have a
history of fading at the 3/4 pole or in the home stretch.27

EIPH and IAD may exist separately or together, and may
occur with or without URT and/or cardiac dysfunction.

Physical examination

Often there are no abnormal findings during a resting physi-
cal examination. Horses with EIPH or IAD may or may not
have abnormal lung sounds and a cough may or may not be
elicited in horses with IAD. Some horses with a history of
sudden, profuse epistaxis have been shown to have atrial
fibrillation. Careful auscultation of the heart must be per-
formed as a number of cardiac abnormalities can cause or
exacerbate pulmonary problems.

Diagnostic tests

Both EIPH and IAD are best evaluated endoscopically follow-
ing exercise. Blood visualized in the trachea and/or bronchi,
or erythrocytes in tracheal or bronchoalveolar lavage (BAL)
fluid, indicate EIPH. Although not directly diagnostic, visual-
ization of large quantities of mucus in the airways is gener-
ally considered suggestive of IAD.19,27

Cytologic evaluation of samples obtained from the trachea
or lower airways can often be of use in diagnosing pulmonary
abnormalities. Lavage fluid may be collected from the trachea
percutaneously or via an endoscope (transtracheal wash:
TTW) or from the bronchial-alveolar regions (BAL). The ideal
time for collecting post-exercise TTW and/or BAL samples is
still debated, but most studies indicate that samples collected
45–90 minutes following exercise are the most suitable.28

Numerous erythrocytes, in the absence of trauma, in lavage
fluid (either TTW or BAL) indicate acute EIPH.29 Hemo-
siderophages in lavage fluid indicate previous bleeding into
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Fig. 4.7
Endoscopic view showing pharyngeal collapse (PC) during high-
speed treadmill exercise.A, during exhalation, B, during inhalation.



the airways, and, in horses in active competition, this finding
is considered indicative of previous (in the past 1–21 days)
episodes of EIPH.19

Normal values for differential cytologic evaluation of TTW
and BAL fluids are presented in Chapter 2. Although the
interpretation of differential cytologies in samples of lung
fluid is still debated, an increase in the number or percentage
(> 30%) of neutrophils is considered suggestive of IAD.19,27

As outlined in Chapter 2, systemic arterial blood samples
can be used to evaluate lower airway function, as well as the
functional significance of abnormalities in other body
systems. While not specifically indicative of lung abnormal-
ities, taken in conjunction with other clinical data, arterial
blood gases can be of clinical importance and aid in diagno-
sis. It is important to keep in mind that arterial oxygen partial
pressure (PaO2) significantly lower than expected during exer-
cise can occur not only from altered lower airway gas
exchange, but also from reduced ventilation secondary to
upper airway obstructions. Similar caveats are necessary
when evaluating other arterial blood parameters. Thus, arte-
rial blood gas values must be interpreted in light of results
from the diagnostic tests pertaining to other body systems.30

Treatment

Treatment for EIPH has included the use of environmental
management, pre-race administration of furosemide
(frusemide), vitamin C, conjugated estrogens, vasodilators,
and nasal strips. The effect of any of these treatments on
EIPH remains controversial.20,23 Treatment for IAD has two
goals. The first is to decrease inflammation and the second is
to increase the diameter of the distal airways. These goals are
accomplished via the administration of inhaled cortico-
steroids and bronchodilators. These medications may be
administered using several metered dose inhaler (MDI)
systems (Equine AeroMask, Torpex, and the Equine Haler).
The most versatile of these is the AeroMask, as it can deliver
medication via MDI devices, nebulizer solution or dry powder
inhaler. The Torpex device presently is used only to deliver
albuterol sulfate. The Equine Haler can deliver any
aerosolized drug using human MDI devices.31

Prognosis

Recent reports suggest that EIPH occurs in most, if not all,
race horses.23 Thus, simply finding evidence of EIPH does not
suggest a reduced prognosis for future performance.
However, the effects of repeated episodes of EIPH have yet to
be critically evaluated. The current supposition is that each
episode of EIPH results in increased scarring of the lung,
leading to reduced gas exchange potential and thus reduced
athletic potential. At the present time, no data exist that
directly demonstrate any chronic effects of EIPH on athletic
performance. Although epistaxis has not been positively cor-
related with the severity of EIPH, the general perception is
that epistaxis indicates severe EIPH. Horses in which repeated
episodes of epistaxis have been observed are generally retired
from athletic competition.

The prognosis for managing early-recognized IAD is good.
Treatment with bronchodilators and local anti-inflammatory
agents generally leads to successful return to previous
athletic performance.

Cardiovascular system

Abnormalities of the cardiovascular system can have a
significant adverse effect on athletic performance, primarily
via a reduction in cardiac output. Although less commonly
recognized than diseases affecting the respiratory or muscu-
loskeletal system, with the advent of newer diagnostic tech-
niques for evaluation of cardiac function during and
immediately after exercise, cardiac diseases are being diag-
nosed more frequently.1,32 It can be difficult to determine the
cardiovascular contribution to exercise intolerance, as fre-
quently horses can have no, or only very subtle abnormalities
at rest, while displaying significant abnormalities at near
maximal effort. Conversely, ‘normal’ horses can have a rela-
tively high prevalence of both murmurs and dysrhyth-
mias,32–36 which may be physiologic, disappear with exercise,
and not contribute to reduced performance. Therefore, the
significance of these findings may be unclear. For this reason,
as discussed in Chapter 2, an evaluation during exercise is
critical. Abnormalities can be divided into disturbances in
cardiac rhythm, systolic or diastolic dysfunction, valvular
regurgitation, and intracardiac shunts.

Dysrhythmias

Atrial fibrillation

History

In general, dysrhythmias more commonly contribute to per-
formance problems than other types of cardiac dysfunction,
and atrial fibrillation is the most common dysrhythmia associ-
ated with poor performance. Atrial fibrillation (AF) can be
paroxysmal or sustained, with paroxysmal being implicated fre-
quently as a cause of poor racing performance.37–39 Epistaxis
has been associated with AF.40 This may be due, in part, to the
alterations in left atrial, and hence pulmonary arterial pres-
sures.39 Dyspnea, hyperpnea and severe exercise intolerance
have also been associated with AF, which decreases maximum
cardiac output (under strenuous exercise conditions) by reduc-
ing left ventricular filling.41,42 Horses with either paroxysmal or
sustained AF frequently have no underlying detectable cardiac
pathology.43 These horses are excellent candidates for conver-
sion to sinus rhythm, and once converted, should return to their
previous level of performance. The large atrial mass and high
resting vagal tone contribute to the development of AF.
Electrolyte abnormalities (particularly K+ depletion) have also
been associated with development of AF. Therefore it is very
important to ascertain drug administration history, such as the
use of loop diuretics (e.g. furosemide (frusemide)).
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Clinical findings and diagnosis

It is important to perform a complete cardiac evaluation of
any horse in AF to determine the presence of underlying
cardiac disease. Auscultation will reveal an irregular rhythm.
Pulses will be irregular, of varying intensity, and pulse deficits
may be palpated. If no underlying cardiac disease is present,
heart rate will be within a normal range or only mildly ele-
vated.41 ECG will show an irregular R–R interval, no P waves,
and fine to coarse fibrillation waves (Fig. 4.8).

Treatment and prognosis

The treatment of choice for uncomplicated AF is oral quini-
dine sulfate.43 If the duration of AF is short (< 2 weeks) and
no cardiac pathology exists, intravenous quinidine gluconate
can be tried. Most horses without significant cardiac disease
can be successfully converted to normal sinus rhythm.
Although some horses revert back into AF, the likelihood of
recurrence is higher in horses with AF of greater than 
4 months’ duration or those with evidence of underlying
cardiac pathology.

Supraventricular and ventricular
extrasystoles

History

Dysrhythmias other than AF, while less well recognized, can
certainly decrease athletic capacity.44,45 Both ventricular and
supraventricular extrasystoles can decrease cardiac output,
and thus maximal performance ability. Ventricular tachycar-
dia (VT), defined as more than three consecutive ventricular
extrasystoles, may be sustained or paroxysmal. While sus-
tained VT is easily recognized, and has a clear-cut effect on
performance, it might not be recognized on resting examina-
tion if it is paroxysmal and/or exercise-induced; however,
these horses may demonstrate a sudden fall off in perform-
ance during a race. The influence on performance of prema-
ture depolarizations, whether supraventricular or ventricular
in origin, can be more difficult to determine. When detected
infrequently, and at rest, they are of questionable significance
if they disappear with exercise. However, ectopic beats occur-
ring during exercise interfere with normal cardiac function,
and may be more significant.32 If ectopic beats occur during
maximal effort, or as the horse is speeding up or slowing
down on the treadmill, they can decrease cardiac output
enough to affect performance. Certainly, if ectopic beats are

numerous there is likely to be an adverse effect on exercise
performance. The immediate post-exercise period is a time of
autonomic nervous system imbalance. Consequently, dys-
rhythmias, including occasional premature beats, are fre-
quently observed during the post-exercise period. These
dysrhythmias probably do not affect performance.

Clinical findings and diagnosis

If no rhythm disturbances are present at rest, the results of
physical examination and electrocardiographic and echocar-
diographic tests may be normal. ECG examination during
exercise is required to detect cardiac rhythm disturbances in
these cases. If uniform VT is present at rest, a rapid, regular
rhythm, with changes in intensity of heart sounds, will be
ausculted. Pulse deficits may be present. A jugular pulse may
be evident. Premature beats present at rest will be detected as
occasional early beats, corresponding to the premature depo-
larizations. A compensatory pause may be heard after the
premature beat if it is ventricular in origin, and pulse deficits
may be present. The heart sounds may be variable in inten-
sity, with the ectopic beat having an increased intensity.
Paroxysmal VT present only during maximal exercise
requires exercising telemetric ECG to diagnose. ECG will show
abnormal QRS complexes occurring in a rapid regular
rhythm. ECG findings associated with uniform VT include a
series of abnormal, widened QRS complexes with a regular
R–R interval (Fig. 4.9). P waves will not be associated with
the QRS, and may not be visualized if buried in the preceding
QRS–T complex. With premature depolarizations, the ECG
will reveal an underlying regular rhythm, with occasional
premature QRS complexes causing an irregular R–R interval.
If the premature complexes are supraventricular in origin,
the QRS complexes will typically be normal in appearance
and a P wave will be seen associated with it, although the P–R
interval may differ from others (Fig. 4.10). Usually there will
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Fig. 4.8
Electrocardiogram (ECG) from a horse with atrial fibrillation.
The ECG was obtained at rest and the heart rate was 
50 beats/min. For all ECGs, a base apex lead system has been
used, and paper speed is 25 mm/s.

Fig. 4.9
Electrocardiogram from a horse with ventricular tachycardia.
This horse was at rest with a heart rate of 120 beats/min.
Note the P waves buried in differing portions of the QRS–T
complex.

Fig. 4.10
Electrocardiogram (ECG) from a horse showing supraventricular
premature depolarizations (SVPD; also known as atrial premature
contractions,APC) (arrows).This ECG was obtained after
exercise and the heart rate was 95 beats/min.



not be a compensatory pause following the early beat. If the
premature beat is ventricular in origin, the QRS complex will
vary in configuration, and no P wave will be seen in associa-
tion with it (Fig. 4.11). Ventricular premature depolariza-
tions frequently are followed by a compensatory pause. While
these arrhythmias may reflect primary myocardial disease,
they may also be associated with hypoxemia, ischemia, elec-
trolyte or metabolic disturbances, certain drugs, respiratory
disease and toxemia.

Treatment and prognosis

Regardless of cause, rest for 4–8 weeks is recommended.
Specific therapy is dependent on the type of dysrhythmia and
whether underlying pathology is identified. In some cases of
premature depolarizations, treatment with corticosteroids
has been successful. If the premature complexes are frequent,
anti-arrhythmic therapy can be instituted. Horses in VT may
require specific anti-arrhythmic therapy along with correc-
tion of the primary problem.44 Criteria for treatment include
a sustained rapid rate (> 100 beats/minute), multifocal VT, R
on T phenomenon, or if the horse is exhibiting clinical signs
associated with the arrhythmia. Prognosis is favorable for
most arrhythmias, if proper rest and correction of the under-
lying problem is accomplished.

Bradyarrhythmias

History and clinical findings

Severe bradyarrhythmias are not common. However, when
present, they can cause weakness, syncope or profound exer-
cise intolerance. Advanced second degree atrioventricular
(AV) block, third degree AV block or sinus arrest not abol-
ished by an increase in sympathetic tone or a decrease in
parasympathetic tone are usually indicative of primary
myocardial disease, although they are possibly associated
with electrolyte or metabolic abnormalities.

Treatment and prognosis

Treatment consists of correcting the underlying cause, if one
can be determined. Vagolytic drugs are not usually successful
in restoring sinus rhythm. Corticosteroids may be used to
decrease inflammation. However, the definitive treatment in

most circumstances is a pacemaker. Although successfully
used in horses, placement of a pacemaker is not practical 
in most instances.

Myocarditis/myocardial dysfunction

History

Clinical signs associated with myocarditis are dependent on
the severity of the myocardial dysfunction, and can range
from congestive heart failure with obvious clinical signs at
rest, to subtle exercise intolerance that only manifests at
maximal workloads.32,46 Horses presenting with more severe
cardiac dysfunction are not challenging to diagnose, as they
are likely to have physical examination findings suggestive of
heart failure, murmurs, and/or dysrhythmias. Horses with
exercise-induced myocardial dysfunction are more difficult to
diagnose, and may appear normal at rest, but may present
with a history of fatigue and tiring early in a race.

Clinical findings and diagnosis

Clinical signs of congestive heart failure include a jugular
pulse, ventral edema, tachypnea and rapid, weak pulses.
Auscultation of these horses may reveal tachycardia with
possible dysrhythmias and/or murmurs. Echocardiographic
examination may demonstrate a moderate to severe decrease
in fractional shortening, with chamber enlargement. If
murmurs are present, Doppler examination may confirm
valvular regurgitation. In horses that are less severely
affected, the physical examination may be normal. The
resting echocardiogram is also likely to be normal, or show
only a mild decrease in the fractional shortening, with
slightly less than normal thickening and inward motion of
the myocardium. In these horses, it is critical to perform an
exercise stress test to determine whether there is exercise-
induced myocardial dysfunction.32 Rather than the expected
increase in fractional shortening, wall thickness, and inward
wall motion, affected horses may have no change, or a
decrease in these parameters (hypokinesis, dyskinesis, akine-
sis) immediately after high-intensity exercise.

Treatment and prognosis

Treatment of horses with exercise-induced myocardial dys-
function should include stall or pasture rest. If a non-
infectious cause of myocarditis is suspected, corticosteroids
may be useful. Prognosis is fair to good for return to function
for these horses, with adequate rest.

Valvular regurgitation

Horses have a high prevalence of cardiac murmurs, many of
which are physiologic or ‘innocent’ murmurs. However, even
those associated with valvular regurgitation may not cause
exercise intolerance unless the amount of regurgitation is
moderate to severe. Mitral insufficiency is the abnormality
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Fig. 4.11
Electrocardiogram (ECG) from a horse demonstrating ventricular
premature depolarizations (VPD; also commonly called ventricular
premature contractions,VPC) (arrows). Note compensatory
pauses following VPD.This ECG was obtained immediately post-
exercise and the heart rate was 160 beats/min.



most likely to cause a decrease in athletic ability because of
resultant left atrial enlargement and elevation in pulmonary
artery pressure. Horses can successfully compete with
significant tricuspid and aortic insufficiency unless accompa-
nied by other abnormalities such as chamber enlargement,
dysrhythmias, and mitral regurgitation.33

Ventricular septal defects

The effect on performance of ventricular septal defects (VSD)
depends on the size, number, location, and type of work the
horse must do. A small restrictive VSD might not impair per-
formance at all, whereas a large one might decrease not only
athletic potential, but life expectancy as well. Typically, if the
VSD is < 2.5 cm in two perpendicular views, with a peak
shunt velocity of > 4 m/s, and no other abnormalities are
detected, performance will not be affected, although these
horses might not be the most elite of race horses.33,47

Vessel thrombosis

Venous thrombosis, particularly jugular vein thrombosis, is a
very common occurrence that does not usually impact per-
formance. In most circumstances, collateral circulation
develops if the vein does not recanulate. However, if severe
and/or bilateral, so that venous drainage from the head is
impaired, swelling and edema in the head and pharyngeal
region may result, which may decrease athletic perform-
ance.48 Although not common, thrombosis of the terminal
aorta and/or iliac arteries can severely limit performance. It
may be apparent at rest, with lameness, weak peripheral arte-
rial pulses and slow filling of the saphenous vein in the
affected hindlimb.48 Exercise will often exacerbate clinical
signs. Thromboses are definitively diagnosed with ultrasound
of the suspected affected vessel.

Myopathies

Exertional rhabdomyolysis and
subclinical myopathy

Exertional rhabdomyolysis (ER), recurrent exertional rhab-
domyolysis (RER) and subclinical myopathy (SCM) can affect
performance horses, with ER occurring in 2.8% of all horses
and SCM occurring in 15.2% of horses with no clinical evi-
dence of myopathy.1,2 Horses with any of these conditions may
have exercise intolerance. Although there are many causes of
muscle disease in the horse,49 this section will focus on ER, RER
and SCM.

History

Horses with ER or RER may have signs of stiffness, muscle
cramping, pain, muscle fasciculation, and weakness or exer-

cise intolerance.49 Horses with SCM typically do not exhibit
any signs associated with ER or RER.1 In fact, they usually
appear clinically normal and the only pertinent information
may be a history of poor performance or exercise intoler-
ance.1,2 A history should include the horse’s recent exercise
regimen, whether the horse has had a recent episode of ‘tying
up’, the results of any diagnostic test, a listing of all medica-
tions and supplements administered to the horse, any present
or prior lameness problems, and any history of respiratory
problems.49 Any horse with a recent bout of ER or RER (i.e.
within 14 days) should not be subjected to a high-speed
treadmill examination. In our experience, these horses have a
recurrence of ER soon after treadmill schooling. Historically,
young Thoroughbred females are the most likely to have RER,
and this is thought to have a genetic component.1,50

Physical examination

During clinical episodes of ER, affected horses typically
exhibit signs of pain, sweating, anxiety, muscle cramping,
muscle atrophy, and unwillingness to walk (or lameness).49

Dark colored urine may be present. One muscle group (e.g.
the triceps group) or multiple groups of muscles may be
affected. Horses with SCM may not exhibit any clinical signs
and the diagnosis is based on laboratory findings. Close exam-
ination of the general muscle distribution and symmetry is
important. Palpation of all large muscle groups should be
done, along with running a blunt instrument gently over the
neck, epaxial and gluteal muscles looking for excess fascicu-
lation, wayward fasciculation or excessive guarding of
muscle groups. Any of these adverse reactions may suggest
primary or secondary muscle pain or muscle pathology.49

Diagnostic tests

If there is evidence of increasing lameness or of ER during
any portion of the schooling for the high-speed treadmill
evaluation, the examination is discontinued. Otherwise, the
horse receives a complete HSTM examination and is moni-
tored for post-exercise lameness and ER. If lameness is
increased or if there is evidence of ER, appropriate manage-
ment should be implemented.

The two most common serum or plasma enzymes evaluated
are creatine kinase (CK) and aspartate aminotransferase
(AST). Samples for CK and AST analysis are taken before and
after exercise. It has been suggested that samples be collected
4–6 hours after exercise, when CK activity peaks.52 However,
other sample times are frequently employed for logistical or
convenience reasons. For samples collected 30 minutes follow-
ing exercise, a serum CK activity less than 1000 IU/L has been
considered normal. In a recent retrospective study, 10/348
horses experienced clinical signs of ER.1 CK activities in these
horses 30 minutes post-exercise were 20 000–120 000 IU/L.
In the same report, serum CK activities were elevated
(15 000–220 000 IU/L) in 59/348 horses that had no
obvious clinical signs of ER.

Elevations in AST can result from damage to both muscle
and liver.49 Post-exercise AST activities reach maximal 
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values later than does CK, and AST has a longer half-life;
therefore activities can remain elevated as long as 2 to 3
weeks after insult.52 Both CK and AST should be evaluated
before and after treadmill exercise to determine if there has
been any recent evidence of muscle damage.

An additional diagnostic test that may be helpful in cases
of recurrent ER is nuclear scintigraphy. Nuclear scintigraphy
may indicate the presence of deep muscle damage even with
normal circulating muscle enzyme activities. This deep
muscle damage may help explain subtle lameness or per-
formance problems.

Treatment

Treatment of acute severe ER includes supportive care such
as intravenous fluid therapy, acepromazine maleate, and
monitoring of the CK activities. Clinical signs generally
subside within a few hours of onset. Horses should not be
returned to work until their muscle enzymes have returned to
normal. Management of recurrent ER has included changing
training methods, oral and injectable acepromazine, long
warm-up periods, oral phenytoin, oral dantrolene sodium,
acupuncture, afternoon turnout, and racing the horse from
the field, along with numerous other methods. To date, none
of these methods has been entirely satisfactory. Horses fed a
high carbohydrate diet are more likely to have ER or RER.53 In
support of this, it has been suggested that a useful manage-
ment technique to limit ER is feeding a low soluble carbohy-
drate, high fat diet.49

Prognosis

The prognosis for successful management of ER or RER is
guarded. Horses responding to dietary management can have
a good prognosis, as long as the dietary requirements are
maintained throughout the remainder of the horse’s career.
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Methodology

Percutaneous needle biopsy technique

Equine muscle physiology has centered around use of percu-
taneous needle biopsy (Fig. 5.2), a technique originally
described for the M. gluteus medius by Lindholm and Piehl.6

Although this muscle is very active during exercise7 and
shows considerable adaptation to training,3 care must be
exercised in interpreting data from a single biopsy,8 because
of the muscle’s heterogeneity.9,10 Other locomotory muscles
(e.g. semitendinosus, biceps femoris, longissimus lumborum,
triceps brachii and cleidocephalicus) can also easily be biop-
sied using the same technique. Muscle samples are useful for
studies in vivo and in vitro using a range of morphologic, bio-
chemical, and physiologic techniques. Muscle samples for
histochemistry are frozen in isopentane precooled in liquid
nitrogen. Samples for biochemistry are immersed directly in
liquid nitrogen. In addition, a portion of the sample may be
directly fixed for electron microscopy, thereby allowing meas-
urement of capillary11 and mitochondrial density.12 Bio-
chemical and physiologic studies can also be made on
dissected and skinned single fibers.13–15

Laboratory methods

Biochemical analysis of homogenized equine muscle samples
has enabled the study of broad metabolic responses to exer-
cise and metabolic adaptation to training (see reference3 for a
review) through analysis of selected muscle enzyme activi-
ties, their substrates and intermediary metabolites. However,
a limitation of this technique is that it does not enable differ-
entiation between the various individual fiber types or the
study of important morphologic features such as fiber size,
capillary density and myonuclear location. Some of these
disadvantages can be overcome by analyzing single fibers
biochemically.16,17 Histochemical evaluation of muscle, com-
bined with image analysis,18 has also provided invaluable
information about the contractile and metabolic properties of
equine muscles, specifically regarding fiber types, oxidative
and glycolytic capacities, fiber sizes and capillary density.

Muscular response to
exercise

Overview

The skeletal musculature of the horse is highly developed and
adapted to match the animal’s athletic potential. In contrast to
most mammals, in which 30–40% of body weight consists of
muscle, more than half of a mature horse’s body weight
comprises skeletal muscle.1 Total muscle blood flow in horses
that are exercising at a level when O2 consumption is at a
maximum (VO2max, 134 ± 2 mL/min/kg) has been estimated at
226 L/min, which represents approximately 78% of total
cardiac output.2 Such exercise therefore requires the co-ordi-
nated application of many different body systems under the
control of the nervous system (Fig. 5.1). Metabolites and oxygen
reach skeletal muscle fibers via the respiratory, cardiovascular
and hematologic systems; in turn the muscle fibers produce
energy in the form of ATP which, via the contractile machinery,
is converted into mechanical work. The structural arrangement
of the musculoskeletal system provides the means with which
to harness this energy to move the horse’s limbs in a character-
istic rhythmic pattern that is well established for each gait.

Equine muscle is considerably heterogeneous; the diversity
reflects functional specialization and adaptive plasticity and
has been studied extensively over the past 30 years. Muscle
biopsy in particular has resulted in a greater understanding
of the response of this tissue to exercise and training. Much
of this work is summarized in the excellent review by Snow &
Valberg3 and therefore this chapter focuses specifically on
new data obtained in the past decade, while assessing earlier
studies from a later perspective.
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However, subjective visual assessment of qualitative histo-
chemical reactions (Fig. 5.3A,B) has until recently limited the
application of these methods.19 In recent years, more objec-
tive and quantitative histochemical methods have been
applied to equine muscle.20

Cellular and molecular diversity within equine muscle has
also been addressed, via study of myofibrillar and non-
contractile proteins by immunohistochemistry,21,22 gel elec-
trophoresis,23 a combination of both techniques,24–26 and by
enzyme-linked immunosorbent assay.27,28 The past few years
have seen the production of a considerable number of mono-
clonal antibodies to contractile and non-contractile muscle
isoproteins, some of which can be used effectively in horse
muscle via immunohistochemistry.29–31 The technique’s
specificity provides, among other things, a more objective
way to assess muscle fiber type (Fig. 5.3C).32 Electrophoretic

methods for the quantification of myosin isoforms have also
recently been validated in the horse (Fig. 5.3D)33 and immu-
noelectrophoresis has enabled the specific identification and
relative quantitation of certain muscle-derived proteins.34

A major goal for future studies will be to refine molecular
biology techniques and apply them to the field of equine exer-
cise physiology in general and equine muscle physiology in
particular. Northern blotting, reverse transcription followed
by polymerase chain reaction and in situ hybridization will
provide the means with which to study the molecular diver-
sity of muscle proteins at the transcript (mRNA) level and
before too long, microarray technology will enable a more
global approach. This should prove invaluable when examin-
ing exercise and training effects, since altered transcript con-
centrations precede changes in protein expression.35 Hence,
during the early phase of transformation between fiber types,
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Fig. 5.1
Interaction between the main body
systems (respiratory, cardiovascular,
hematologic and muscular) involved in
exercise. In the sarcomere, the thick
myofilaments (myosin) are red and the
thin myofilaments (actin) are blue.
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Fig. 5.3
Illustration of three integrated approaches for
investigating skeletal muscle samples in horses:
histochemistry (A, B), immunohistochemistry 
(C) and gel electrophoresis (D). (A) Transverse
section of a gluteus medius muscle biopsy 
stained for demonstration of adenosine
triphosphatase activity after acid preincubation 
(pH 4.4); the differential staining allows
identification of the various fiber types. (B) 
Serial section of the previous sample stained to
demonstrate succinic dehydrogenase activity;
this histochemical stain is performed to allow
examination of the oxidative capacity of 
myofibers. (C) Transverse section of the same
sample stained by immunohistochemistry with a
monoclonal antibody to the �-slow (type I) 
myosin heavy chain isoform; this method enables
more objective delineation of muscle fiber types
than histochemistry. (D) Coomassie blue 
staining to show myosin heavy chain 
composition of whole-muscle extracts on 8%
sodium dodecyl sulfate polyacrylamide gel

electrophoresis; isoforms are identified as IIA, IIX and I going from the slowest (highest) to the fastest band. LD, M. latissimus dorsi; SVT,
M. serratus ventralis thoracis; RC, M. rhomboideus cervicis; PP, M. pectoralis profundus; GM, M. gluteus medius; ST, M. semitendinosus.
Scales in A–C, 50 �m.
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Fig. 5.2
(A) Percutaneous muscle biopsy needle; this
needle, which has an outer diameter of 6 mm, was
first introduced by Bergström4 and was further
modified with finger and thumb rings by Henckel.5

(B) Site for the collection of biopsy specimens
from the right gluteus medius muscle according to
Lindholm & Piehl;6 this fixed site is located one-
third of the distance along a line running from the
tuber coxae to the root of the tail. (C–E) An
illustration of the various steps for the needle
biopsy technique; (C) the needle biopsy, together
with the internal cutting cylinder, is inserted into
the muscle; (D) once within the muscle, the
cutting cylinder is partially withdrawn so that the
window is opened up, allowing muscle to enter
the slot, and a piece is then cut by pushing down
the internal cylinder; (E) between 50 and 150 mg
of muscle tissue are usually acquired.



isoform-specific mRNA should be detectable some time before
the associated protein.

Other techniques

In addition to cellular and molecular techniques, non-inva-
sive analysis, such as nuclear magnetic resonance and elec-
tromyography,36,37 is being increasingly applied to examine
the effects of exercise and training on the neuromuscular
system. Furthermore, electromyography, force plate and gait
analysis have applications for assessing muscle activation
patterns during locomotion.7,38

Muscle structure and function

Morphology

Development Most skeletal muscles are derived from
paraxial mesodermal tissue following its condensation into
segmentally arranged somites. Cells of certain lineages
become compartmentalized within each somite as it differ-
entiates: the dorsolateral compartment, known as the
myotome, contains two subsets of myogenic precursor cells.
The cells of one subset are destined to become the axial mus-
culature, whereas cells of the other subset migrate into the
periphery to form the muscles of the body wall and the
limbs.39 Myogenic precursor cells differentiate to form
myoblasts. These fuse to become discrete populations of
myotubes that subsequently fuse into myofibers (see 
Fig. 6.2).40 At the same time, �-motor neurons establish their
connections at neuromuscular junctions. Embryonic myoge-
nesis shares many similarities with the regeneration of
mature myofibers following injury, a subject that is covered in
more detail in Chapter 6.
Gross anatomy Locomotor muscles are generally located
proximally on the appendicular skeleton, thereby reducing
the weight of the lower limb and decreasing the energy nec-
essary to overcome inertia when the limb swings back and
forth.41 Movements of the distal limb are mainly passive and
result from the release of elastic energy of the digital flexor
tendons and suspensory ligament when the limb is
unloaded.42 However, myofibroblasts (with contractile prop-
erties) have been observed in these tendons.43 Movements of
the proximal limb result from active muscular contraction.44

In general, most locomotor muscles are active during the
propulsion stage of the stance phase of the stride in each
limb.45 Quantitative electromyography shows that muscles
within the same group have significant differences in their
activities when exercising at constant speed; furthermore,
muscle activity, as measured by electromyography, is posi-
tively correlated with running speed.46

More than 90% of a muscle is made up of myofibers, with
the rest consisting of nerves, blood vessels and the fat and
connective tissue that separates the individual fibers
(endomysium), the fascicles (perimysium) and the whole
muscle (epimysium; Fig. 5.1). The connective tissue merges
with both the origin and the insertion tendons of the muscle,
as well as with internal tendons in compartmentalized

muscles. Blood vessels and nerves course within the perimy-
sium. Capillary arrangement in the skeletal muscle is opti-
mized for oxygen delivery to tissue during exercise;47 usually
several capillaries are located within close proximity, some-
times circumferentially but more often running parallel to
each fiber. The internal muscular architecture varies consid-
erably both within and between equine muscles.21,48,49 For
example, different fiber lengths and pinnation angles have a
significant impact on the power output and the degree of
shortening of specific muscles, in accordance with their
specific function.50

Histology The skeletal myofiber is an elongated cell (gen-
erally believed to be between 30 and 100 mm in length) with
tapered ends. Fibers vary from 10 to 100 �m in diameter and
are multinucleated (Fig. 5.4A). The nuclei are normally
located at the fiber’s periphery, in a subsarcolemmal position.
Although the cytoplasm contains other organelles found in
many cell types, it is mostly taken up by the contractile appa-
ratus that consists of the contractile proteins and their sup-
portive structures that are grouped together as myofibrils. In
longitudinal sections, individual muscle fibers have numer-
ous cross-striations (dark and light bands), that are orien-
tated perpendicular to the fiber’s long axis (Fig. 5.4B). Lighter
I bands alternate with darker A bands. Within the I band
there are dense striations called Z disks.
Ultrastructure The repeating unit between two adjacent
Z disks is known as a sarcomere, the unit of muscular con-
traction. Each sarcomere includes half the I band on each
side of the A band (Fig. 5.4C,D). I bands contain only thin
filaments (8 nm diameter), whereas the A bands contain
both thin and thick (15 nm diameter) filaments. Within the
A band, the H band is defined as the central area where the
thick filaments do not overlap with thin filaments (Fig. 5.4D).
The central darker portion of the H band is designated as the
M line (Fig. 5.4D). Transverse section of the sarcomere 
at the overlapping zone between thick and thin filaments
reveals each thick myofilament surrounded by thin
myofilaments in a hexagonal lattice arrangement (Fig. 5.4E).
Muscle contraction occurs when, within each sarcomere,
thin myofilaments slide over the thick myofilaments, bring-
ing the adjacent Z disks closer together. Hence upon con-
traction, the I band shortens and the H band starts to
disappear.

Thick filaments contain myosin and other myosin-binding
proteins. Sarcomeric myosins have two heads and a long tail
and consist of two heavy chains and two pairs of light chains
(Fig. 5.5A). The myosin head is the motor domain that con-
tains the adenosine triphosphate (ATP) binding site, the
actin-binding site and the myofibrillar ATPase enzyme. The
major components of the thin filaments are tropomyosin, the
troponin complex (consisting of three subunits: troponin C
(TnC), troponin T (TnT) and troponin I (TnI)), and two helical
filamentous strands of actin (F-actin), made up of polymer-
ized globular actin monomers (G-actin) (Fig. 5.5B). Elongated
tropomyosin dimers lie within the major groove of the actin
filament, spanning seven actin monomers; each troponin
complex is also associated with a seven-actin repeat. The
elongated NH2-terminal of TnT extends for a considerable
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length from each tropomyosin molecule, spanning the gap
between adjacent molecules.

Mitochondria are located beneath the sarcolemma and
between myofibrils (Figs 5.6, 5.7). This intimate relationship
means that ATP produced during oxidative phosphorylation
is readily available for the contractile machinery.
Intramuscular substrates, such as glycogen and lipids, are
also stored between the myofilaments and under the sar-
colemma (Fig. 5.7). Numerous other proteins, including
myoglobin, glycolytic enzymes and various intermediate
filaments are distributed throughout the cytoplasm.

The sarco(endo)plasmic reticulum (SR) of skeletal
myofibers is an intracellular membranous system located
between the myofibrils (Figs 5.6, 5.7), but has no physical
continuity with the external surface membrane (sarco-
lemma). Much of its tubular network is orientated longitudi-
nally to the myofibrils. The SR contains, amongst other
molecules, a large amount of the enzyme Ca2+-ATPase, the
protein calsequestrin and the calcium release channel (ryan-
odine receptor or RYR1). At the AI junction of the sarcomere,
the SR tubules become confluent and form terminal cisternae

orientated perpendicularly to the long axis of the cell 
(Fig. 5.7D). Two adjacent cisternae are separated by a struc-
ture known as the T-tubule, which is a long tubular invagi-
nation of the sarcolemma, communicating directly with the
extracellular space. Together the three structures make up a
triad (Figs 5.6, 5.7).

The motor end-plate (see Fig. 5.11B) is a specialized region
on each fiber, where the �-motor neuron interdigitates with
the sarcolemma. The postsynaptic membrane contains
numerous acetylcholine receptors. The remainder of the sar-
colemma contains a variety of specific membrane proteins
that function structurally and as channels, pumps and
hormone receptors. Myofibers have a cytoskeleton of various
intermediate filament proteins that link the contractile appa-
ratus with a complex of proteins at the sarcolemma, known
as the dystrophin-associated complex (see Fig. 5.14).
Between the sarcolemma and the extracellular matrix is the
basal lamina (Fig. 5.7E) which is generally closely apposed to
the sarcolemma except where it leaves the sarcolemma to
course over the surface of satellite cells (Fig. 5.8; see also 
Fig. 6.2).
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Fig. 5.4
Organization of the contractile apparatus 
from the cellular to the molecular level.
(A) Transverse section from a specimen of the 
M. sacrocaudalis dorsalis medialis stained by
hematoxylin and eosin and examined by light
microscopy; scale = 50 �m. (B) Longitudinal
section from the same specimen with the same
stain. (C) Striated aspect of myofibrils when
observed by electron microscopy at very low
magnification, showing Z disks,A bands and I
bands of sarcomeres. (D) Electron micrograph of
longitudinal sectioned myofibrils at × 30 000
magnification. (E) Electron micrographs of
transverse sections of one myofibril in the
overlap zone (A band) between thick and thin
myofilaments of sarcomere, illustrating the
hexagonal arrangement of these filaments,
× 150 000.



General muscle physiology

The motor unit A motor unit consists of an �-motor
neuron and the skeletal muscle fibers that it innervates 
(Fig. 5.9).51 Since each time an �-motor neuron fires, the
entire motor unit contracts, coarser movements are gener-
ated in those muscles that have many muscle fibers making
up motor units (such as the locomotor muscles) compared
with those with few (such as the extrinsic eye muscles).
Muscle fibers within one motor unit are generally all of the
same histochemical type, but they are normally widely dis-
tributed between fibers from other motor units and therefore
give rise to the characteristic checker-board pattern that is
apparent when using certain histochemical stains (see Fig.
5.3A). This is evident in denervated muscle (Fig. 5.10A,B)
where there may be selective loss and atrophy of fibers of one
histochemical type (Fig. 5.10A) or in reinnervated muscle
following disease or injury, by patterns of fiber grouping 
(Fig. 5.10C).52 Large-diameter �-motor neurons innervate
fast-twitch fibers whereas smaller ones tend to innervate
slow-twitch fibers.

Contractile force for a particular muscle is partly regulated
by the rapidity of neuron discharge: muscle fibers contract with
a twitch following a single discharge of a motor neuron but sus-
tained contraction (tetanus) results from repetitive neuron
firing. The force of a contraction increases with the rate of dis-
charge up to a maximum limit that is determined by the prop-
erties of the muscle. Furthermore, a process known as
recruitment, which reflects the gradual inclusion of larger
motor neurons as greater force is required, also regulates force

(see below). Relatively weak and slow contractions required for
maintenance of posture therefore involve small-diameter �-
motor neurons and slow-twitch fiber types, whereas locomotion
and rapid movements rely on recruitment of larger diameter �-
motor neurons and fast-twitch fibers.
Muscle proprioception Proprioception is the term given
to the mechanism underlying the self-regulation of posture
and movement through stimuli originating in sensory recep-
tors embedded in joints, tendons, muscles and the labyrinth
of the ear. In skeletal muscles and tendons these receptors are
known as spindles and Golgi tendon organs and each type
has been well characterized in the horse.53–56 Signals derived
within these sensory receptors are conveyed via a variety of
well-defined reflex pathways that generate specific motor
responses.

Muscle spindles consist of specialized intrafusal muscle
fibers surrounded by a connective tissue capsule and lie paral-
lel to regular muscle fibers (Fig. 5.11A). Sensory nerves (type Ia
and type II) terminate on the intrafusal fibers in specialized
sensory endings and generate afferent signals that are relayed
to the spinal cord via the dorsal horn. Type Ia nerves carry both
dynamic (rate of stretch) and static (amount of stretch) affer-
ent signals whereas type II nerves sense only static muscle
length. Motor innervation to the muscle spindle is provided by
�-motor neurons, which regulate the sensitivity of muscle
spindles to muscle stretch. Golgi tendon organs are located
within the connective tissues of tendons, joint capsules and
muscles. They lie in parallel with the direction of mechanical
force that they measure and from them, afferent type Ib fibers
convey proprioceptive signals to the spinal cord.
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Fig. 5.5
(A) Diagram of the myosin molecule
illustrating the �-helical coiled-coil
tail, the folding of each heavy chain
to form a globular head, the site of
ATP hydrolysis, and the location of
the four myosin light chains
(regulatory and essential). (B) Model
of the troponin–tropomyosin–actin
that make up the thin myofilaments,
during muscle relaxation (upper) and
contraction (bottom). In the relaxed
state, the inhibitory region of
troponin (TnI, colored yellow) is
attached to actin and tropomyosin,
whereas troponin C (TnC, colored
orange) is bound to Mg2+. In this
conformation, myosin cannot bind. In
the contracted state, two Ca2+ ions
bind to TnC, which in turn interacts
with TnI. A conformational change
to the troponin–tropomyosin
complex exposes the myosin binding
sites, thereby allowing the power
stroke to occur.



Electrical and ionic properties of the sarcolemma
The sarcolemma maintains the interior of the fiber at a nega-
tive potential (the membrane potential) when compared to
the extracellular fluid while the fiber is in a resting state. The
negative potential is derived from the disequilibrium of ionic
concentrations (mostly Na+ and K+) across the membrane
and is generated partly by the action of the Na+/K+ ATPase

pump, which extrudes three Na+ ions for every two K+ ions
taken up. This results in the cytoplasm having a much higher
K+ concentration but much lower Na+ concentration than
the extracellular fluid. The remainder of the membrane
potential is derived from the tendency of ions to diffuse down
their electrochemical gradients across the semipermeable
membrane.
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Fig. 5.6
Diagrammatic representation of the internal structure of a muscle fiber. Myofibrils are surrounded by the net-like tubular sarcoplasmic
reticulum (SR); the SR converges at the junction between A and I bands of sarcomeres to form terminal cisternae. Between each pair of
terminal cisternae there is an invagination of the sarcolemma called the T-tubule.Together, the three structures make up a triad.
Mitochondria are dispersed between myofibrils.



Acetylcholine released from presynaptic nerve terminals
at neuromuscular junctions (end-plates; Fig. 5.11B) binds to
acetylcholine receptors and increases the conductance of the
postjunctional membrane to Na+ and K+. The inward move-
ment of Na+ down its concentration gradient predominates,
causing a transient depolarization (about 20 mV) in the end-
plate, known as the end-plate potential. This depolarization is
sufficient to activate sarcolemmal voltage-gated Na+ chan-
nels (mutated in hyperkalemic periodic paralysis – see
Chapter 6, p. 92), which open and therefore elicit propaga-
tion of an action potential along the membrane. Following
this, and in response to depolarization, voltage-gated potas-
sium channels open, resulting in the downswing of the
action potential. The action potential therefore conducts
rapidly along the sarcolemma in a wavelike fashion, away
from the neuromuscular junction.

Excitation-contraction coupling Action potentials are
conducted into the interior of muscle fibers via the T-tubules
and there activate voltage-gated channels known as
dihydropyridine receptors (DHPR). Unlike in cardiac muscle,
very little calcium enters the muscle fiber from the extra-
cellular space (via the DHPR).57 Instead, a mechanical link
between DHPR and the SR Ca2+ release channel (ryanodine
receptor, RYR1) at the junctional feet of the triads results in
the release of calsequestrin-bound Ca2+ from the SR’s interior
(Fig. 5.12). A positive feedback loop, known as calcium-
induced calcium release, is responsible for further activation
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Fig. 5.7
Ultrastructural appearance of equine skeletal
muscle cells when observed by electron
microscopy. (A) Type IIA myofiber sectioned
longitudinally; note the straight and thin
appearance of Z lines, M lines in the middle of
each sarcomere, a triad (Tr) and abundant
mitochondria (Mit) within the intermyofibrillar
spaces. (B) Transverse sectioned myofibrils
showing the arrangement of the
sarco(endo)plasmic reticulum (SER) and 
T-tubules (T); magnification ×54 000. (C) Type 
IIX muscle fiber sectioned longitudinally; note 
the abundant glycogen granules (G);
magnification ×25 312. (D) Electron 
micrograph of an equine sarcomere showing 
the arrangement of the sarco(endo)plasmic
reticulum (SER),T-tubule (T) and a triad (Tr);
magnification ×58 125. (E) Two adjacent 
equine myofibers sectioned transversely 
showing the sarcolemma (S) and the basal 
lamina (BL), interposed between the 
sarcolemma and the extracellular matrix;
there are also abundant mitochondria (Mit)
located beneath the sarcolemma and between
myofibrils; magnification ×35 835. (Frames A 
and C are courtesy of Drs LH Sucre and HJ Finol
from the Universidad Central de Venezuela.
Frames B, D and E are courtesy of Dr A Blanco
from the University of Cordoba.)
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Fig. 5.8
Diagram illustrating the relationship of a satellite cell (S) to the
sarcolemma, basal lamina and endomysium. N, myonucleus.

Fig. 5.9
Diagram illustrating the organization of motor units.A motor
neuron from the ventral horn of the spinal cord supplies the
motor innervation to a group of muscle fibers with similar
contractile and metabolic properties.



of RYR1 with the result that the calcium concentration
within the cytoplasm increases about 100-fold from a resting
concentration of approximately 50 nM.57 The anatomical
location of the terminal cisternae results in Ca2+ being
released adjacent to the overlapping contractile apparatus.

Binding of Ca2+ to high-affinity binding sites on tro-
ponin C causes a conformational change to the troponin–
tropomyosin complex (see Fig. 5.5B). This results in the expo-
sure of the myosin-binding sites on F-actin and allows the
myosin globular head to attach, as ATP is hydrolyzed, thus
forming the crossbridge. Force generation, and the resulting
shortening of the sarcomere are the result of a conformational
change of the myosin head. Adenosine diphosphate and inor-
ganic phosphate are displaced by actin, which is followed by dis-
sociation of the actin–myosin bridge due to the binding of ATP
to myosin again. The crossbridge cycle continues while the cyto-
plasmic Ca2+ concentration remains high. Relaxation is
achieved when the Ca2+ is resequestered within the SR via the
action of the Ca2+ ATPase pumps (see Fig. 5.13 for a summary).
Force transmission The force that is generated in the
crossbridge cycle is transmitted via the contractile apparatus
to intermediate filament proteins that act to maintain and

stabilize the muscle fiber’s shape during contraction. These
intermediate filaments provide a structural link first to the
sarcolemma and then to the extracellular matrix via a group
of proteins known as the dystrophin-associated protein
complex (Figs 5.14, 5.15).58 Contractile forces are transmit-
ted from each muscle fiber via the extracellular matrix and
the connective tissues of tendons, and ultimately to the bones
of the skeleton.
Oxygen availability ATP replenishment in (predomi-
nantly) oxidative fibers requires a readily available source of
oxygen that is provided by the O2-binding heme protein
known as myoglobin.59,60 The P50 for equine myoglobin (the
PO2 when it is 50% saturated) is about 2.4 mmHg at physio-
logical temperatures and pH,61 and therefore far to the left of
hemoglobin and close to the PO2 of muscle cells. During exer-
cise, oxygen demand rises dramatically and is met by a 20–30
times increased blood flow through the muscle capillary
beds.2 Capillary dilation results partly from autonomic
control and stretch imposed by the higher blood pressure, but
also follows the local production of vasoactive substances
that include potassium, adenosine and nitric oxide. The latter
is produced by nitric oxide synthase, found both in the
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Fig. 5.10

Skeletal muscle histopathological signs of
neurogenic atrophy in the horse.
(A) Transverse section of the M. gluteus 
medius (7 cm depth) stained with ATPase at 
pH 4.5 from one horse with motor neuron
disease; note the general, but particularly type 
I (black) fiber atrophy. (B) Transverse section 
of the M. vastus lateralis stained with periodic
acid-Schiff (PAS) from a horse with femoral 
nerve paralysis; the asterisk shows a fiber with 
a target structure in its center, suggesting
reinnervation following denervation.

A B C

(C) Transverse section of the M. cricoarytenoideus dorsalis stained with ATPase (pH 9.4) from a horse with laryngeal hemiplegia showing
disruption of the normal checkerboard pattern and fiber type grouping.
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Fig. 5.11
(A) Electron micrograph of an equine muscle
spindle; sensory nerves (SN) appose the abundant
teloglia cells (T) which are surrounded by an
internal capillary (C); magnification ×37 125. (B)
Electron micrograph of an equine myofiber
showing the neuromuscular junction (end-plate)
of the sarcolemma (S); note the clear
(acetylcholine-containing) vesicles (V) in the
presynaptic nerve terminal; magnification 
× 43 000. (Courtesy of Dr A Blanco from the
University of Cordoba.)



endothelium of the capillaries and bound to the dystrophin-
associated protein complex within the contracting muscle
fibers themselves (Fig. 5.16).62

Energy provision for muscular functions

Muscles cannot contract without a biochemical source of
energy provided by the cleavage of high-energy phosphate
bonds within ATP. In addition to the normal cellular meta-
bolic requirements and the energy required for ion pumping
up concentration gradients, ATP is required in the contractile
crossbridge cycle: at the head of each myosin there is an ATP
molecule that becomes hydrolyzed and releases energy (E) in
a reaction catalyzed by the enzyme actomyosin ATPase:

ATP + H2O → ADP + Pi + H+ + E

where ADP = adenosine diphosphate and Pi = inorganic
phosphate.

Aerobic pathways Within mitochondria, �-oxidation of
free fatty acids (FFA), the tricarboxylic acid (TCA) cycle and
oxidative phosphorylation (via the electron transport chain)
combine to produce ATP aerobically (Fig. 5.17; see also 
Fig. 28.25). During the process, the coenzymes nicotinamide
adenine dinucleotide (NAD) and flavin adenine dinucleotide
(FAD) are reduced to NADH2 and FADH2, respectively. Sub-
sequently, NADH2 and FADH2 are reoxidized to NAD and FAD
via the electron-transport chain in which oxygen acts as the
final hydrogen acceptor to form water. Oxygen dissolved
within the cytoplasm and bound to myoglobin is rapidly used
up and hence must be replenished. Functional oxidative
phosphorylation therefore depends on the dense capillary
network between muscle fibers (Fig. 5.18). Acetyl-CoA is the
substrate for the TCA cycle and its complete oxidation allows
the formation of 12 molecules of ATP. Acetyl-CoA is derived
from pyruvate, following anaerobic metabolism of glucose
and glycogen within the cytoplasm (glycolysis) (Fig. 5.17); at
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Fig. 5.12
Depolarization of the T-tubule membrane during the action potential activates voltage-gated Ca2+ channels (1) (dihydropyridine receptors) in
the wall of the T-tubule.A mechanical link (2) with ryanodine receptors (RyR1) (3) located in the wall of the sarcoplasmic reticulum causes
them to open and release calsequestrin-bound Ca2+ ions from the lumen of the SR (4).This Ca2+ stimulates further Ca2+ release via the
calcium-induced calcium release mechanism.The process is modulated by other factors within the cytoplasm that include ATP, calmodulin
and Mg2+ (5).After release into the cytoplasm, calcium activates the contractile apparatus by binding to troponin-C (Fig. 5.13). Reuptake into
the SR occurs via the Ca2+-ATPase pumps (6).



submaximal exercise intensities, most pyruvate produced via
glycolysis is transported into mitochondria and is converted
to acetyl-CoA. Thirty-six molecules of ATP are produced in
the complete breakdown of glucose via these pathways.
However, acetyl-CoA might also be derived from the oxidation
of fatty acids, following their mobilization from the liver or
adipose tissue. �-oxidation of FFA is highly efficient, as com-
plete oxidation provides up to 146 molecules of ATP.
Anaerobic pathways In addition to the pathways
described above, additional anaerobic mechanisms exist for
ATP replenishment in muscle. They can be divided into two

different mechanisms. The first system involves high-energy
phosphate transformations involving the coupling of the cre-
atine kinase (1), adenylate kinase (2) and AMP deaminase (3)
enzyme systems:

1. ADP + phosphocreatine → ATP + creatine
2. ADP + ADP → ATP + AMP
3. AMP + H2O → IMP + NH3

The enzymes that catalyze these reactions help buffer ATP
concentrations at the expense of lowering the cellular con-
centration of phosphocreatine and free ADP, while increasing
the concentrations of creatine, adenosine monophosphate
(AMP) and inosine monophosphate (IMP). These reactions
occur in active muscles at top speeds, but provide only a small
amount of ATP for a few seconds. Deamination of adenosine
nucleotides leads to the production of ammonia (NH3), uric
acid and allantoin.63

The second anaerobic pathway involves glycolysis acting
independently from the oxidative pathways. Glycolysis requires
glucose-6-phosphate as a substrate, which may be derived from
the phosphorylation of glucose by hexokinase or by the mobi-
lization of stored intracellular glycogen that is metabolized first
to glucose-1-phosphate via glycogenolysis (Fig. 5.17) and then
converted to glucose-6-phosphate. Blood glucose is transported
across the sarcolemma by means of specific glucose trans-
porters that include GLUT-1 and GLUT-4 (Fig. 5.18).64 GLUT-1
is normally located within the sarcolemma and provides basal
glucose requirements; however, GLUT-4 receptors translocate
to the sarcolemma in vesicles, in response to insulin or the
demands of exercise (see Fig. 6.14, p. 91). The glycolytic
pathways result in the formation of two pyruvate molecules
which, in the absence of oxygen, are converted to lactate.
Integration of aerobic and anaerobic pathways
Aerobic production of ATP is a relatively slow but highly
efficient process, while anaerobic pathways produce energy
rapidly but relatively inefficiently. Although both pathways
are generally active during exercise, the relative contribution
within each muscle depends on the nature, intensity and
duration of the activity, the muscle’s fiber type composition,
the availability of oxygen and substrates and the relative con-
centrations of intermediary metabolites that may potentially
activate or inhibit selected enzymes.63,65 Hence, at the begin-
ning of low-speed exercise, when oxygen is abundant, energy
production depends largely on the degradation of glycogen
via aerobic pathways.63 Within a few minutes, glucose and
FFA concentrations rise in the blood and following 20–30%
glycogen depletion, there is a shift towards �-oxidation of
FFA.66 With higher energy demands, the muscle ATP/ADP
ratio decreases, providing a stimulus for energy production
via anaerobic mechanisms. The activity of the key regulatory
glycolytic enzyme phosphofructokinase increases, resulting
in greater production of pyruvate via glycolysis. The point
where the availability of oxygen becomes a limiting factor in
oxidative phosphorylation is reflected by partial reoxidation
of NADH2, as more and more pyruvate is converted to 
lactate. As exercise intensity increases, a greater propor-
tion of the energy is supplied by the anaerobic pathway. The
point when the increased rate of latacte production can be
detected in the plasma is known as the anaerobic thres-
hold. This threshold varies and depends on several factors
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Sarcolemma

Sarcoplasmic
reticulumT-tubules Terminal cisternae
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Ca2+Ca2+Ca2+

Ca2+Ca2+Ca2+
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Fig. 5.13
Diagram illustrating excitation–contraction coupling and the role
of calcium in the contractile mechanism. (Top) Calcium (light blue)
stored in the SR during the relaxed state of the muscle. (Middle)
A wave of depolarization moves along the sarcolemma and alters
the membrane potential of the T-tubules.The altered membrane
potential culminates in movement of Ca2+ ions into the cytoplasm
from the SR (see Fig. 5.12).Thin filament inhibition is removed,
allowing the globular heads of myosin to interact with actin and
form a crossbridge that results in shortening of the total length of
sarcomere. (Bottom) Muscle relaxation is achieved when Ca2+ is
pumped back into the SR.



including the muscle’s fiber type composition and the level 
of fitness. Furthermore, the diet plays an additional role; 
for example, a fat-rich diet promotes oxidative energy pro-
duction via FFAs,67 thereby increasing the oxidative capa-
city of muscle68 and sparing glycogen.69 However, other 
substrates also influence the pathways employed during
energy production: for instance, it has been shown that
energy production can be steered towards that derived 
from glucose by the provision of additional glucose during
exercise.70

Muscle heterogeneity

The ability of muscle tissue to perform efficiently in spite of
very different types of exercise of varying duration is

significantly enhanced by a muscle’s heterogeneity. This
functional flexibility is partly derived from the regulation of
nervous control but also from the combined properties of the
different fiber types.

Muscle fiber types

Fiber type differentiation There are important differ-
ences in the morphologic, physiologic, and biochemical prop-
erties of fibers both within and between muscles. These
differences form the basis for the classification of fiber types.
Better understanding of the expression patterns of groups of
proteins within individual fibers has allowed refinement of
fiber type classification in recent years. For example,
myofibrillar proteins exist as different isoforms encoded by
separate genes that are expressed in a myofiber type-specific
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and co-ordinated manner.71 Fiber types can best be differenti-
ated by analyzing the specific myosin heavy chain (MyHC)
isoform(s) expressed by each fiber, since MyHC composition
closely reflects each fiber’s phenotype.20 Three MyHC iso-
forms have been characterized in adult equine skeletal
muscles at the protein level: they are designated as types I, IIA
and IIX34 or IID31 (henceforth IIX). The differential distribu-
tion of these MyHCs defines three pure fiber types containing
a single isoform (types I, IIA and IIX) and two hybrid fiber

types coexpressing two isoforms (I+IIA and IIAX) (Fig. 5.19).
Hybrid IIAX fibers exist in equine locomotor muscles as a
significant and stable population.31,32 Recent studies have
demonstrated either minimal (fewer than 0.6%)72 or no
expression of the MyHC-IIB isoform in the horse;34 hence the
fibers classified as type IIB in earlier studies are now more
appropriately classified as type IIX.
Muscle fiber type properties Certain relevant differ-
ences between the various equine skeletal muscle fiber types
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A B

C D

E F

Fig. 5.15
Immunofluorescence labeling of serial 7 μm
sections from the gluteus medius muscle of a
normal Thoroughbred, showing proteins that
link the contractile apparatus to the
extracellular matrix. (A) Beta dystroglycan;
(B) laminin alpha-2; (C) dystrophin; (D) integrin
alpha-7-beta-1d; (E) desmin; (F) collagen IV.
Working clockwise from desmin (E), contractile
force is conveyed via dystrophin (C) to the
dystrophin-associated complex (A and B) and
ultimately to the extracellular matrix (F).
Integrin alpha-7-beta-1d likely also plays a
structural role. Compare with Figs 5.14 and
5.16. Note the capillaries located around each
muscle fiber, and a central blood vessel that 
are also localized with the collagen IV antibody
in (F).

BA

Fig. 5.16
Serial 7 μm (A) and 10 μm (B) sections from
the gluteus medius muscle of a normal
Thoroughbred. (A) Immunofluorescence labeling
of neuronal nitric oxide synthase (nNOS). (B)
Hematoxylin and eosin stain. Note the
sarcolemmal distribution of nNOS, and compare
with Fig. 5.14 and Fig. 5.15.
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Diagram summarizing
the integration of
metabolic pathways in
muscle cells.
Abbreviations:
AC, aconitase;ACDH,
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are illustrated in Figure 5.20 and summarized in Table 5.1.
When studied in combination, these differences allow more
objective delineation (Fig. 5.21) and represent the con-
siderable interdependence of contractile, metabolic and
morphologic features. Type I fibers have a MyHC isoform that
hydrolyzes ATP slowly, resulting in a slow crossbridge cycle,
together with a small cross-sectional area, a high number of
capillaries and a high oxidative capacity. However, their gly-
colytic capacity and glycogen content are relatively low.
Together, these properties make type I fibers highly efficient
and economical in producing slow repetitive movements and
sustaining isometric force, but not significant power genera-
tion. In contrast, type II fibers have MyHC isoforms that
create fast crossbridge cycling and therefore develop force
rapidly. Within the type II group, type IIX fibers have a
maximal velocity of shortening that is three times higher
than that of IIA fibers.14 Hence, IIX fibers are adapted for
high power outputs for a limited time because they have a low
oxidative capacity and limited oxygen availability (as reflected
by their large cross-sectional area and relatively low capillary
supply). Type IIA fibers, however, have a considerable
number of both capillaries and mitochondria and rely on gly-
colytic and oxidative metabolism; they are therefore able to
sustain high power outputs for longer than IIX fibers. Hybrid
IIAX fibers are intermediate in their properties.20 Although
classified according to the MyHC composition, it is important
to remember that other protein isoforms vary, each closely
correlating with the fiber’s function and with one another.
Furthermore, fibers also differ with respect to other factors,
such as the availability of high-energy phosphate,74 GLUT-4
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Fig. 5.18
Diagram of intermediary
steps involved in the
transfer of substrates to
and from skeletal muscle
fibers. FFA, free fatty
acids; GLUT-4, glucose
transport protein 4.
(Adapted from Booth &
Baldwin64.)
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Diagram illustrating the relationship between muscle fiber
phenotype and the regulation of gene expression for the 
separate myosin heavy chain isoforms in adult horse skeletal
muscle. Horses only express three myosin heavy chain 
isoforms: one slow or type I and two fast termed type IIA and
type IIX. The differential expression of these isoforms defines
three major fiber types, each containing a single isoform 
(i.e. types I, IIA and IIX) and two intermediate hybrid fiber
populations containing either slow and fast IIA isoforms or 
the two fast isoforms.



protein expression (Fig. 5.22),64 the calcium sensitivity of
force production15 and carnosine and taurine contents.75–77

Muscle fiber recruitment Although muscle can be sepa-
rated into individual fiber types, the basic functional unit of
skeletal muscle remains the motor unit (see section above on
general muscle physiology). Motor units are commonly
classified according to the MyHC profile of their constituent
fibers (hence I, IIA and IIX; Fig. 5.23). This is possible 
because fibers within a single motor unit show relatively
homogeneous, although not identical, biochemical and
histochemical properties.78 Although the motor unit’s struc-
ture, function and hence role in motor control have been
studied extensively in experimental animals, they have not
been widely studied in larger mammals. However, specific
muscle fiber type recruitment has been examined in horses by
observing glycogen depletion patterns during and after exer-

cise of varying intensity and duration (Fig. 5.24).3 In horses,
it appears that motor units are selectively recruited in a
specific pattern that changes according to the gait, in addition
to the intensity and duration of exercise. For the maintenance
of posture, only type I motor units are recruited. As intensity
and duration increase, further motor units are recruited, in
the rank order: I → IIA → IIAX → IIX. Type IIX motor units
are only recruited at near-maximal exercise intensity (sprint
and jumping) and during extremely prolonged submaximal
exercise.63

Muscle fiber type distribution between and within
muscles Fiber-type composition varies extensively between
muscles and in accordance with the functional requirements
of the muscle.79 For example, significant components of the
forelimb musculature consist of postural type I fibers, while
propulsive muscles of the hindlimb contain a high proportion
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Fig. 5.20
Serial cryosections of adult horse M. gluteus
medius stained by immunohistochemistry, enzyme
histochemistry and histology. (A–D) Sections
were stained with a number of monoclonal
antibodies against specific myosin heavy chain
(MyHC) isoforms: BA-D5 (A, anti MyHC-�/slow),
SC-71 (B, anti MyHC-IIA), BF-35 (C, anti MyHCs
�/slow and IIA), and S5-8H2 (D, anti 
MyHCs �/slow and IID/X). (E–G) Sections were
assayed for myofibrillar actomyosin adenosine
triphosphatase activity after acid (pH 4.4, E) and
alkaline (pH 10.45, F) preincubations, and by
Blanco and Sieck’s quantitative histochemical
procedure (G).73 (H–I) Sections assayed for
succinate dehydrogenase and (H), glycerol-3-
phosphate dehydrogenase activities (I) and
periodic acid-Schiff (PAS) for selective staining of
glycogen (J). (K–L) PAS with �-amylase digestion,
for visualizing capillaries (K) and hematoxylin and
eosin for visualizing myonuclei (L). (M–O)
Sections were stained by immunohistochemistry
with monoclonal antibodies specific against SR
Ca2+-ATPase (SERCA) isoforms and
phospholambam: CaF2-5D2 (M, anti-SERCA1a),
MA3-910 (N, anti-SERCA2a) and 05-205 
(O, antiphospholambam).The fibers labeled 
1, 2, 3, 4 and 5 are types I, IIA, IIAx, IIaX and IIX,
respectively. Calibration bar 50 �m.



of fast-twitch type II fibers (Fig. 5.25A,B). Variation is also
seen between muscles belonging to the same synergic group.
For example, most of the triceps muscle mass consists of type
II fibers, but the medial head is composed of nearly all type I
fibers.80 Significant regional variations in fiber composition
within a muscle have also been reported in several horse
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Muscle fiber types1

I IIA IIAx IIaX IIX

No. of fibers 51 80 25 25 27

Anti-MyHC monoclonal antibodies2

BA-D5 (OD) 0.60 ± 0.02 b 0.34 ± 0.02 a
SC-71 (OD) 0.30 ± 0.02 a 0.52 ± 0.03 d 0.46 ± 0.02 c 0.34 ± 0.01 b 0.34 ± 0.01 b
BF-35 (OD) 0.47 ± 0.03 c 0.49 ± 0.03 d 0.46 ± 0.03 cd 0.36 ± 0.02 b 0.30 ± 0.02 a
S5-8H2 (OD) 0.44 ± 0.02 d 0.33 ± 0.01 a 0.37 ± 0.02 b 0.41 ± 0.01 c 0.41 ± 0.01 c

Myofibrillar ATPase activity3

Ac-mATPase (OD) 0.77 ± 0.02 d 0.28 ± 0.03 a 0.34 ± 0.03 b 0.47 ± 0.02 c 0.50 ± 0.02 c
Alk-mATPase (OD) 0.27 ± 0.02 a 0.37 ± 0.03 b 0.46 ± 0.04 c 0.52 ± 0.02 d 0.54 ± 0.02 d
Qu-mATPase (OD/min) 0.30 ± 0.02 a 0.39 ± 0.02 b 0.42 ± 0.01 c 0.45 ± 0.01 d 0.51 ± 0.01 e

Metabolic properties4

SDH (OD/min) 0.49 ± 0.02 d 0.46 ± 0.03 c 0.37 ± 0.02 b 0.34 ± 0.02 b 0.24 ± 0.03 a
GPD (OD/min) 0.33 ± 0.02 a 0.36 ± 0.03 b 0.41 ± 0.01 c 0.46 ± 0.01 d 0.47 ± 0.01 d
PAS (OD) 0.34 ± 0.02 a 0.45 ± 0.03 b

Fiber size, capillaries and myonuclei5

CSA (�m2) 3124 ± 723 a 3339 ± 763 b 4623 ± 807 c 5039 ± 1293 c 7635 ± 2930 d
cap/103 �m2 2.06 ± 0.94 b 1.96 ± 0.57 b 1.60 ± 0.41 ab 1.38 ± 0.21 a 1.23 ± 1.07 a
nuc/103 �m2 2.26 ± 0.65 b 2.32 ± 1.02 b 1.65 ± 0.36 ab 1.44 ± 0.78 a 1.11 ± 0.70 a

Anti-SERCA and PLB antibodies6

CaF2-5D2 (OD) 0.33 ± 0.03 a 0.44 ± 0.03 b
MA3-910 (OD) 0.48 ± 0.02 b 0.38 ± 0.03 a
05-205 (OD) 0.54 ± 0.03 b 0.37 ± 0.02 a
1 Hybrid I + IIA fibers are not considered in this analysis; IIAx = hybrid fibers with a predominant myosin heavy chain type IIA content; IIaX = hybrid fibers
with a predominant myosin heavy chain type IIX isoform.
2 See Fig. 5.20’s legend for origins and specificities of antibodies.
3 Ac-mATPase myofibrillar ATPase after acid (pH 4.45) preincubation; Alk-ATPase myofibrillar ATPase after alkaline (pH 10.45) preincubation; Qu-mATPase quantita-
tive myofibrillar ATPase activity (pH 7.6).
4 SDH Succinate dehydrogenase activity; GPD glycerol-3-phosphate dehydrogenase activity; PAS periodic acid-Schiff.
5 CSA Cross-sectional area; cap number of capillaries; nuc nuclear number.
6 SERCA Sarco(endo)plasmic reticulum Ca2+-ATPase; PLB phospholamban; see reference20 for sources and specificities of these antibodies.
Within a row, means with different letters are statistically different (P < 0.05), where a expresses the lowest value and e the highest. In the absence of
significant differences between type II fibers, values are presented as pooled means for all type II fibers (n = 157 fibers).
OD Optical density.

Table 5.1 Quantitative fiber type features of equine skeletal muscle.Values are mean ± SE of 208 individual fibers.
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Fig. 5.21
Principal component analysis of muscle fiber type features in a
representative sample (n = 82 fibers) to show graphically the
spatial discrimination of myosin heavy chain (MyHC)-based fiber
types.This scatter plot shows the spatial distribution of a set of
equine muscle fibers upon the basis of muscle variables included
in Table 5.1; this analysis resulted in an optimal discrimination
(100%) of all muscle fiber types; Factor 1 axis discriminates
between type I (right) and type II (left) fibers, whereas Factor 2
axis discriminates type IIA (bottom) and IIX (top) fibers.

Fig. 5.22
Transverse section of
rat extensor
digitorum muscle
samples labeled by
immunohisto-
chemistry with a
monoclonal antibody
to GLUT-4 (glucose
transport protein).
Note the higher

intensity of staining in the periphery of the smaller fibers
(presumably types I and IIA) compared with the larger ones
(presumably IIX and IIB).
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Spinal cord
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Type I motor unit Type IIA motor unit Type IIX motor unit

Peripheral
nerve
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Fig. 5.23
Diagram showing the spatial distribution of
muscle fibers integrating three different motor
units classified according to myosin heavy chain
isoform expression as types I, IIA and IIX. Note
how muscle fibers within each motor unit are
dispersed between those of others resulting in
the characteristic mosaic or checkerboard
distribution seen in transverse section.

Fig. 5.24
Transverse sections of gluteus medius muscle
biopsies (6 cm depth) to show muscle glycogen
depletion patterns in a horse competing in an
endurance ride of 120 km. Note the increase in
the number of myofibers without glycogen when
the intensity and duration of the exercise
increase. Bars, 75 �m.
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A B

C D

Fig. 5.25
(A, B) Transverse sections stained for myofibrillar
adenosine triphosphatase activity after acid
preincubation (pH 4.4) demonstrating the
differential muscle fiber type composition in two
locomotor muscles with different functions: M.
semitendinosus (A) vs M. rhomboideus cervicis
(B). Note the higher percentage of type I fibers
(black staining) and the lower proportion of types
IIA (white) and IIX fibers (gray) in the
rhomboideus muscle compared with the
semitendinosus muscle. (C, D) Transverse sections
stained with myofibrillar adenosine triphosphatase
activity after acid preincubation 
(pH 4.4) from two muscle samples removed from
the equine gluteus medius muscle at two different
sampling depths: 2 cm (C) vs 8 cm (D). Note the
higher percentage of type I fibers and the lower
proportion of type IIX fibers in the deeper region
of the muscle than in the superficial region. Scale
bar, 1000 �m.



muscles.8,9,24,25,32,48,49,81 Most locomotory muscles have
greater numbers of oxidative type I and type IIA fibers in the
deep portions and a predominance of glycolytic type IIX in
more superficial portions (Fig. 5.25C,D). This compartmen-
talization reflects the relationship between structure and
function: the deeper regions appear best suited for posture
maintenance and low-level but longer duration muscular
activity, whereas the more superficial regions are involved
with short-duration, rapid, propulsive force generation. In
general, groups studying equine muscle physiology have
formed conclusions based on data derived from a single
biopsy sample site (see reference3 for review of relevant cita-
tions); however, it is apparent that this approach may be too
simplistic. Several studies by the first author’s group have
demonstrated a greater muscular response to training in the
deeper region of the M. gluteus medius compared with more
superficial regions.82–84

Relationship to performance Some studies in horses
have shown that performance is correlated with selected
muscle characteristics (see reference3 for a review).
Unsurprisingly, endurance capacity is correlated with (1) high
percentages of type I and IIA fibers85 and (2) high activities of
oxidative enzymes,86 whereas sprint capacity is correlated
with high percentages of type II fibers.87 It is therefore feasi-
ble to differentiate the endurance potential of horses based on
the fiber type composition of certain muscles,88 although dif-
ferent conclusions have been obtained in Thoroughbreds81

and Trotters.89,90 Nevertheless, trotting speed is highly
dependent on the ability of muscle to produce energy via
anaerobic glycolysis.89 Interestingly, some myofiber proper-
ties are correlated with kinematic profiles. For example, 
stride length and frequency are positively correlated with
both the percentage of IIA fibers91 and fiber size.92 The stance
time of the stride is inversely correlated with the percentage
of IIX fibers93 and fiber diameter.92 Furthermore, some
relevant muscular adaptations to training occur with con-
comitant modifications in the temporal characteristics of
the trot.94

Control and regulation

Myogenic factors Multiple factors, both myogenic and
non-myogenic in origin, regulate the expression of proteins
that comprise the various muscle-specific organelles in each
muscle fiber (Fig. 5.26) and, in combination, these factors
also regulate the percentage of individual fiber types found
within each muscle. During development and maturation
(and regeneration following injury – see Chapter 6) these
factors change, resulting in a significant alteration in protein
expression. However, generally, the myogenic lineage from
which a muscle fiber develops defines the ultimate fiber
type.71 All fibers during embryonic development express an
embryonic MyHC isoform. At birth, some fibers are found to
express type I MyHC: these are destined to become mature
type I fibers in the adult. Other fibers express a neonatal
MyHC isoform that is gradually replaced by either IIA or IIX,
or both MyHCs: these subsequently become type II fibers in
the adult. Horse skeletal muscle has also been found to
express the �-cardiac MyHC isoform,31 but its significance is

unclear. The influence of genetic factors on equine muscle
fiber types is clearly illustrated by dramatic variations
observed between different breeds of horses (Fig. 5.27)79,95,96

and between separate genealogical bloodlines within the
same breed.97 Furthermore, there is a tendency for fiber type
ratios (type I : type II) to be inherited.87,98 During growth and
maturation, muscle fibers change in their size and histo-
chemical properties: there is a gradual conversion of fast to
slow phenotype that is especially pronounced in the first year
postpartum,99 but that may continue until about 6 years of
age100–102 or older.103

Non-myogenic factors In addition to the underlying
myogenic lineage, additional factors influence muscle fiber
phenotype. Muscle fibers are syncyteal (multinucleated),
with their myonuclei arranged peripherally throughout the
length of the fiber. The volume of cytoplasm associated with
a single nucleus is known as the myonuclear domain.104

Hence, each individual nucleus regulates the expression of
proteins within a particular cytoplasmic region. In horses,
myonuclear domains of type I fibers are smaller than those 
of IIX fibers, but similar in size to those of IIA fibers 
(Fig. 5.28).20 These observations have been related to the
different activity patterns of the various fiber types:105 the
more active type I fibers have a higher rate of both protein
synthesis and protein turnover than the less frequently
recruited faster fiber types.

Neural input also has a significant influence on muscle fiber
growth and type (fast/slow, glycolytic/oxidative) through
altered regulation of gene expression.106 This is convincingly
demonstrated by dramatic changes observed in muscles follow-

63
5 Muscle physiology: responses to exercise and training

Myogenic
factors

Slow vs fast stimulus

Genetic linkage
Inheritance
Breed differences

Neural input Extracellular factorsMuscle fiber
phenotype

Hormones
Anabolic steroids

Exercise
Training

Neuromuscular
activity

Fig. 5.26
Schematic diagram summarizing regulation of muscle fiber type.
Fiber type is determined by a combination of four factors: (1) the
myogenic lineage from which the muscle fiber developed; (2) the
innervating motoneuron that regulates fiber type via patterns of
activity and basal activity and/or via other mediators such as
neurotrophic factors; (3) activity levels influenced by exercise and
training; and (4) extracellular factors.The extracellular factors
include hormones (e.g. thyroid hormone and growth hormone),
growth factors (e.g. insulin-like growth factor and anabolic
steroids), substrate availability (e.g. �-guanidinoproprionic acid),
and various other currently unidentified factors such as certain
extracellular matrix proteins.



ing denervation (Figs 5.10, 5.29). Such regulation is par-
ticularly evident in slow type I fibers, because their basal neuro-
genic dependence is significantly greater than faster fiber types
(type I > IIA > IIX).51 Additional factors that are known to
influence myofiber diversity include hormonal and drug (ana-
bolic steroid)-induced changes,3,100–102 that may vary depend-
ing on the underlying fiber type.107 Of particular interest, and as
discussed in the sections that follow, neuromuscular (con-
tractile) activity associated with exercise and training has a
significant impact on fiber type adaptation and the expression of
fiber-specific protein isoforms.

Muscular responses to exercise

When aerobic metabolism can meet energy demands (during
submaximal exercise), oxygen uptake correlates with increas-
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Thoroughbred Standardbred

Spanish purebred Arabian

Fig. 5.27
Transverse sections of M. gluteus medius
specimens stained with myofibrillar adenosine
triphosphatase after acid preincubation 
(pH 4.4), removed at the same depth, from four
different breeds of athletic horse. Note how the
percentage of type I (oxidative) fibers and the
fiber size increases from the fastest breed
(Thoroughbred) towards the slower, more
endurance-suited breed (Arabian).
Bar scale, 150 �m.
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Fig. 5.28
Representative images of longitudinal (A and C)
and transverse (B and D) sections stained 
with hematoxylin and eosin of a muscle
containing predominantly slow fibers (type I) 
(M. sacrocaudalis dorsalis medialis, A and B)
compared with a muscle containing
predominantly fast-contracting (type II) fibers
(superficial region of the M. longissimus
lumborum, C and D). Note the increase in
myonuclear number in the fibers from the 
slow-contracting muscle compared with the 
fast-contracting muscle. Scale bar, 50 �m.

Fig. 5.29
Transverse section of
a M. vastus lateralis
muscle sample from
a horse with
denervation atrophy
(femoral paralysis)
stained with
myofibrillar
adenosine
triphosphatase after
acid preincubation.
Note selective
angular atrophy of

some type I (black) and type IIA (white) fibers, while other type I
and IIA fibers, presumably belonging to other motor units, are of
normal size. Bar, 50 �m.



ing speed.65 However, the slope of the linear relationship may
vary according to the load, incline, track surface and ambient
temperature.65 At a certain point energy demand outstrips
oxygen uptake and the shortfall must be met by anaerobic
metabolism.65 Muscle fatigue may occur during either aerobic
or anaerobic exercise: in the following sections, we consider the
major metabolic changes that occur within muscle, that are
believed to contribute to the development of fatigue.

Aerobic exercise

Muscle and liver glycogenolysis starts to occur soon after the
start of aerobic exercise. Glucose derived from the liver is sub-
sequently transported into myofibers to join the glycolytic
cascade via glucose-6-phosphate formation (see Fig. 5.17).
However, although elevated glucose-6-phosphate concentra-
tions have been detected after submaximal exercise in
horses,108 circulating epinephrine (adrenaline) released
during exercise stimulates the release of FFAs from adipose
tissue and/or liver stores, which partially inhibit glucose uti-
lization during moderate-intensity exercise.109 Nevertheless,
during prolonged submaximal exercise, blood glucose may
still account for up to 25% of the total energy output.63 This
reliance on glucose derived mainly from the liver results in an
early sparing of muscle glycogen. As energy demands
increase, higher rates of pyruvate oxidation tend to cause a
further shift towards FFA �-oxidation. The overall effect is
that muscle glycogenolysis declines over time during aerobic
exercise, whereas FFA oxidation increases.66

Although lipids are the predominant fuel utilized during
prolonged submaximal exercise, fatigue occurs long before
the complete metabolism of lipid deposits.3 At submaximal
workloads, fatigue has been associated with intramuscular
glycogen depletion (Fig. 5.30)63 because FFA oxidation
cannot produce sufficient ATP without a source of pyruvate.
During prolonged activity, glycogen depletion patterns occur
in parallel with the progressive recruitment of fiber types, i.e.
initially in type I fibers, then in IIA and finally in glycolytic IIX
(see Fig. 5.24). Therefore, muscular fatigue does not occur at
the same time in all fibers but in a progressive manner that
results in gradual compromise to performance. Following
exercise, glycogen repletion occurs in the reverse order (i.e.
IIX → IIA → I) and may take up to 72 hours,110 or sooner
with the administration of dextrose111 or nandrolone.112

Although glycogen depletion appears to play a major role in
fatigue onset during aerobic exercise, a variety of other factors
are also implicated, including AMP deamination, hyperther-
mia, dehydration, electrolyte depletion and lack of motiva-
tion.63,113,114 The onset of fatigue itself may be hard to assess
objectively but recent evidence suggests that electromyography
may prove useful in the experimental setting.36

Anaerobic exercise

The effects of high-intensity exercise on horse skeletal muscle
and development of fatigue have been comprehensively
reviewed by Snow & Valberg.3 In recent years, further
research has confirmed many previous observations and
provided new insight on mechanisms underlying the onset of
fatigue. The functional demands imposed by high-intensity
exercise require the recruitment of most motor units within a
given muscle; at this time, intramuscular glycogen and blood
glucose act as the predominant fuels to replenish ATP during
anaerobic glycolysis. In addition, some ATP is derived from
the deamination of adenosine nucleotides. In contrast to
aerobic metabolism, there is relatively little reliance on FFA
oxidation.
Lactate accumulation and pH decline Limitations
imposed by oxidative metabolism result in greater amounts of
the end-product of glycolysis (i.e. pyruvate) being converted
to lactate rather than acetyl-CoA; in the process, NAD is 
used to regenerate more ATP. As a consequence, muscle
lactate concentrations increase during anaerobic exer-
cise.89,90,115–117 This rise is correlated with the proportion of
type II fibers within muscles.118 Initially, intracellular lactate
accumulation is removed from the cell by active transport
into the blood (see Figs 5.18, 5.31).119 Saturation of this
mechanism results in a sudden exponential rise in intracellu-
lar lactate accumulation, known as the anaerobic threshold,
that generally occurs when the plasma lactate concentration
reaches about 4 mmol/L.

The rise in intracellular lactate, together with free H+ ions,
results in a significant reduction in cytoplasmic pH120 that has
been suggested to be the major cause of fatigue during anaero-
bic exercise (Fig. 5.30).63 Muscle pH may decline to as low as
6.25–6.50 and lead to impairment of both structure and func-
tion. Significant disturbance to both mitochondrial and SR
ultrastructure has been documented in horses that exhibit
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Hyperthermia Intramuscular Local acidosis
Dehydration glycogen [ATP] depletion
Electrolyte depletion depletion Accumulation of Pi
Lack of motivation

65%              85%                            VO2max

Aerobic exercise                      Anaerobic exercise

Fig. 5.30
Schematic diagram summarizing the main
causes of fatigue during or after exercise of
different intensity and duration. Intramuscular
glycogen depletion is considered to be the main
cause of fatigue during aerobic exercise (work
loads between 65% and 85% of VO2max).At
lower exercise intensities, however,
hyperthermia, fluid and electrolyte depletion
and poor motivation have been suggested to be
the primary factors in initiating fatigue. Causes
of fatigue during supramaximal anaerobic
exercise include local acidosis,ATP depletion
and accumulation of pyrophosphates (Pi).



fatigue during maximal exercise.121 Low pH leads to dysfunc-
tion of the excitation–contraction coupling mechanism, due 
to impairment of the SR calcium release channel (RYR1),
together with decreased reuptake of calcium into SR during
relaxation.120 Low pH also inhibits the glycolytic enzyme
phosphofructokinase, thereby diminishing ATP production.118

A fall in cytoplasmic pH is partially overcome by a buffer-
ing system within myofibers (Fig. 5.31). Dynamic buffering 
of H+ occurs during the hydrolysis of phosphocreatine in
reactions catalyzed by creatine kinase and by glutamine 
synthetase; static physicochemical buffering is provided 
by various proteins, bicarbonate, inorganic phosphate 
and carnosine.118,122 Race horses have been shown to 
have a higher muscle buffering capacity than humans,123

thought to be associated with their myofibers having 
high carnosine concentration.76 Muscle carnosine content
appears to be influenced by �-alanine bioavailability124 and is
greatest in glycolytic IIX fibers.76,124

Nucleotide depletion Since initial observations by 
Snow and co-workers,125 numerous studies confirm a 
decline in muscle ATP concentration during anaerobic 
exercise,17,74,89,126 suggesting that ATP regeneration can be
insufficient to meet energy demands.76 Depletion of muscle
ATP concentration has also been implicated as a primary
cause of fatigue during maximal effort in horses,63 and a cor-

relation between muscle nucleotide stores after racing and per-
formance has recently been reported.74 The fall in ATP occurs
in parallel with a rise in IMP concentration,74,126 the latter
being a particularly prominent response in equine muscle due
to high underlying AMP deaminase activity.127 High concen-
trations of IMP within muscle therefore act as a marker for
depletion of total nucleotide stores, given that reamination of
IMP to ADP and finally restoration of ATP is a slow process,
that may take up to 1 hour.125 ATP depletion and formation 
of IMP within muscles working maximally are closely cor-
related with the production of ammonia,90,115 uric acid126 and
allantoin,63 all of which may be detected in the plasma.
Theoretically, low levels of nucleotides in some fibers would
impair the optimal functioning of all ATP-dependent muscular
processes. However, because nucleotide depletion occurs
concurrently with a rise in muscle lactate and free H+ con-
centrations,74 it is still unclear which of these two mech-
anisms plays the more significant role in the development 
of fatigue.
Glycogen depletion Muscle glycogen concentration
declines rapidly during maximal exercise117,126 to an 
extent that varies between 30% and 50% depending on the
number and frequency of exercise bouts.125 Glycogen depletion
occurs most rapidly in the glycolytic low oxidative IIX fibers and
occurs simultaneously with lactate formation.3 Although
glycogen depletion is not considered to be a major factor con-
tributing to fatigue during anaerobic exercise,63 it has recently
been demonstrated that decreased muscle glycogen availability
diminishes anaerobic power generation and hence the capacity
for high-intensity exercise in horses.128,129

Other muscular changes Other factors that, though not
necessarily contributing directly to fatigue, may result in
reduced performance are reviewed by Snow & Valberg63 and
include increased intracellular potassium concentrations,130

a stochiometric modification to the proportions of free carni-
tine and acetylcarnitine,131 increased formation of alanine
from pyruvate132,133 and significant changes in the free intra-
cellular amino acid pool.134 Additional factors that are impli-
cated include a reduction in calcium SR uptake through
decreased Ca2+-ATPase activity135 and a rise in muscle tem-
perature occurring during high-intensity exercise.120

Muscular response 
to training

Overview

Equine skeletal muscle has considerable potential to adapt
during training, largely mediated by the structural and
functional plasticity of myofibers. These long-term adaptations
occur independently from the immediate or short-term physio-
logic responses to either aerobic or anaerobic exercise and are
associated with altered rates and regulation of transcription of
specific genes and consequently a change in the amount or
isoform of proteins expressed within muscle fibers.136

Depending on the nature (type, frequency, intensity 
and duration) of the stimulus (exercise training), the adaptive
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Fig. 5.31
Schematic diagrams illustrating intramuscular acidosis and
buffering capacity of muscle (according to Hyyppä & Pösö).118

(Upper) Performance inhibition (dotted arrows) caused by the
accumulation of protons and lactate anions. (Lower) Diagram
summarizing the major regulatory mechanisms that control
intramuscular pH (explained in reference118).
PCr = phosphocreatine; Cr = creatine.



response can take the form of: (1) hypertrophy, when myofibers
increase in size but otherwise retain their basal structural, phy-
siologic and biochemical properties; or (2) remodeling without
hypertrophy, where myofibers do not enlarge but acquire
markedly different enzymatic and structural characteristics,
often accompanied by changes in the microvasculature; or (3) a
mixed response, i.e. remodeling in conjunction with hyper-
trophy (Fig. 5.32). Furthermore, the modality and amplitude of
the response depend significantly on the basal muscle profile
before training.137 This is because the increased contractile
activity that is associated with training induces a change
towards slow and oxidative muscle profiles. Hence fast-twitch
fibers (and therefore muscles that contain a higher proportion of
glycolytic fibers) can show a relatively greater training adapta-
tion than slow-twitch fibers. This response is particularly promi-
nent in young inactive horses, which have a high percentage of
glycolytic (low oxidative) pure IIX fibers (Fig. 5.33A,B), in con-
trast to active but more mature horses which have muscle fiber
type profiles that are more oxidative (Fig. 5.33C,D). Although it
can be hard to differentiate altered fiber properties caused by
growth and training, specific training effects have been delin-
eated in growing foals99 and young horses.83,84,138–141 Overall,
muscular adaptations with training have important physiologi-
cal implications that influence power generation, shortening
velocity and resistance to fatigue.

Muscular adaptations to training

Muscle fiber size

The effects of training on equine muscle fiber size are still con-
troversial. In general, the adaptive response of equine skeletal
muscle to early and long-term exercise training takes the
form of remodeling with minimal, if any, muscle fiber hyper-
trophy (see references3 and 142 for reviews). However, specific

muscle fiber hypertrophy can be stimulated with bursts of
muscle activity against high resistance83,143 and by pro-
longed stretch beyond normal resting length.12,84 Six months
of conventional jump training in competitive showjumpers
also induces a selective hypertrophic growth of type II fibers,
with minimal switching between myofiber phenotypes.144

Other longitudinal studies have also reported significant and
early (less than 3 months) increases in the mean cross-sec-
tional areas of type I and/or IIA fibers after train-
ing.72,82,145,146 This is partially explained by the simultaneous
fiber type conversion in the direction IIX → IIA → I, since IIX
and IIA fibers show greater cross-sectional areas than type I
fibers (see Table 5.1). In contrast, in other 
studies of Standardbreds and Thoroughbreds, minimal
changes5,19,147,148 or a reduction in type II fiber cross-sectional
area139,149–151 have been reported. These observations are hard
to reconcile with the prominent increase in muscle mass, espe-
cially in the hindquarters, that is generally observed in horses
after most training programs.3,143 When considered together,
the only explanation for an increase in muscle mass, despite
either no change or a reduction in fiber size, is a parallel increase
in the number of muscle fibers (hyperplasia) that has previously
been demonstrated in human beings.152

Muscle fiber type transitions

Muscle fiber type distribution and MyHC composition are
strongly influenced by training (Figs 5.34, 5.35). Studies on
endurance training in horses have demonstrated (by
myofibrillar ATPase histochemistry) increases in the fraction
of type IIA fibers, with concomitant decreases in IIX
fibers82,95,149,150,153,154 together with a relative reduction in
MyHC-IIX and increase in MyHC-IIA.84 In addition, several
endurance training studies in horses have reported fiber tran-
sitions beyond type IIA fibers, i.e. an increase in hybrid I+IIA
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Summary of the three basic responses of skeletal muscle to training

Short isometric actions Tonic and prolonged actions
Light and prolonged overextension Repeated activities (endurance training)
Compensatory hypertrophy

Myofiber hypertrophy Intracellular reorganization
Increased synthesis of muscle proteins Changes in the expression of metabolic proteins
Increase in thickness and length of muscle mass Increase in mitochondria and capillaries

Changes in the expression of contractile proteins

Improvement of muscle strength generation Increase of muscle resistance
Decrease of muscle velocity shortening
Higher efficiency and economy of metabolism

1) Hypertrophy                                                    2) Qualitative

3) Mixed responses

Stimulus

Responses

Implications

Fig. 5.32
Summary of the
three basic
responses of
skeletal muscle to
training:
(1) hypertrophy,
(2) remodeling
without
hypertrophy, and
(3) remodeling
with hypertrophy.
Possible stimuli
and the nature of
the responses and
physiological
implications are
indicated.



fibers, and pure type I fibers.5,82,84,155 Fiber type transitions
during resistance training appear to resemble qualitatively
those observed in endurance training. Hence, strength train-
ing in horses has been shown to result in an increase of both
the IIA : IIX fiber ratio141,145 and, when training is long
enough, the I : II fiber ratio.83 Similarly, sprint training in
horses has been shown to cause increased numbers of type
IIA and decreased numbers of type IIX fibers,156 with cor-
responding alteration to the respective MyHC content.72,157

In contrast to endurance and strength training, a specific
decrease of type I fibers has been reported as an early, 
and probably transitory, response to high-intensity 
training.156,157

When these various training studies are considered 
in combination, it is reasonable to assume that fiber type
transitions occur in a graded and orderly sequential manner
and typically change from faster, more glycolytic fibers to
slower and more oxidative fiber types, i.e. IIX → IIAX → IIA
→ IIA+I → I.137 A dose–response relationship between the
duration (in total) of the training program and the magni-
tude of induced changes has recently been demonstrated at
the molecular level.83,84 This relationship can be explained
more readily in terms of a threshold for the type IIX → IIA
transition during the early phase of training, and then a
further threshold for the type IIA → type I transition. Thus, a
single fiber is capable of a complete fast-to-slow transforma-
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Before training After training Fig. 5.34
Transverse serial sections of M. gluteus medius
biopsies (depth, 6 cm) of the same horse before
(A and B) and after (C and D) a long-term
endurance training program (9 months in total).
(A and C) Sections are stained by
immunohistochemistry with a monoclonal
antibody to types I or IIA myosin heavy chain
isoforms; note that almost all muscle fibers
express either or both of these isoforms after
training. (B and D) The same sections stained by
immunohistochemistry with a monoclonal
antibody specific to type IIA myosin heavy chain
isoform; note the significant increase in the
number of fibers expressing this isoform after 
9 months of training. Scale, 50 �m. Details of the
training program are described in reference84.

Fig. 5.33
Transverse serial sections of gluteus medius
muscle biopsies stained with myofibrillar ATPase
after acid preincubation at pH 4.45 (A and C) and
succinate dehydrogenase (B and D) in a young
adult (3 year old) and untrained Andalusian horse
(A and B), and in an adult and regularly trained
(10 year old) Andalusian horse (C and D). Note
that the young animal has a lower proportion of
type I fibers and a higher percentage of low-
oxidative type IIX fibers than the adult horse;
furthermore, differences in fiber size are much
more pronounced in the young animal than in the
adult.This therefore may explain the broader
range of adaptive responses to training in young
untrained horses than in adults or regularly
trained animals. Bar, 50 μm.



tion in response to a sufficiently long physiological training
stimulus. Although many reports have investigated the train-
ing response shown by muscle fibers in terms of the MyHC
component, it is important to remember that many other
protein isoforms, such as the sarcomeric isoproteins, the reg-
ulatory proteins of the thin filaments and the calcium regu-
latory proteins of the SR, change in parallel.158

Metabolic changes and increased capillary
density

Perhaps the most commonly detected and earliest muscular
adaptation to training is an increase in the activity of
enzymes of aerobic metabolism, such as selected enzymes 
of the TCA cycle, the electron transport chain and fat 
oxidation.72,84,86,100,156 These changes are associated 
with increased mitochondrial and capillary densities 
(Fig. 5.36).12,82,93,159,160 The latter response promotes im-
proved oxygen diffusion and more expeditious removal of
waste products (such as CO2).

The activities of key anaerobic enzymes, such as phospho-
fructokinase and lactate dehydrogenase, either do not change or
decrease following training.3,72,84,86 Although training also
results in an increase in the activity of AMP deaminase and
other enzymes of the purine nucleotide cycle, such as creatine
kinase (discussed in reference3), the concentration of total
nucleotide stores is not affected by training.156 Training has also
been shown to result in a modest increase in muscle glycogen
storage84,148,161 that may well be associated with reduced levels
of glycolytic enzymes, since the capacity to mobilize endoge-
nous glycogen is partially influenced by the absolute activity of
anaerobic enzymes expressed within muscle fibers.64 In experi-
mental animals, training is known to increase the sensitivity of
glucose uptake across the sarcolemma, via increased GLUT-4
expression in muscle.162 In horses however, moderate-intensity
exercise training increases middle gluteal muscle GLUT-4
protein content, but this change is not reflected in an increase in
sarcolemmal glucose transport activity in postexercise muscle
samples.163 Furthermore, the transfer of FFAs from the vascular
to the intracellular compartment is also enhanced with

69
5 Muscle physiology: responses to exercise and training

Fig. 5.35
Eight percent sodium
dodecyl polyacrilamide
gel electrophoresis of
muscle samples from
the gluteus medius
muscle of a control
horse (upper row)
and a trained horse
(bottom row)
throughout an
experiment to
investigate the effects
of prolonged
endurance exercise
training and detraining
program. 0,
pre-training; 3 and 8,
after 3 and 8 months 
of training; 11, after 

3 months of detraining. More details of the experiment in Serrano &
Rivero.83 The three myosin heavy chain isoforms are identified as I,
IIA and IIX. Note the effect of training on the relative densities of
the I and IIX bands, indicating a fiber type transition in the order 
IIX → IIA → I.
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Fig. 5.36
Transverse serial sections of muscle biopsy
samples of the M. gluteus medius from the same
horse removed before (A and B) and after 
(C and D) 9 months of prolonged endurance
training. (A and C) Sections are stained with
succinate dehydrogenase to demonstrate the
oxidative capacity of individual muscle fibers;
note the increase in the number of fibers with
dark staining after training. (B and D) Sections 
are stained with the �-amylase PAS to visualize
capillaries; note the increased capillary density
(e.g. number of capillaries per mm2) after the
training program. Scale, 75 μm.



endurance training, via an increase in extracellular (interstitial)
albumin concentration.164

Physiological adaptations and buffering
capacity

Significant effects of training on electrical membrane proper-
ties and ion channels have recently been reported in horse
skeletal muscle.165–167 Short-term exercise training of moder-
ate intensity results in an increase in the density of Na+/K+-
ATPase pumps, measured by oubain binding assays, together
with an attenuation in K+ efflux from working muscles
during high-intensity exercise. Although physiologic implica-
tions of these training-induced adaptations are unclear,
enhanced ionic control at the sarcolemma may result in
myofibers that are better able to respond to the rate of motor
neuron discharge.168 Additional responses following physical
conditioning include increased SR calcium uptake and Ca2+-
ATPase activity and an attenuation of the exercise-induced
decline of both calcium uptake and Ca2+-ATPase activity.169

Several studies have reported an increase in buffering
capacity of equine skeletal muscle after a few weeks of sprint
training.170–172 This increase may be due to (1) increased
incorporation of myofiber protein, (2) higher muscle
carnosine concentrations or (3) increased creatine phosphate
concentrations.118 However, no differences in muscle
carnosine concentration were found between trained and
untrained Thoroughbreds.173

Detraining

Adaptive training responses of skeletal muscles are main-
tained through 5–6 weeks of inactivity,12,148,150 but not
beyond 12 weeks.82–84,174 This maintenance of the trained
phenotype during inactivity appears more prolonged in
horses than other athletic species. It has been suggested that
expression of the MyHC-IIX gene constitutes a default setting
that may be altered (decreased) by chronic increases in con-
tractile activity (i.e. training), and compensated for by
increased expression of MyHC-IIA.175 In line with this
hypothesis is the observation reported in horses that a return
to sedentary activity levels following a prolonged period of
endurance training results in normalization of expression of
MyHC-IIX, via a slow-to-fast fiber type transformation in the
order I → IIA → IIX (Fig. 5.35).84 These detraining-induced
changes in MyHC phenotype occur in parallel with a rever-
sion of the muscle’s size and metabolic and capillary charac-
teristics to pre-training levels.84 Thus, fiber sizes decrease,
together with a decline in mitochondrial density, aerobic
enzyme activities and glycogen content, and an increase
(normalization) of anaerobic enzyme activities.

Possible mechanisms underlying
muscular adaptations to training

Skeletal muscle responds to altered functional demands by
specific quantitative and/or qualitative alterations in gene
expression (Fig. 5.37), provided that the stimuli are of suf-

ficient magnitude and duration.158 Repeated or persistent ele-
vation of neuromuscular activity (i.e. during exercise and
training) induces a series of concerted changes in gene
expression, evoking either myofiber hypertrophy or myofiber
remodeling, or both.136 Myofiber hypertrophy is character-
ized by a generally co-ordinated increase in abundance, per
fiber, of most protein constituents. To a limited extent, this
process includes the selective and transient activation of
specific genes immediately following the onset of work over-
load. The major events however, underlying muscle hypertro-
phy involve a general and non-specific augmentation of
protein synthesis within cells. Remodeling of myofiber phe-
notype, with minimal or no hypertrophy, is the typical mus-
cular response to prolonged training in the horse.84 During this
type of adaptation, myofibers undergo a striking reorganization,
with selective activation and repression of many genes. Thus,
switching among different myofibrillar isoproteins occurs in a
graded and orderly sequential manner.158 These changes occur
in parallel, but not simultaneously over time, and correspond to
the changes observed in enzymatic profiles, cytosolic proteins
and membrane receptors and transporters.

The complexity and pleiotropic nature of the physical and
metabolic stimuli presented to myofibers during contractions
that ultimately result in altered gene regulation have been
reviewed by Williams & Neufer.136 Acetylcholine released from
motor neurons and other signaling molecules of neural origin
bind to cell surface receptors on myofibers and trigger intracel-
lular events that may be linked to altered gene expression and
hence to appropriate modifications (Fig. 5.38). Additional
signals are probably derived from contracting myofibers experi-
encing mechanical stresses that perturb the sarcolemma and
extracellular matrix, as well as exerting tension via intermediate
filaments on the cytoskeleton, organelles and the nucleus.176

Changes in the intracellular concentrations of ions and meta-
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Schematic diagram showing different steps in the regulation of
gene expression in skeletal muscle associated with increased
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bolites during chronic muscle contractions have also been
implicated in the activation of signaling pathways.64 These mes-
sengers include alterations in calcium concentration, acidosis
during anaerobic exercise, the marked reduction in phosphory-
lation potential of the adenylate system ([ATP]/[ADPfree]), a
depletion of the redox state (NADH/NAD), and hypoxia. Among
all these factors, the imbalance between energy requirement
and energy supply is perhaps the most important signal trigger-
ing an appropriate adjustment in contractile and metabolic
protein expression.177 Recent years have seen significant
advances in our understanding of the signaling mechanism by
which the information contained in specific action potential pat-
terns is decoded by the transcriptional machinery of muscle
fiber nuclei.178 For example, Ras-mitogen-activated protein
kinase179 and calcineurin180 signaling have recently been impli-
cated in the �-motor neuron induction of slow muscle fiber phe-
notype, but not muscle growth. Conversely, a protein kinase
B-dependent and rapamycin-sensitive pathway controls
myofiber growth but not fiber type specification.181

Specific genes that regulate skeletal muscle following con-
tractile activity include most genes that encode sarcomeric
and cytosolic proteins, and enzymes of the glycolytic
pathway, TCA cycle, the electron transport chain and fat oxi-
dation.136 There are, however, special signals for control of
mitochondrial genes. These pathways require co-ordinated
induction of some nuclear genes encoding mitochondrial
proteins, as well as increased expression of genes located
within mitochondrial DNA. The factors that promote angio-
genesis in skeletal muscle in response to training have not
been clarified although they may be related to a chronic
increase in muscle capillary blood flow and the corresponding
endothelial shear stress, as well as increased capillary wall
tension.182 Hudlicka and colleagues speculated that endothe-
lial stress may disturb the luminal surface, resulting in the
release of bound proteases that damage the basement mem-
brane and contribute to an increase in basic fibroblast growth
factor release.182 Subsequently, the growth factors may
enhance vascular growth and satellite cell proliferation.183

However, much information is still unclear, including the
influence of training intensity and duration on neovascular-
ization and the mechanisms that underlie the increase seen in
intramuscular substrates in response to long-term endurance
training. These latter adaptations may be related to either (1)
increased glucose and FFA availability (via GLUT-4 and

albumin respectively), (2) a lower utilization of these sub-
strates for energy production or (3) possible artefacts imposed
by experimental design (i.e. they may be a reflection of
increased dietary intake of soluble starches and fat from a
parallel change in diet for horses in training).3

Implications of training-induced
changes to the physiologic response 
to exercise

The main physiologic consequence of increased muscle mass
in response to training is to produce a muscle with a greater
peak force capacity, because force output is proportional to
total cross-sectional area of the fiber mass recruited.168 At
slow speeds, this adaptation has an impact on gait, causing a
marked reduction of both stance time and stride duration.95

Additionally, such an adaptation has a significant impact on
the performance of showjumpers via enhanced power output
from the hindquarters.144 Furthermore, because increased
power output results in a greater ability to accelerate and
may increase stride length, these training adaptations
(strength rather than endurance) may be important for race
horses competing over short distances.3 However, enhanced
power through training comes with the cost of a correspon-
ding decline in aerobic potential, because the increased mass
of recruited fibers and concomitant rise in ATP utilization
occur simultaneously with a relative inability of oxygen to
diffuse into the larger fibers.150

From a physiologic standpoint, remodeling of myofiber phe-
notype with minimal or with no hypertrophy, in response to
training, produces a muscle that is much more resistant to
fatigue but with an intrinsic decrease in maximal velocity of
shortening. The rise in resistance to fatigue corresponds to each
myofiber’s increased oxidative capacity. The reduction in con-
tractile speed is associated with the switch of muscle fiber types
and the increased expression of slow MyHC and other contrac-
tile protein isoforms.14 In a similar but reciprocal fashion to that
described for strength training, some conventional training pro-
grams of young race horses produce a decrease in the size of
type II fibers151 and a corresponding decline of both speed and
force of contraction.63 Clearly a balance must be acquired at a
level most appropriate for the intended use of the horse: in
general, training programs in race horses should be aimed at
the development of muscle properties that optimize an equilib-
rium between speed, stamina and strength.

Following endurance training, exercise at submaximal
intensities elicits optimal delivery of oxygen and bloodborne
substrates, an early activation of oxidative metabolism with a
lower utilization rate of endogenous carbohydrates and an
increased reliance on fat oxidation as an energy source. Muscle
glycogen sparing is underlying the delay in the onset of fatigue
during this type of exercise. It seems highly probable that all
these metabolic adaptations are largely responsible for the
increased endurance in the trained state and the lower propen-
sity for individual muscles to fatigue as measured electromyo-
graphically following 8 weeks of aerobic conditioning.36 The
increased oxidative capacity, which is observed in skeletal
muscle after training, occurs concurrently with increased
maximum oxygen uptake12 and a significant reduction in the
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net rate of muscle glycogenolysis and anaerobic metabo-
lism.184 As a consequence, in the trained state, the speed at
which a horse begins to accumulate lactate increases gradually
(i.e. there is a delay in the onset of lactate accumulation, and
ATP depletion).63,140,141 This is accomplished by enhanced
muscle buffering capacity and more efficient excitation–con-
traction coupling. Hence collectively, endurance may be
enhanced by a wide variety of related factors that delay the
onset of fatigue during anaerobic exercise.
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to underlying disease. Cell membrane damage causes abnor-
mal ion fluxes and osmotic imbalance that rapidly perturbs
fiber homeostasis. Normally the resting myoplasmic Ca2+

concentration is maintained at a concentration that is
60–100 times lower than that of the extracellular fluid
(Chapter 5). Membrane damage allows Ca2+ to enter the
cytoplasm from the interstitium, causing activation of
destructive cellular proteases and inhibition of mitochondrial
respiration.1,2 Necrotic cell death is often associated with
inflammatory responses including the chemotaxis of neu-
trophils and macrophages and collagen deposition. However,
in certain muscle diseases, fibers die without marked
inflammatory responses in which case apoptosis may be
responsible.3

Muscle’s remarkable regenerative capacity is usually asso-
ciated with a characteristic sequence (Fig. 6.1). Following
injury, ruptured myofibers retract, forming a gap between the
stumps and allowing access for inflammatory cells via capil-
laries.4 ‘Contraction bands’, condensations of cytoskeletal and
sarcomeric material, plug the myofiber stumps and prevent
further damage prior to plasma membrane repair.5,6 Satellite
cells, a subpopulation of adult skeletal muscle stem cells7 that
are normally relatively undifferentiated, quiescent and located
between the myofiber’s sarcolemma and its basement mem-
brane (Fig. 6.2), are responsible for regeneration. Growth
factors cause satellite cell activation, division and differentia-
tion within 24 hours.8 The cells migrate into the damaged
region and over a period of about 5 days, fuse to form multin-
ucleated myotubes (often within the basal lamina of the
damaged fiber).9 As the proteins of the myofilaments mature,
myotubes gradually differentiate into myofibers,5 a process
taking several months during which histopathology reveals
immature fibers of variable sizes and with internally located
nuclei (Fig. 6.3).10 Basement membrane damage results in
more extensive fibrosis that may impede reinnervation and
revascularization and hence regeneration.9 Scarring may
hinder action potential proliferation; however, this is over-
come by sprouts from nearby axons piercing interposed scar
tissue and creating new neuromuscular junctions (Fig. 6.4).9

Veterinarians have long recognized muscle diseases of ath-
letic horses, but only recently have there been significant
advances in our understanding of the etiopathogenesis
underlying these disorders. These achievements can be
attributed to various factors including: (a) recognition of
similarities between human and equine muscle diseases; (b)
greater awareness that muscle has a limited pathological
response despite different mechanisms of injury; (c) subdivi-
sion of diseases based on breed susceptibility and histopathol-
ogy; and (d) the application of molecular and cellular
investigative techniques. Future developments should lead to
more accurate diagnostic tests and better treatments, thereby
enabling the veterinarian to provide an improved service,
while benefiting from a more clinically rewarding experience.

General response of muscle
to trauma and disease

Muscle tissue has a limited pathological response to different
insults whether traumatic, ischemic, exercise induced or due
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Muscle damage caused by
trauma, strains and tears

● Muscle damage caused by strains or tears is common in
athletic horses.

● The site of damage dictates the signs that may include
lameness or back stiffness.

● Plasma CK and AST activities may be mildly elevated.
● Ultrasound, thermography and scintigraphy can aid

diagnosis.
● Rest and non-steroidal anti-inflammatories often bring full

return to function.
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Fig. 6.1
Repair and
regeneration in muscle
following damage and
disease. (A) Normal
muscle fiber
surrounded by a
basement membrane
that covers the
occasional satellite cell
together with a rich
network of capillaries.
(B) Damage causes
myofiber disruption
that may or may not
involve the basement
membrane and
hematoma formation,
depending on severity.
(C) Myofiber stumps
retract and the ends
become plugged with
the contraction band,
made of sarcomeric
proteins. Macrophages
migrate into the
(remnants of the)
basement membrane
cylinder within the first
24 hours and engulf
and remove damaged
tissue. (D) Satellite
cells become activated
(12–24 hours following
injury), proliferate,
differentiate into
myoblasts and migrate
to the damaged region.
By days 2–3, satellite
cells align and bridge
the gap, fusing between
the fiber stumps (E).
The process continues
over the next week as
narrower, more
differentiated myotubes
with internally located
nuclei form (F)
followed by more
mature myotubes (G).
Nuclei return to the
normal
subsarcolemmal
location over several
months (H).
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S

Fig. 6.3
Hematoxylin and eosin transverse section from a
M. gluteus medius biopsy from a horse with
idiopathic recurrent exertional rhabdomyolysis.
A few fibers have internalized nuclei (circled), and
signs of fiber splitting (S) are evident.
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F G

Fig. 6.2
Satellite cells in vivo and in vitro. (A) Satellite cell in
situ on the sarcolemmal surface of a 9-day-old B10
mouse muscle fiber. Notice the patchwork-like
distribution of myofibrils in the muscle fiber and the
satellite cell nucleus marked with an asterisk. (B)
Higher power view of the satellite cell from (A)
showing the sarcolemma (arrows) and the basement
membrane (arrowheads). (C) Single muscle fiber in
culture following its isolation from a transgenic mouse
that expresses lacZ (blue staining) in satellite cell
nuclei in response to Myf5 transcription factor
expression;231 notice the fiber striations and the
unlabeled subsarcolemmal myonuclei (arrowhead). (D)
Single fiber from a transgenic mouse (as in C)
following several days in culture. Notice the
proliferation of satellite cells. (E) Following several
further days in culture, satellite cells begin to fuse into
myotubes. (F) H2K myoblasts in culture labeled with a
monoclonal antibody to the muscle-specific protein,
desmin (green); nuclei are stained blue with the
chromosomal DNA marker 
4,6-diamidino-2-phenylindoledihydrochloride hydrate
(DAPI). (G) H2K cells as in (F) following their
differentiation and fusion into myotubes.
(A & B courtesy of Dr Susan Brown, C, D & E
courtesy of Dr Peter Zammit, Imperial College of
Science Technology and Medicine, UK.)



Recognition

History and presenting complaint

Delay in the onset of inflammation after trauma may compli-
cate the history, but pain may be evident in showjumpers and
eventers (both prone to lumbar and gluteal strain) as unwill-
ingness to jump or turn sharply11 or in other animals as mild
to moderate lameness or stiffness. Generally injuries occur
during exercise but severe muscle damage can follow pro-
longed recumbency12 or direct trauma.13,14

Physical examination

In acute stages, palpation reveals painful muscles with focal
heat, swelling and edema. Trauma, secondary to impact
injury, may be associated with overlying skin damage. In
more chronic cases an organizing hematoma and/or a scar
may be palpable. Certain lacerations and muscle tears may
manifest as an abnormally held limb, unusual gait or an
inability to bear weight.14,15

Special examination

Radiography may rule out bony abnormalities such as avulsion
fractures. Thermography, scintigraphy and ultrasound can aid
diagnosis and lesion localization and help assess healing.16–18

Laboratory examination

Plasma muscle enzyme activities may be increased in the
early stages.

Diagnostic confirmation

In some cases establishing a definitive diagnosis may be
difficult, but confirmation is aided by ruling out skeletal injury.

Treatment and prognosis

Therapeutic aims

Minimizing further damage while allowing for repair and
regeneration of the damaged muscle and providing analgesia
are critical.

Therapy

Adequate rest followed by gradual return to exercise is essen-
tial. Severe injuries may require immobilization in casts or
splints. Non-steroidal anti-inflammatory drugs (NSAIDs)
(e.g. phenylbutazone 4.4 mg/kg i.v. or p.o. q 12 h for one day
followed by 2.2 mg/kg p.o. q 12 h for several days; or flunixin
meglumine 0.5–1.1 mg/kg i.v. or p.o. q 12 h or q 24 h)
provide analgesia and may reduce fibrosis. Massage, electrical
stimulation and swimming may speed recovery.

Prognosis

The prognosis for most muscle strains and tears is good,
although fibrosis may cause mechanical lameness.19 When
severe, or where tearing occurs near the myotendinous junc-
tion, the prognosis for return to full function becomes guarded.

Prevention

Although traumatic injuries are hard to prevent, exercise-
induced injuries are less likely when horses are warmed up
before work and exercise schedules are intensified gradually.

Exertional rhabdomyolysis
syndromes (during acute
and between intermittent
episodes; acquired,
idiopathic, defective calcium
regulation, polysaccharide
storage myopathy)

● Both acquired and inherited forms of exertional rhab-
domyolysis exist.

● Overexertion is a common acquired cause.
● Likely inherited causes include a disorder of defective

myofiber calcium regulation and another associated with
abnormal muscle polysaccharide accumulation.

● Environmental effects probably modify the phenotype in
genetically susceptible animals.
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● Severity ranges from subclinical to life threatening.
● Pain may be severe.
● Plasma CK and AST activities are moderately to markedly

elevated.
● Myoglobinuria may cause renal tubular damage and acute

renal failure.
● Muscle biopsy is indicated in animals with histories of

multiple episodes.
● In acute cases, rest and intravenously administered

isotonic fluids and analgesics form the mainstays of
treatment.

● Dietary management can prevent episodes recurring in
some horses.

There are many historical, somewhat speculative reports sug-
gesting different possible causes of equine exertional rhab-
domyolysis (ER).20 A large number of causes is unsurprising
given the numerous acquired and inherited forms in
humans.21 However, since certain types of equine ER appear to
have underlying genetic causes, the intermittent and varying
severity of phenotype in these animals may be explained by the
influence of modifying genes and environmental factors,
factors that in the past were determined to be the primary eti-
ology. Episodes of rhabdomyolysis not generally associated
with exercise may be of toxic, infectious, immune-mediated or
iatrogenic origin and are not included in this chapter but are
discussed in detail in general medicine texts.12,22

The recent identification of certain specific forms of ER
means that classification can now be based on the underlying
etiopathogenesis. In the text that follows, the clinical sections
have been written in a manner aimed at the investigation of a
case with unknown etiology, when there are generally two
presentations. The first is that of an animal with acute signs
requiring emergency medical treatment. The second scenario
is a clinically normal horse with a history of several episodes
of ER or a history of poor performance. The clinical investi-
gation and management for each situation differ, even
though the underlying cause may be the same and for this
reason they are considered separately.

Acute exertional
rhabdomyolysis

Recognition

History and presenting complaint

Often the history includes training or management changes.
The complaint may vary from a mild stilted gait to severe stiff-
ness, sweating or recumbency.23 However, most animals are
mildly or moderately affected.

Physical examination

During an attack, horses with ER show varying clinical signs.
Mildly or moderately affected animals are tachycardic, with

firm painful hindlimb, epaxial and gluteal musculature
causing gait stiffness.23 In some, pain localization may be
difficult or pain may be manifest in other ways: male horses,
for example, may frequently posture to urinate24 and other
horses exhibit colic. Pigmenturia may be evident, especially
in more severe cases (Fig. 6.5). These animals are often
extremely painful, tachycardic, hyperthermic and tachy-
pneic; they sweat profusely and may be totally unwilling or
unable to move.23 These horses have widespread muscle
involvement and may become recumbent. The worst affected
animals may show signs compatible with underlying shock
and disseminated intravascular coagulation.

Special examination

The history, clinical signs and clinicopathologic investigation
(see below) are usually sufficient to establish a diagnosis of ER
but scintigraphy may be helpful to localize and quantify
muscle involvement in certain cases.16

Laboratory examination

Blood samples Routine clinicopathologic changes in mild
cases usually consist solely of elevations in the activities of the
muscle-derived enzymes CK and AST. CK is the most conven-
ient and specific marker of acute muscle damage and peaks at
4–6 hours following muscle damage and (unless the damage
continues) starts to decline, with a half-life of approximately 12
hours (Fig. 6.6).25 AST activity peaks about 24 hours after an
episode and may remain elevated for several days to weeks.12,24

Although both CK and AST activities rise in proportion to the
degree of muscle damage, they do not always reflect the sever-
ity as assessed clinically12 or the prognosis. Other markers,
sometimes used experimentally to assess muscle damage, such
as serum myoglobin concentration or aldolase, LDH and car-
bonic anhydrase III activities, offer few if any clinical advan-
tages over the measurement of CK and AST.
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Fig. 6.5
Urine containing
myoglobin (brown
discoloration) from a
horse with severe
rhabdomyolysis 
(plasma CK activity 
> 700 000 IU/L).



More severe cases have additional less-specific abnormali-
ties. Hyperkalemia may reflect the release of potassium from
damaged muscle fibers. The hematocrit and total protein may
rise due to intracompartmental fluid shifts. High serum crea-
tinine concentration suggests the possibility of acute renal
failure. Complex acid–base abnormalities are sometimes present
as the usual hypochloremic metabolic alkalosis26 shifts to meta-
bolic acidosis if shock ensues. Widespread hematological and
biochemical abnormalities are evident in terminal cases.
Urinalysis A urine sample collected early during treatment
may, with microscopic examination, reveal urinary casts, a
useful indicator of tubular necrosis and impending acute renal
failure, prior to the plasma creatinine concentration rising.

Reagent strip analysis of urine does not differentiate myo-
globin from hemoglobin, so specific assays are required to
determine the cause of any pigmenturia.12 However, meas-
urement of urinary myoglobin concentration is not usually
necessary in an animal with significantly elevated serum
muscle enzyme activities. Mild pigmenturia is a normal
finding in some horses following high-intensity exercise.27

The calculation of electrolyte clearance ratios (see below)
during an episode of ER may help evaluate renal function,28

but should not be used to determine whether electrolyte
imbalances were responsible for precipitating the attack.

Necropsy examination

Histopathological assessment often reveals widespread
muscle involvement, even in non-locomotor muscles.
Occasionally there may be focal muscle involvement so a
wide selection of muscles should be sampled, including
several epaxial muscles, forelimb and hindlimb locomotor
muscles and psoas.

Diagnostic confirmation

In the acute form the disease may be confused with colic,
laminitis, tetanus, hyperkalemic periodic paralysis and some
cardiac arrhythmias. However, usually these diseases are
readily distinguishable by additional signs, specific tests and
the lack of significantly elevated serum muscle enzyme activ-
ities. Occasionally sedentary horses may present with classic
signs of rhabdomyolysis with markedly elevated serum
muscle enzyme activities. In these animals underlying

genetic susceptibility, more usually associated with exertional
forms of the disease, is possible because other events such as
stress may precipitate attacks. Toxic, infectious or immune-
mediated causes should also be considered.12,22,29

Treatment and prognosis

Therapeutic aims

The therapeutic goals are to minimize further muscle
damage, establish and maintain diuresis, correct underlying
systemic abnormalities and provide analgesia. Early treat-
ment is essential.30

Therapy

Management Exercise should be stopped and the horse
rested in a deep-bedded stall. In very mildly affected animals
gentle hand walking is sometimes recommended.
Fluid therapy Mildly affected animals, in which vital signs
are close to normal, can recover without intravenous fluid
therapy. However, they should be monitored for signs of dete-
rioration. In moderate to more severe cases, however (even in
those without clear pigmenturia), establishing diuresis and
preventing or treating hypovolemia is the priority because
myoglobin is nephrotoxic. Large volumes of isotonic fluids are
usually effective (0.9% NaCl or lactated Ringer’s solution
infused intravenously at 100–150 mL/kg/24 h). The addi-
tion of sodium bicarbonate to fluids, though rarely neces-
sary,26 is generally only indicated in a horse with metabolic
acidosis when the urine remains acidic despite fluid therapy,
because myoglobin is significantly more nephrotoxic when in
acidic urine.31

In rare cases, isotonic electrolyte solutions, even when
administered rapidly, cannot compensate for the worsening
hypovolemia. This state is reflected by a climbing heart rate
and hematocrit, accompanied by a steady or occasionally
falling total plasma protein and serum albumin concentra-
tions as widespread muscle lysis and inflammation allow
water and proteins to leave the vasculature and enter the
interstitium and damaged muscle fibers. These animals often
die despite intensive therapy.
Diuretics If there is little or no urine production during
appropriate intravenous administration of fluids, attempts
should be made to invoke diuresis. Furosemide (frusemide) is
generally effective (0.5–1 mg/kg i.v. or i.m. q 12 h). Careful
monitoring and adjustment of fluid rates are essential to
ensure that diuresis does not cause or exacerbate hypo-
volemia. Diuretics are not recommended in animals not
receiving fluids.

Absence of urination for several hours despite fluid therapy
and furosemide (frusemide) suggests oliguric renal failure, in
which case renal blood flow may be increased with dopamine
(3–5 �g/kg/min diluted in 5% dextrose intravenously) to
promote diuresis. Close monitoring of heart rate and the ECG
is required because of the risk of tachyarrhythmias.
Analgesia In mild to moderate cases NSAIDs (e.g.
phenylbutazone 4.4 mg/kg i.v. or p.o. q 12 h for one day fol-
lowed by 2.2 mg/kg p.o. q 12 h for several days; or flunixin
meglumine 0.5–1.1 mg/kg i.v. or p.o. q 12–24 h) medication
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Diagrammatic representation of changes to serum CK and AST
activity following an acute brief episode of rhabdomyolysis.



is all that is necessary; however, clinicians should monitor
renal function given the drugs’ nephrotoxicity. In severe cases
more potent analgesics such as butorphanol (0.1 mg/kg i.v.
or i.m. q 4–6 h) may be required. In the worst cases the pain
is very difficult to relieve.
Other therapy Acepromazine (0.04–0.11 mg/kg i.v. or
i.m. q 8 h) has been advocated for its vasodilatory effects
within the musculature; however, it should be used with
caution in hypovolemic animals. Corticosteroids (e.g. dexa-
methasone 0.02 mg/kg i.v. q 24 h for 1–2 days) are sometimes
used to stabilize membranes, but their efficacy is unproven.

Dantrolene, a drug that limits release of Ca2+ from the sar-
coplasmic reticulum (SR) via the skeletal muscle ryanodine
receptor (RYR1),32 has been used in the acute stages of idio-
pathic rhabdomyolysis33 but pharmacokinetics34 suggest
that the dose and the frequency of administration were
unlikely to have resulted in beneficial drug concentrations
(when compared with those required to effect a response in
humans).35 Although dantrolene administration has been
associated with causing weakness in some horses,36 emerg-
ing experimental evidence suggests that it may be indicated
in the prophylaxis or treatment of the acute stages of the
form of ER associated with abnormal calcium regulation. As
yet, however, the dose required to limit RYR1 release of Ca2+

in horses is unknown, as the drug has not been tested. We
therefore recommended that clinicians await efficacy trials,
particularly given the high cost of the drug.

Prognosis

The prognosis for most horses with mild to moderate acute
episodes of ER is good for recovery, but horses with an under-
lying genetic susceptibility will always be prone to future
episodes. For horses in shock, the prognosis is poor. Many
horses that develop acute renal failure, if treated early, recover.

Prevention

Refer to the section below that covers investigation and man-
agement of horses between episodes.

Exertional rhabdomyolysis
(between intermittent
episodes)

Recognition

History and presenting complaint

Histories are often compatible with recurring episodes of
rhabdomyolysis as described above. Often, a horse is pre-
sented because there is no good explanation for the rhab-
domyolysis and owners believe that some underlying factor is
responsible. Some horses may present with histories of poor
performance.37

Physical examination

Often animals appear normal when examined.

Special examinations

Exercise testing An exercise test may be helpful in horses
with no evidence of ongoing muscle damage (by measuring
serum CK and AST activities), but is potentially dangerous in
ER-susceptible animals so sound clinical judgment is critical.
Exercise testing is contraindicated in animals with evidence
of recent muscle damage. The sensitivity and specificity of
exercise tests have not been evaluated and the intermittent
nature of the disease may result in a negative test in a sus-
ceptible animal.12

Ideally, a positive test should provoke a subclinical episode
of rhabdomyolysis that can be detected via a rise in CK activ-
ity between pre- and 4-h post-exercise serum samples.
Titrating the amount and type of exercise can be difficult, but
should be based on the horse’s history and level of fitness.
Bouts of maximal exercise appear less likely to precipitate
episodes38,39 and are therefore not recommended. Generally,
10–20 minutes of moderate exercise (trot and canter) on a
lunge line or a treadmill is appropriate. Ideally, a normal
horse should be evaluated in a similar manner for direct com-
parison, because some normal animals show a rise in CK
activity post exercise; a rise in plasma CK activity of less than
250% has been regarded as normal.12

Laboratory examinations

Blood samples Despite a normal physical examination,
elevations in plasma CK and AST activities suggest recent
muscle damage. A high plasma AST activity without a con-
comitant elevation in plasma CK activity may indicate that
muscle damage has occurred within preceding weeks.
However, given that AST is not a specific marker for muscle
disease, careful evaluation of the hemogram and biochem-
istry profile, and if necessary further tests, are indicated to
rule out hepatocellular disease.
Electrolyte clearance ratios Clearance ratios are calcu-
lated to assess whole-body electrolyte status. Electrolytes and
creatinine concentrations are measured in a urine (free catch
or catheterized) and serum sample from the same animal.
Ratios determined following collection of a single urine
sample give similar results to those obtained with a 24-hour
pooled (volumetric) urine sample, except for magnesium,40

but accurate measurement requires urinary acidification
(e.g. addition of concentrated nitric or hydrochloric acid)40,41

to dissolve any suspended crystals. Horses should not eat
between collection of the samples.42

The fractional clearance for each electrolyte (FC(electrolyte)),
is calculated as follows.28

where the square brackets represent the concentration (the
acidification dilution factor should be factored in). There are
wide variations for normal values in veterinary litera-
ture,28,40,41,43,44 probably from differences in management,
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FC(electrolyte)% = 
[electrolyte]urine ×

[creatinine]plasma × 100
[electrolyte]plasma [creatinine]urine



sampling and analysis. Normal ranges for FC(sodium) have
been reported as 0.04–0.52%; for potassium, 35–80%; for
chloride, 0.7–2.1%; and for phosphate, 0–0.2%.45 However,
the identification of wide daily fluctuations in clearance
ratios in the same horse, despite standardized management,
casts doubt on the test’s relevance.44,46

Plasma vitamin E and selenium Most ER-susceptible
horses are not deficient in vitamin E or selenium, but meas-
uring plasma vitamin E and selenium concentrations may
demonstrate deficiencies in animals on poor planes of nutri-
tion or from selenium-deficient areas.
Muscle biopsy A muscle biopsy is indicated in an animal
with several unexplained episodes of ER. The technique is
described in Chapter 5. The biopsy site is based on the physi-
cal examination, but epaxial, gluteal and semimembranosus
muscles are most commonly chosen.29 Ideally, a fresh muscle
sample should be snap-frozen in isopentane cooled in liquid
nitrogen,10 but since this is not usually practical, a compro-
mise is necessary. Good results can be obtained when a
sample is sent overnight to a suitable laboratory, wrapped in

moist but not dripping gauzes (0.9% saline), and chilled (not
frozen) on icepacks.29 Formalin fixation, though more con-
venient, is unsuitable for histochemical investigation and
leads to more artefact; it does allow morphological assess-
ment, however, and has enabled a diagnosis to be reached in
cases of polysaccharide storage myopathy (PSSM).47

Histopathological lesions of idiopathic cases and ER asso-
ciated with defective calcium regulation are highly variable
and depend on severity and the time between the biopsy and
the last bout of rhabdomyolysis (Figs 6.7, 6.8). Mild
inflammation with hypercontracted and swollen fibers, inter-
stitial edema and occasionally hemorrhage is seen in 
single episodes of acute rhabdomyolysis and during the first
24–48 hours following a new episode in animals with histo-
ries of recurring episodes (Fig. 6.7A). In this latter group,
there may be hyaline degeneration, edema, scattered swollen
fibers, fiber fragmentation, necrosis and macrophage infiltra-
tion and signs of regeneration (occasional fibroblasts with
large nuclei and prominent nucleoli, myotubes and mature
fibers with centrally located nuclei) within the same section.
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Fig. 6.7
Transverse sections stained with hematoxylin
and eosin of the hindlimb and epaxial
musculature of horses with idiopathic
recurrent ER. (A) Several large, rounded and
hypercontracted fibers are shown with diffuse
interstitial edema and abundant hemorrhage.
(B) Focal hyaline degeneration of type II fibers.
(C) Severe myopathic changes characterized by
increased fiber size variability, hypercontraction
and degeneration, macrophage infiltration and
abundant fibroblasts with large nuclei and
prominent nucleoli. (D) Mature fibers with
internalized nuclei that have regenerated
following damage within the previous 
1–2 months. (E) A scar is shown in the top of
this frame, indicating ineffective muscle repair
in an animal after recurrent rhabdomyolytic
episodes. (F) Extensive ineffective muscle repair
with massive loss of myofibers and
replacement by connective tissue. (G) A fiber
(top) with an intracytoplasmic mass, probably
an aggregate of intracellular calcium. (H) Signs
of regeneration including a whorled fiber
towards the center.



Additionally, in severe cases, fibrosis, scars and fat infiltration
and/or substitution are common (Fig. 6.7E,F).23,48–50 Fast-
twitch (type II) fibers are usually more severely affected than
type I. Scattered fibers with subsarcolemmal and/or intra-
cytoplasmic masses, possibly of calcium, are occasionally
present (Fig. 6.7G).51 Other signs of regeneration, such as
whorled fibers (Fig. 6.7H), may be observed.

Common electron microscopic lesions found in idiopathic
recurrent cases of rhabdomyolysis include myofibrillar dis-
ruption with loss of contractile material, streaming of Z
disks, dilated SR, enlarged and rounded mitochondria with
dilated matrices and degenerated cristae, macrophage
infiltration and increased granular deposits of glycogen 
(Fig. 6.8).39

The changes described above are non-specific and reflect the
general pathologic processes explained at the beginning of this

chapter. Additional histopathologic changes associated with
PSSM47,52,53 include: (a) a heterogeneous distribution of peri-
odic acid-Schiff (PAS) stained intrafibrillar glycogen with sub-
sarcolemmal vacuoles; (b) PAS-positive inclusions; and (c)
�-amylase-resistant PAS-positive inclusions (i.e. consistent
with abnormal polysaccharide) (Fig. 6.9). The PAS-positive and
�-amylase-resistant inclusions are observed in type II fibers, do
not stain with ATPase and SDH histochemistry, and have a
slight eosinophilic light blue appearance with hematoxylin and
eosin stains, magenta to dark blue with PAS and magenta with
�-amylase-PAS.52,54,55 The morphology of these inclusions, as
multiple intracytoplasmic ‘lakes’ and/or as larger or more
confluent accumulations totally or partially replacing the fiber
in transverse section, is consistent with similar changes recog-
nized in formalin-fixed, paraffin-embedded muscle from
affected animals.56
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Fig. 6.8
Electron micrographs of muscle from horses
with idiopathic recurrent ER. (A) Myofibrillar
degeneration with loss of contractile material,
dilated terminal cisternae and swollen
mitochondria with different electrodensities and
abnormal cristae; × 16 800. (B) Loss of
myofibrillar architecture with abundant Z-line
streaming; × 22 400. (C) Macrophage infiltration;
× 11 200. (D) Loss of contractile material with
abundant glycogen; × 25 200. (Courtesy of 
Drs Sucre and Finol from the Universidad
Central de Venezuela.)
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Fig. 6.9
Serial sections stained with PAS (A, C, E and
G) and �-amylase-PAS (B, D, F and H) of
longissimus lumborum muscle (A and B) and
gluteus medius (C and D) muscle from the
same horse with PSSM, of gluteus medius
muscle from a Standardbred with idiopathic
recurrent ER (E and F), and of gluteus muscle
from a normal control Standardbred (G and
H). Note the high glycogen content and the
dark PAS-positive inclusions in muscle from
the horse with PSSM (A–D), the lack of PAS-
positive material after amylase digestion in
idiopathic ER (F) and control (H) horses, as
well as the low intensity of the PAS stain in the
control (G).An internalized nucleus is present
in (F) (arrow). Bar = 25 �m.



Pathological features of PSSM may also be observed by
electron microscopy (Fig. 6.10). Muscle damage is usually
extensive and consists of numerous fibers containing varying
degrees of myofibrillar disruption and both loss and dis-
ruption of contractile material, characterized by irregular
myofibrils and striation patterns. Filamentous material con-
sisting of disrupted contractile proteins and probably abnor-
mal polysaccharide are present amongst excessive granular
glycogen.

Although PSSM was originally identified in Quarter
Horses,52 it has also been described in other breeds.54–58 Even
though PAS-staining accumulations that remain following
amylase digestion are regarded as a specific feature of PSSM and
the disease’s hallmark29,53 they are sometimes absent.56 Some
investigators have overcome this lack of sensitivity by making
the same diagnosis based on histopathologic evidence of
myopathy in combination with excessive deposits of glycogen.57

Excessive glycogen accumulation occurring prior to the deposi-
tion of abnormal polysaccharide is representative of milder and
earlier pathologic changes in certain human polysaccharide
storage diseases,59 so there is some justification for this
approach. Characteristic PAS-positive, amylase-resistant inclu-
sions are only detectable in (genetically susceptible) PSSM
Quarter Horse foals at 3 years of age, some time after their
enhanced insulin sensitivity is detectable.60 However, care must
be exercised, given that the PAS staining intensity as quantified
by photometry (and hence glycogen content) of muscle from
horses with other (idiopathic) causes of ER is higher than in
normal controls (Fig. 6.9).54

Additional tests Additional experimental tests used
further to differentiate etiologies include glucose tolerance
testing for diagnosis of PSSM and contracture testing of
muscle and calcium fluorescence testing of cultured muscle
for the diagnosis of recurrent ER due to disordered calcium
regulation.61–64 However, with the exception of glucose toler-
ance, these tests require specialist facilities and the expertise

of a dedicated laboratory. Further study may result in some of
these tests becoming clinically useful in the future.

Diagnostic confirmation

Reaching a diagnosis of ER is not usually difficult but catego-
rizing the disease according to the etiology may be much
harder. Both acquired and inherited causes should be consid-
ered in an animal with acute signs; in a horse that presents
following multiple episodes, underlying genetic predisposi-
tion is more likely, although acquired forms should not be
overlooked. Certain acquired causes may be obvious from the
history (e.g. overexertion) and specific testing may identify
other forms.35,53 Of the disorders that are probably inherited,
definitive diagnosis for PSSM can now be made by muscle
biopsy. Unfortunately, other cases (away from the research
setting) continue to contribute to a large idiopathic category,
a situation in common with the diagnosis of human ER.65

Identification of specific genetic abnormalities responsible for
familial forms of ER should provide the means for definitive
genetic testing in the future.

Prevention

The association of a disease with a considerable number of
anecdotal treatments usually reflects current and historical
inability to establish the precise etiology and the treatments’
questionable or limited efficacies. Such is the case for the pro-
phylactic treatment of ER where a wide variety of preventive
treatments exist,66 with only a few having been scrutinized
objectively.
Diet Despite apparent differences in etiology and patho-
genesis64 the substitution of a proportion of dietary calories
derived from soluble carbohydrate, with additional fat,
reduces the severity of episodes of ER via poorly understood
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Fig. 6.10
Transmission electron micrographs of 
M. longissimus lumborum biopsies from horses
with polysaccharide storage myopathy (PSSM).
(A) A large intracytoplasmic irregular aggregate
of granular material is distributed between
myofibrils with massive disruption of their
normal arrangement (× 20 000).At higher
magnifications (B, × 37 000) the inclusions
appear to consist of β-particles of glycogen
disrupting myofibrils (My) and (C, × 65 000)
large aggregates of filamentous material
(asterisks).
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mechanisms in both Thoroughbreds with dysfunctional
calcium regulation67 and horses with PSSM.68,69

High-fat diets have a calming effect on horses70 and are
associated with lower plasma cortisol concentrations during
exercise;71 since stress has been associated with ER in
Thoroughbreds66 the calming effect may explain the rapid
prophylactic efficacy of high-fat diets in recurrent ER caused
by abnormal calcium regulation.67 There is currently
conflicting evidence as to whether high-fat (low-carbohy-
drate) diets reduce the excessive glycogen accumulation in
muscle in horses with PSSM72,73 so further work is required
to clarify the attractive hypothesis that the beneficial effect of
fat in PSSM is a shift of energy metabolism from the assumed
dysfunctional glucose uptake/glycogen synthesis pathways
towards �-oxidation.

Most studies have investigated the beneficial effect of a diet
that contains approximately 20% fat, together with a reduc-
tion in soluble carbohydrate (grain) intake.67 Increased fat in
the diet can be achieved by the addition of vegetable oil (up to
approximately 1 g/kg bodyweight per day or 1.1 mL/kg
bodyweight per day). Rice bran (15–20% fat) can also be used
as a substitute source in animals that find the oil unpalat-
able74 or a combination may be suitable in some animals.
Forage intake should be at least 1% of bodyweight, but some
authors recommend that fast-growing lush pastures and
high-quality sweet hays should be avoided.74 Alfalfa pellets
and beet pulp may also be used. Horses should be introduced
to higher fat diets over several weeks and the dietary intake of
minerals and vitamins should meet recommendations. In
particular, owners should ensure that the calcium : phospho-
rus ratio in the diet is adequate, as rice bran and high-fiber
products such as beet pulp contain excessive phosphorus
relative to calcium. There are several high-fat, low soluble
carbohydrate feeds commercially available.
Exercise Evidence suggests that a regular daily exercise
program with changes introduced gradually, and preferably
daily access to pasture, may help horses that are susceptible
to intermittent episodes of ER.66,68

Electrolyte therapy Electrolyte supplementation is
appropriate in animals that have been identified as deficient
by specific testing. There is no rationale for the once popular
administration of sodium bicarbonate to horses to prevent
episodes, because most affected animals do not have underly-
ing acid–base disorders prior to exercise and become alkalotic
during exercise.26,67

Antioxidant supplementation Vitamin E (1–6 IU/kg/day
�-tocopherol) and selenium (1–2 mg/day) supplementation in
food are indicated when deficiencies have been confirmed.35,74

Prophylaxis Numerous drugs are administered prophylac-
tically, but most are used with unproven efficacy. The recent
identification of separate disease etiologies may result in
properly controlled drugs’ trials in the near future (see com-
ments on the use of dantrolene in the section on treatment of
acutely affected horses, above). One group has reported the
use of phenytoin35 but it is expensive, it interacts with other
drugs and may cause sedation, ataxia, focal seizures and
recumbency.35 Therefore, until further studies prove the
drug’s efficacy in horses with a well-established underlying
etiology, the authors suggest its use only as last resort.

Etiology and pathophysiology

Acquired causes

Although important as specific causes in normal horses,
some apparently acquired causes may be associated with
underlying genetic predisposition to ER.
Overexertion Extreme or unaccustomed exercise predis-
poses horses to rhabdomyolytic attacks. Muscle damage in
such cases may include a combination of physical damage
incurred during excessive eccentric contractions, metabolic
exhaustion and oxidative injury.
Eccentric contraction Delayed-onset muscle soreness in
humans is associated with damage caused by excessive eccen-
tric contractions (contraction during muscle lengthening).75

Stiffness and pain, usually experienced 1–2 days following
such exercise, is initially most evident at the myotendinous
junction and then spreads throughout the muscle. Although
the mechanism is poorly understood, there are prominent
signs of damage within a muscle following eccentric contrac-
tions that include disruption of sarcomeres and damage to the
excitation–contraction coupling mechanism and the sar-
colemma.76 This damage is reflected by (sometimes consider-
able) elevations in serum muscle enzyme activities77,78 and
triggers a local inflammatory response accompanied by edema
and the sensitization of nociceptors.75

Whether horses experience this syndrome is unknown.
Exercising horses are most likely to encounter eccentric con-
tractions during downhill exercise and jumping. Given that
muscle damage in humans generally occurs when the type or
extent of eccentric contractions are unaccustomed and that
adaptation occurs with training,76 it seems sensible to intro-
duce horses gradually to these types of exercise.
Metabolic exhaustion Exceeding the level of training
either by excessive endurance exercise or overexertion when
galloping is a common cause of acute ER in horses.24

Exhaustion during endurance exercise results in heat reten-
tion, fluid and electrolyte loss, acid–base imbalance and
intramuscular glycogen depletion.79 Although the causes are
numerous and likely involve electrolyte imbalances and
hyperthermia, in certain cases a presumed underlying factor
is the deficiency of ATP, which results in an inability to main-
tain ion homeostasis. In turn, a corresponding rise in intra-
cellular calcium concentration precedes the final common
pathways, leading to muscle fiber death described at the
beginning of this chapter.
Oxidative injury Increased oxygen utilized during exer-
cise leads to proportionate increases in free radical produc-
tion (Fig. 6.11).80 Free radicals are widely believed to cause
post-exercise stiffness and fatigue in muscle, through several
deleterious mechanisms that include the peroxidation of lipid
membranes. Cell damage is normally minimized by the action
of a complex cascade of free radical scavengers and antioxi-
dants, including vitamin E and the selenium-dependent
enzyme, glutathione peroxidase. When antioxidants fail to
quench free radicals sufficiently, the body is subjected to so-
called ‘oxidative stress’.80

Although evidence suggests that exercise-induced oxi-
dative stress occurs in horses, particularly when ambient
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temperature and humidity are high,81 there is no clear associ-
ation with muscle damage.82 This is corroborated by studies
demonstrating that antioxidant supplementation fails to atten-
uate exercise-induced elevations in plasma CK activity,83–85

and a lack of studies demonstrating antioxidant deficiencies in
horses prone to ER. Instead, higher serum and muscle vitamin
E concentrations and serum glutathione peroxidase activity
were detected in ER-susceptible Standardbreds compared with
controls (although prior supplementation could not be ruled
out as a potential cause).86

In adult horses, vitamin E or selenium deficiency has been
associated with nutritional myodegeneration (white muscle
disease) of the masseter muscle87 and was implicated in horses
with rhabdomyolysis, colic and myocardial disease.88 In grow-
ing foals, nutritional myodegeneration is characterized histo-
pathologically by changes that are sometimes seen in horses
with ER.89 However, such changes likely reflect the general
response of muscle to cycles of degeneration and regeneration,
rather than damage caused specifically by oxidative stress.

There is therefore no good evidence that oxidative stress
plays a primary role in ER, particularly given the apparent
high incidence of the disorder in horses on excellent planes of
nutrition.35 Despite this, during conditions likely to result in
significant oxidative stress, such as very strenuous or pro-
longed exercise, antioxidant deficiencies may exacerbate
muscle damage caused by other mechanisms. Horses from
selenium-deficient regions or animals on poor diets that are
denied access to green pasture are most at risk.
Electrolyte imbalance Published and anecdotal reports
of improvement following correction of electrolyte clearance
ratios45 underlie continued interest in this area.35 In a group
of 38 ER-susceptible Thoroughbreds, about a third had
potassium clearance ratios of less than 30% or low chloride
clearance.90 These differences could potentially reflect differ-
ences in the handling of electrolytes by ER-susceptible
animals but horses prone to ER exhibit the same dietary-
induced alterations to electrolyte clearance ratios as normal
animals.40 Much attention has been directed at potassium,
because low muscle potassium concentrations can precipi-

tate rhabdomyolysis in other species.91 Erythrocyte potas-
sium concentration has been measured in attempts to inves-
tigate whole-body potassium stores: results indicate both
low92 and normal90 erythrocyte potassium in horses with ER.
However, the significance of either study is questionable
given that erythrocyte potassium concentrations do not cor-
relate with muscle or plasma potassium concentrations in
horses.90,93,94 Compared with normal animals, lower dry
weight muscle potassium concentrations were detected in
ER-susceptible horses.90 However, characteristic muscle
histopathological changes, seen in humans with potassium
deficiency,91 are generally not observed in muscle from horses
with ER90 so it is hard to draw conclusions.

The primary influence of altered electrolyte status as a cause
of ER is better studied prospectively in normal horses, rather
than retrospectively in horses known to be susceptible to the dis-
order. In comparison with controls, normal Thoroughbreds
administered furosemide (frusemide) and sodium bicarbonate
developed lower plasma calcium, chloride, magnesium and
potassium concentrations. Following exercise, serum CK activ-
ity was found to be significantly higher in the treated group.95

Some evidence therefore suggests that electrolyte imbalance
may play a role in the development of certain forms of the dis-
order.
Hormonal influence In experimental animal models sex
hormones influence the degree of disruption and post-damage
inflammatory response in skeletal muscle. For instance, estro-
gen is known to have a protective effect following eccentric
contraction and ischemia reperfusion injury.96 It is intriguing
therefore that many studies report a higher incidence of ER in
female horses compared with males.66,97–102 No correlation
has been found between the stage of the estrus cycle and
plasma CK activities in Thoroughbreds in training,103 suggest-
ing that a direct association of female sex hormones with ER is
unlikely. As yet, therefore, the higher incidence of ER in
females remains unexplained.

Hypothyroidism is associated with subclinical elevations of
serum CK activity104 and rarely causes ER in humans.105

Although a cause of poor performance in horses,106 hypo-
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thyroidism has not been associated with ER in
horses.39,64,103,107–109 Other signs associated with hypothy-
roidism in horses, such as alopecia, lethargy and excessive fat
accumulation,110,111 are not frequently seen in ER-suscepti-
ble horses. Furthermore, given its rarity, it is unlikely that
hypothyroidism is associated with ER in most animals.
Infectious causes Equine herpes virus 1 (EHV1) infection
was proposed as causing an outbreak of ER in a training yard,
where several horses seroconverted to the virus.112 Equine
influenza virus (EIV) has also been diagnosed by seroconversion
as the potential cause of certain equine myopathies.98 Both EIV
and EHV1 infections are common in groups of young race
horses and although the acute-phase response to viral infection
may cause transient arthralgia and myalgia, and therefore stiff-
ness, rhabdomyolysis is not a common feature of these diseases.
As with other acquired causes, viral infection may modify the
phenotype of genetically susceptible horses.

Inherited causes

Recurrent exertional rhabdomyolysis due to defective
calcium regulation The term ‘recurrent exertional rhab-
domyolysis’ (RER) has recently evolved to define a disease
reported in Thoroughbreds with aberrant myofiber calcium
regulation and caffeine-hypersensitive muscle.38,113,114

Although possible, it should not be assumed that this syn-
drome is common to all Thoroughbreds with intermittent
bouts of ER. It is also unclear whether this disease is unique
to Thoroughbreds: certain similarities in vivo and in vitro
suggest that other breeds, such as Standardbreds,99 may
share a similar, if not identical disorder, particularly if the

suspected autosomal dominant inheritance, reported in fam-
ilies of Thoroughbreds with uncharacterized ER,115 is
confirmed in horses with defective calcium regulation. Use of
the word ‘recurrent’ leads to further confusion given that
recurring episodes are a prominent feature of several ER dis-
orders. Until a more practical diagnostic test becomes widely
available and the disease’s etiology is understood, it may be
safer to qualify the diagnosis.

In the remainder of this section, the abbreviation RER(c) is
used for horses in which caffeine hypersensitivity has been
established; RER refers to the broader group of horses, mostly
Thoroughbreds but including some other breeds, in which
there is reasonable evidence for the same etiology.
Defective calcium regulation Speculation that ER may be
related to a defect in calcium regulation116–118 was strength-
ened by a report of elevated resting intracellular calcium con-
centrations in muscle from ER-susceptible horses by Lopez et
al.33 However, recent calcium fluorescence experiments using
cultured equine myotubes from Thoroughbreds with RER(c)
found no difference in resting calcium concentration when
compared with controls.63 This disparity may reflect differ-
ences in case selection, active disease processes in the former
study or the less differentiated nature of myotubes in culture
compared to mature muscle.

Muscle from some Standardbreds and Thoroughbreds that
are susceptible to RER is, however, hypersensitive to agents that
induce calcium release from the SR (Fig. 6.12) such as caffeine,
a potent activator of RYR1.99,119 Caffeine can be used to identify
humans, pigs and dogs that are susceptible to malignant hyper-
thermia (MH) when stressed or under halothane anesthesia,
because lower caffeine concentrations elicit contraction in biop-
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Fig. 6.12
(A) Tension (baseline) record for a caffeine contracture experiment performed on isolated intercostal muscle preparations from a normal
horse and a Thoroughbred with RER(c).Twitches (vertical deflections) were elicited via electrical stimulation at 0.05 Hz and caffeine was
added to the bathing solution as indicated by the arrows to obtain the final concentration as noted. Horizontal bar = 5 min; heavy left
vertical bar = 0.5 N/cm;2 heavy right vertical bar = 1.0 N/cm.2 Asterisk = recorder gain change. Notice that caffeine elicits a change in
baseline tension in muscle from the RER(c)-affected horse at between 1 and 2 mmol/L caffeine, whereas the baseline does not change until
the bathing solution contains 5.0 mmol/L caffeine for the control muscle. (B) Contracture force versus caffeine concentration for muscle
bundles from clinically normal horses (n = 12; blue line) and RER(c)-affected horses (n = 10; red line). Contracture force was normalized to
the preceding tetanus for both groups.Asterisks show force of contracture thresholds > 0 at 1.0 mmol/L and 5.0 mmol/L caffeine for
RER(c)-affected and clinically normal horses respectively. (Reproduced from Lentz et al113 with permission.)



sied strips of muscle from subjects with MH compared to that of
normal subjects.120–122 Humans and pigs with MH are also sus-
ceptible to exercise- or stress-induced rhabdomyolysis;123,124

conversely, MH-like reactions have been reported in several
breeds of horse during or following anesthesia.117,125–127 Some,
but not all studies report ER-susceptible horses with muscle that
tests positive for MH, perhaps because case selection included
horses with different types of ER:116,117,127 recent evidence now
confirms that caffeine hypersensitivity is not a feature of muscle
from horses with PSSM.64,119

In pigs, dogs and in most humans, MH is associated with
mutations in the gene encoding RYR1,122,128,129 but abnormal
RYR1 ligand binding, characterized in vesicles prepared from
the muscle of MH pigs,130 is not a feature of similar vesicles
from horses with RER(c).131 Furthermore, whereas lower con-
centrations of caffeine elicit calcium release from the SR of
RER(c)-susceptible Thoroughbreds when compared with
normal horses, the same is not true for 4chloro-m-cresol, a
RYR1 agonist with higher specificity.63 Finally, characteristic
clinical and histopathologic features seen in other human
myopathies caused by RYR1 mutations are not seen in muscle
from horses with RER(c).29,132 Hence a mutation in the gene
encoding RYR1, though not ruled out, appears less likely.

Caffeine-hypersensitive muscle is not exclusively found in
human MH patients with RYR1 mutations: the same abnor-
mality is reported in MH patients with mutations in other genes,
such as the gene that encodes the �1-subunit of the L-type
voltage-sensitive calcium channel (dihydropyridine recep-
tor).133 At least three more genes are implicated in human MH,
based on linkage mapping;129 furthermore, given that other
proteins regulate calcium release from the SR (Fig. 5.12)134

another, as yet unidentified gene may be the cause.
Alternatively, since MH-like attacks and caffeine-hypersensitive
muscle are reported in humans with other diseases,135 horses
with RER(c) may have an unrelated defect.
Defective kinetics of contraction/relaxation Muscle from
RER-susceptible Thoroughbreds contracts more rapidly than
normal muscle in vitro.99 Furthermore, authors have detected
abnormal relaxation, though they disagree as to whether relax-
ation is hastened or slowed.99,113 The SR Ca2+- ATPase pump is
a major determinant of relaxation following contraction, but
SR Ca2+-ATPase pump activity is normal in extracted SR vesi-
cles from horses with RER(c).131 Abnormalities of the contrac-
tile apparatus could also explain some of the experimental
findings in horses with RER(c). However, when compared with
normal horses, there was no difference in its calcium sensitivity
or in the myofibrillar ATPase activity.114

Diet and temperament High carbohydrate diets lead to
more severe muscle damage in horses with RER(c),38,67 while
high-fat diets are protective.67 Though unexplained, one pos-
sibility is that a high-fat diet may result in the stabilization of
sarcolemmal membranes but the rapidity of the protective
response67 suggests that this is less likely. As stress is known
to instigate MH in other species,124 evidence suggests that the
protective response may relate to dietary-induced alteration
in temperament70,71 (see section on prevention above).
Polysaccharide storage myopathy Since the first detailed
report of PSSM in Quarter Horses,52 a comparable disease has
been recognized in other breeds.54–58 Although similar
histopathologically and sometimes associated with ER, some

affected non-Quarter Horse breeds have neuromuscular weak-
ness, muscle atrophy and abnormal hindlimb gaits charac-
teristic of ‘shivers’.136 Abnormal muscle polysaccharide is also
identified as an incidental finding.56,57 Phenotypic variation
caused by the effects of modifying genes and the environment is
frequently encountered in human muscle diseases, so these may
well be allelic disorders. Most work on pathophysiology has been
in Quarter Horses, so here they are considered separately.
Quarter Horses Glycogen and abnormal polysaccharide
accumulation are seen in several human muscle diseases
known as glycogenoses, many of which are caused by abnor-
mal regulation or deficiencies of glycolytic or glycogenolytic
enzymes; others are idiopathic or caused by lysosomal dysfunc-
tion.59 Early experiments suggested that Quarter Horses with
PSSM displayed impaired lactate production52,137 similar to
humans with glycogenolytic or glycolytic enzyme deficien-
cies.138 However, recent experiments using more stringent
exercise tests demonstrated normal or exaggerated lactate pro-
duction.139 Affected Quarter Horses do not have detectable
abnormalities in either glycolytic enzyme activities or their
regulation,52,140 and their oxidative metabolism appears func-
tional since they can maintain low plasma lactate concentra-
tions during long-term submaximal exercise.139

Glycogen is a branched three-dimensional molecule formed
by glycogen synthase that adds straight 1,4 glucose linkages,
and branching enzyme, that adds 1,6 linkages after every
seventh glucose molecule (Fig. 6.13). The formation of abnor-
mal polysaccharide, though not well understood, may be
related to an abnormal increase in the glycogen synthase:
branching enzyme ratio.59 High muscle glucose-6-phosphate
concentrations (found in PSSM muscle both before and after
exercise139) may stimulate glycogen synthase activity141 with-
out a corresponding rise in branching enzyme activity, thereby
altering their ratio and causing filamentous abnormal polysac-
charide to form. Abnormal polyglucosan accumulates in tissues
of humans with branching enzyme deficiency,142 a fatal disease
identified in a group of Quarter Horse foals,143 but branching
enzyme activities are normal in Quarter Horses with PSSM.144

Excessive muscle glycogen and polysaccharide may be
associated with abnormal increased glucose uptake rather
than diminished utilization.61 Muscle’s glucose uptake is con-
trolled primarily by insulin in a process of facilitated diffusion
via GLUT-4 receptors (Fig. 6.14A).145 A separate, but poorly
understood mechanism recycles GLUT-4 receptors when
insulin concentrations diminish.146 Compared with normal
animals, Quarter Horses with PSSM clear glucose from
plasma more rapidly following its intravenous injection 
(Fig. 6.15) and have reduced peak plasma glucose concentra-
tions after oral carbohydrate intake.62 Affected horses have
lower resting serum insulin concentrations and lower
insulin : glucose ratios than controls both before and after
glucose infusion.61 Enhanced insulin sensitivity in affected
animals is demonstrated by a more rapid decline in plasma
glucose concentration and prolonged hypoglycemia following
intravenous insulin administration compared with con-
trols.61 Hence, although glucose uptake specifically into
muscle has not been investigated, because skeletal muscle is
the greatest insulin-sensitive tissue, horses with PSSM proba-
bly have enhanced skeletal muscle glucose uptake, a hypoth-
esis strengthened by similar observations in transgenic mice
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that overexpress GLUT-4 receptors.147 Whether muscle from
horses with PSSM has greater numbers of sarcolemmal
GLUT-4 receptors or whether they persist for longer within
the sarcolemma following their translocation from the cyto-
plasm remains to be determined.

Exercise results in insulin-independent translocation of a
separate pool of GLUT-4 receptors to the sarcolemma via
poorly understood pathways (Fig. 6.14B).148–150 After exer-
cise, enhanced insulin-independent glucose uptake is main-
tained for several hours due to delayed GLUT-4 transporter

recycling.151 A second phase of increased glucose uptake
results from enhanced insulin sensitivity in a mechanism
that may be modulated by glycogen.150,151 Normal horses fed
grain following exercise show enhanced glucose clearance
compared to non-exercised horses; a similar, but diminished
enhancement occurs in horses with PSSM together with a
relative decline in their insulin sensitivity.62 One possible
explanation is that glycogen’s control over the regulation of
insulin sensitivity is defective in affected horses. Alternatively,
because horses with PSSM have greater post-exercise muscle
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glycogen stores than normal horses,139 their stimulus for
glucose reuptake may be less intense.
Other breeds In 1931 Carlström noted high glycogen con-
centrations in draft horses that developed rhabdomyolysis fol-
lowing a day of inactivity, proposing that the myopathy was
related to a build-up of lactic acid.152 Subsequent analysis does
not support this hypothesis139,153 and it seems most likely that
this disease was probably PSSM55,57 that, like in Quarter Horses,
has been associated with excessive glycogen accumulation and
amylase-resistant polysaccharide in muscle.55,154 As with
Quarter Horses, researchers have not identified glycolytic
enzyme deficiencies in other affected breeds;72 plasma glucose
clearance and insulin sensitivity have yet to be investigated.

Various human glycogenoses affect tissues other than skele-
tal muscle, including the heart.59,155 PSSM has been diagnosed
as an incidental finding in a number of draft horses with seem-
ingly unrelated diseases and in a few with sudden (perhaps
cardiac-related) death. However, of nine draft horses examined,
amylase-resistant polysaccharide was identified in the (other-
wise histologically normal) myocardium of only one Belgian.57

Quarter Horses with PSSM do not have overt cardiac disease52

although histopathological assessment is lacking.

Epidemiology of exertional
rhabdomyolysis syndromes

Characterizing horses as susceptible to ER by measuring
serum CK activity is practical but cannot distinguish groups
based on the underlying etiology. This drawback is partially
overcome by grouping horses by breed or type, a method used
in several studies.
Idiopathic cases Idiopathic ER has a worldwide distribu-
tion. Studies indicate that between 4.9% and 6.7% of racing
Thoroughbreds can be affected during a single season66,102

with the disorder probably inherited as an autosomal domi-
nant trait with variable expression.115 Subjective impression
that ER occurs more frequently in young fillies has been
confirmed by several studies.66,102,109 Additionally, it was
found that Thoroughbreds that were nervous or lame were
more likely to develop episodes of rhabdomyolysis.66,102

Another study that examined ER in polo ponies in the UK and
the US also found a high incidence,156 particularly in animals
with an excitable temperament. In both Thoroughbreds and
polo horses, the disease resulted in significant time away from
training or competing.66,102,156 Evidence suggests that ER
also has a genetic component in Swedish Standardbreds.101

Polysaccharide storage myopathy The familial basis of
PSSM in Quarter Horses may be autosomal recessive.157 A
retrospective epidemiological study of Quarter Horses with
PSSM (diagnosed histopathologically) found that horses were
prone to rhabdomyolysis when affected by respiratory
disease. The age of onset varied between 3 months and 14
years and unlike in Thoroughbreds, there was no association
with either gender or temperament.68

In a group of 37 draft-related horses (referred to a veteri-
nary teaching hospital in the US with various diseases), when
examined at necropsy, between 45% and 66% had signs
compatible with PSSM (depending on diagnostic criteria).57

The growing number of breeds diagnosed with PSSM now
includes Quarter Horses,52 Warmbloods, Morgans,
Standardbreds and Arabians,56 Haflingers,58 Anglo-Arabians
and Andalusians.54 In addition, if the classification criteria
for diagnosis of PSSM are relaxed, the list includes
Thoroughbreds and ponies.69 PSSM has been reported in
North America and Europe.54,57,68

Hyperkalemic periodic
paralysis

● Genetic disorder seen in Quarter Horses and related breeds
descended from the stallion Impressive.

● Caused by a mutation in the � subunit of the skeletal
muscle sodium channel.

● Autosomal dominant inheritance.
● Homozygotes are more severely affected than heterozy-

gotes.
● Signs vary from subclinical to severe.
● Weakness is the predominant physical sign, although

muscle spasm and fasciculation may occur.
● Life-threatening complications include cardiac arrhyth-

mias secondary to hyperkalemia and asphyxiation due to
laryngospasm.

● Prophylactic dietary and therapeutic management can
reduce the frequency and severity of attacks.

Recognition

History and presenting complaint

Hyperkalemic periodic paralysis (HYPP) episodes occur inter-
mittently, last several minutes to hours, and are more
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common in young adults or foals. Affected horses are well 
muscled, particularly over the hindquarters, and appear normal
between episodes. Episodes often follow sleep or may be precipi-
tated by stress, cold weather and sometimes exercise.158

Evidence suggests that the condition is more common in 
young males159–162 although this has not been confirmed
experimentally.

Physical examination

Clinical signs vary, with homozygotes being more severely
affected than heterozygotes. Myotonia is often brief or unap-
parent; however, third eyelid protrusion is sometimes seen
along with spasm of certain facial muscles and, more com-
monly, muscle fasciculation.163 Laryngeal or pharyngeal
spasm may occur, causing pharyngitis, dysphagia and occa-
sionally severe dyspnea.164 These signs are more common in
young homozygous foals,164 but in adults may present as
abnormal respiratory noise during exercise.165 More charac-
teristic, especially in older horses, are signs of weakness, such
as swaying or buckling, a stilted gait, dog sitting, collapse 
or recumbency.160 Respiratory muscle weakness and
increased muscular effort may be manifest as shallow tachy-
pnea and sweating. Horses remain alert, responsive and
unpainful.158,163 Death, when it occurs, may be the result of
the dyspnea associated with laryngospasm or, more com-
monly, cardiac arrhythmia (ventricular fibrillation) due to
underlying hyperkalemia;166,167 horses that are under or
recovering from anesthesia appear particularly at risk.168,169

Special examinations

Electrocardiography Consistent with hyperkalemia,
during episodes the ECG reveals smaller, wider P waves,

increased amplitude of T waves and widening of QRS com-
plexes.162,170–173 Between episodes the ECG is normal.162

Endoscopy Endoscopy may reveal pharyngeal collapse
and edema, dorsal displacement of the soft palate, bilateral
laryngeal paresis and persistent opening of the guttural
pouch ostia.158,165

Electromyography Electromyography reveals abnormali-
ties such as doublets and characteristic myotonic discharges
(Fig. 6.16).174

Laboratory examination

Serum biochemistry During an episode, clinical patho-
logical changes usually, but not always,159,169,175 include
hyperkalemia (5.5–12 mEq/L).162,176 Elevated total serum
protein concentration (7.0–9.0 mg/dL) suggests fluid com-
partmental shifts.162,177 Serum CK and AST activities are
normal to moderately elevated.162,178

Muscle biopsy Muscle histopathology is not normally
indicated and often appears normal, but may reveal centrally
located vacuoles in type II fibers, excessive fiber size variation,
occasional internal nuclei, moth-eaten fibers, connective
tissue proliferation and fiber degeneration.51,161,162 Electron
microscopy reveals distension and proliferation of the SR and
copious networks of transverse tubules.158

Diagnostic confirmation

The differential diagnosis includes colic, ER, laminitis,
cardiac disease, tetanus, botulism, seizures and upper airway
obstruction. Myotonic discharges, observed during EMG
examination, are also seen in the rare disorders known as
myotonic dystrophy and myotonia (see later sections).179–181

Recognition of weakness and muscle fasciculations in
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Electromyographic features of 
HYPP-affected muscle. (A) Myotonic
discharges and (B) trains of doublets
recorded in an HYPP-affected horse
while clinically normal. (Copyright of
Jonathan M Naylor BSc PhD,
Saskatoon, Canada. Reproduced with
permission.)



combination with hyperkalemia in an Impressive-related
Quarter Horse should leave little doubt that the animal has
HYPP. Hyperkalemia itself, though not always present, may
be due to other causes such as recent exercise, a hemolyzed
blood sample or, more rarely, renal failure.

Diagnostic confirmation via the potentially fatal potas-
sium chloride challenge test158,162,176,182 has been rendered
obsolete with the advent of genotyping. Electromyography, a
useful ancillary test with a reported sensitivity of 90%,183

can support the diagnosis before DNA test results are avail-
able. Abnormal EMG signals can be detected both during and
between episodes and in HYPP-positive horses undergoing
treatment.183,184

Definitive diagnosis can only be achieved by mutational
analysis of the sodium channel � subunit gene, which
determines an animal as heterozygous or homozygous 
(Fig. 6.17). Any sample containing DNA (for example, tis-
sues removed at necropsy) could be used but whole blood
(in EDTA) or a plucked hair sample (containing roots) is
preferred. The American Quarter Horse Association rec-
ommends testing foals born to unclassified parents; those
related to Impressive are identified with their established
genotype on registration certificates. Note that a horse may
be heterozygous for HYPP but display weakness and col-
lapse for some other reason and that the test only identifies
the single specific mutation seen in all horses to date with
HYPP.185

Treatment and prognosis

Therapeutic aims

Therapy is aimed at systemic abnormalities, specifically the
life-threatening hyperkalemia and, if present, the dyspnea.

Therapy

Mild cases require stall rest or hand walking together with grain
or a sweet-feed meal or orally administered corn syrup.163

Horses should be observed closely for worsening signs. More
severely affected animals with prominent weakness or aus-

cultable cardiac arrhythmia require aggressive medical therapy.
Severe dyspnea may require emergency tracheotomy.
Emergency treatment during an attack Intravenous
calcium gluconate given slowly, diluted in isotonic fluids
(0.2–0.4 mL/kg of 23% calcium gluconate in 2 liters of 5% dex-
trose) raises membrane threshold potential, reducing the likeli-
hood of an action potential despite the muscle cells’ relatively
depolarized state.158 Cardiomyocytes are also protected.186

Intravenous administration of potassium-free fluids con-
taining dextrose triggers insulin release and hence glucose
movement followed by potassium, intracellularly. Intravenous
administration of insulin has been advocated but should be
done with dextrose-containing fluids to avoid hypoglycemia;
doses are not well established.158 A mild alkalosis from sodium
bicarbonate administration should also promote intracellular
potassium movement. One author recommends 0.9% NaCl
containing 0.5–1 mL/kg 1.3% NaHCO3 and 0.5–1 mL/kg
50% dextrose.163 Other treatments aimed at reducing hyper-
kalemia include �-adrenergic agonists158,187 to stimulate the
Na/K ATPase pump, which reduces the resting membrane
potential. These drugs are rarely necessary, though, and may
increase the risk of cardiac arrhythmia.169

Phenytoin ameliorates skeletal muscle signs probably by
altering sodium channel activity through the influence of cyto-
plasmic free fatty acids;188,189 however, serum phenytoin con-
centrations should be monitored. Note that phenytoin does not
reduce serum potassium levels166 and is not usually required.

Prognosis

Most mildly to moderately affected animals will respond well but
if hyperkalemia is severe and not treated promptly, sudden
cardiac death may occur. Asphyxiation is possible in cases with
laryngospasm as is aspiration pneumonia, particularly in
nursing foals. Evidence suggests that in many animals the signs
can be controlled successfully but given the underlying genetic
abnormality, horses remain susceptible for life.

Prevention

Management and dietary changes Horses that suffer
repeated attacks often benefit from long-term management
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Restriction fragment length polymorphism analysis for the testing of HYPP.
Complementary DNA primers are used to amplify by polymerase chain reaction
(PCR) a portion of extracted genomic DNA that contains the HYPP mutation.
The PCR product is digested with a specific (restriction endonuclease) enzyme
and is loaded into separate lanes of an agarose gel, containing ethidium bromide,
which fluorescently labels the DNA.The enzyme cuts the DNA into a shorter
fragment (which migrates more quickly and hence further down the gel) only if
the sequence is normal (N). DNA from mutated alleles remains uncut, and
therefore migrates more slowly in the gel (H). In lane 1 the extracted DNA

contains both mutated (H) and normal (N) sequences, hence the animal is a heterozygote (H/N). In lane 2, all the DNA has been cut by the
enzyme, hence both alleles must be normal (N/N). Lane 3 is a PCR control with no added DNA. In lane 4 none of the PCR-amplified DNA
has been cut by the enzyme, hence both alleles must be mutated and the animal is homozygous (H/H). (Image courtesy of Dr Glen Byrns,
University of California, Davis.) Postal address for HYPP gene testing: Veterinary Genetics Laboratory HYPP Testing, University of California,
Davis, Davis, CA 95616-8744, USA. Downloadable forms and further details are available at the laboratory’s website address:
http://www.vgl.ucdavis.edu/horse/tsthypp.htm.



changes and prophylaxis. In some cases a change in diet and
avoidance of the cold and stressful events, such as trans-
portation, may suffice.

Feed modification reduces the number of attacks.159 Many
horses do well when maintained principally at pasture but
when not practical, they should always have access to hay
and concentrate feed should be divided and given several
times daily. High potassium-containing forages such as
brome hay and alfalfa should be avoided, as should canola
and soybean oil, molasses and certain potassium-containing
mineral supplements. Late bloom timothy hay, sugar beet
pulp and barley or oats are suitable alternatives, although
calcium supplementation may be required to ensure appro-
priate calcium : phosphorus ratios.190

Prophylaxis

Acetazolamide (2–4 mg/kg q 12–14 h p.o.), a carbonic anhy-
drase inhibitor, is widely used in horses. It prevents attacks
induced by experimental potassium challenge191 and anec-
dotal evidence suggests that the drug is useful in the
field.163,178 Carbonic anhydrase inhibition in renal proximal
convoluted tubules decreases reabsorption of sodium ions via
an indirect inactivation of luminal H+-Na+ antiporters,
thereby enhancing sodium for potassium exchange in the
distal tubules and promoting potassium excretion.186

However, some have doubted this explanation for ace-
tazolamide’s efficacy, suggesting that other mechanisms,
such as the stimulation of insulin secretion, may be
involved.158,192,193 Other potassium-wasting diuretics such as
hydrochlorothiazide have also been tried in horses but experi-
ence is limited.194

Etiology and pathophysiology

Etiology

A disease resembling human HYPP was reported in Quarter
Horses in the mid 1980s160,195 but the etiology of human HYPP
was then unknown. In the early 1990s, several groups con-
firmed that human HYPP is caused by mutations in a gene
encoding the � subunit of a sodium channel expressed only in
skeletal muscle.196,197 Linkage of equine HYPP to a single
locus198 and identification of a single base pair substitution in
the equine sodium channel � subunit gene quickly followed.199

Unlike in humans, in equine HYPP all identified cases have the
same mutation,185 the substitution of a cytosine for a guanine
residue, causing the amino acid phenylalanine to be replaced by
leucine in the cytoplasmic end of the IVS3 transmembrane
domain (Figs 6.18, 6.19) of the encoded 260 kDa protein.199

As in the human disorder, equine HYPP is inherited in
autosomal dominant fashion.177,200 The different severity of
homozygotes compared to heterozygotes is a reflection of the
codominance of the mutated and wild-type alleles. As with
many diseases, phenotypic severity varies between heterozy-
gotes, perhaps due to the modifying influence of other genes
or environmental effects. One group has reported a correla-
tion of disease severity with the ratio of mRNA from affected:
wild-type (unaffected) alleles,201 although this finding has
not been confirmed at the protein level.

Pathophysiology
Transient myotonia The skeletal muscle sodium channel
associated with HYPP lies in the sarcolemmal (and T-tubule)
membrane and allows sodium to enter the fiber during action
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potential conduction (see Chapter 5). In vitro studies demon-
strate dysfunctional inactivation of the mutant channel and an
increased open probability, hence abnormal influx of sodium
while at rest (Fig. 6.20).202,203 Although individual fibers vary,
in HYPP-affected fibers, the resting potential is higher (less neg-

ative) than normal.145 Blocking sodium channels in HYPP mus-
cle with tetrodotoxin returns the membrane potential towards
normal (more polarized) but has no effect on the resting poten-
tial in normal muscle.145 The closer proximity to the threshold
potential in HYPP muscle results in more readily elicited action
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Human   V G W N I F D F V V V I L S I V G L A L S D L I Homo sapiens
Horse V G W N I F D F V V V I L S I V G L A L S D L I Equus caballus
Horse HYPP V G W N I L D F V V V I L S I V G L A L S D L I Equus caballus (HYPP)
Rabbit I G W N I F D F V V V I L S I V G M F L A E L I Oryctolagus cuniculus
Mouse I G W N I F D F V V V I L S I V G L A L S D L I Mus musculus
Rat I G W N I F D F V V V I L S I V G L A L S D L I Rattus norvegicus
Boney fish N G W N I F D F I V V I L S I A G T M L S D I I Takifugu pardalis
Tunicate N P W N V F D F I V V I L S V V G S T M N E V I Halocynthia roretzi
Mosquito E P W N L F D F V V V I L S I L G L V L S D I I Anopheles gambiae
Mollusc E P W N I F D F V V V V L S I L G I A L S D I I Loligo opalescens
Newt I G W N V F D F V V V I L S I V G M F L S E I I Cynops pyrrhogaster

Fig. 6.19
Comparison of IVS3 amino acid sequences
of various species. Standard single letter
codes for each amino acid are used and
amino acids with similar properties are
shown with the same background color;
hence polar-negative amino acids are red,
polar-neutral amino acids are green,
non-polar aliphatic amino acids are white
and non-polar aromatic amino acids are
purple. Glycine and proline tend to have
structural properties in biological
membranes and are colored brown. Note

the significant conservation of either amino acid sequence or amino acid type within the structural domain between species. Such
conservation usually reflects the functional and structural importance of the region to the protein.Also note the replacement of
phenylalanine (F) by leucine (L) (circled in red), in horses with HYPP.
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open, allowing sodium to enter the fiber (the upswing of the action potential) (B). In muscle fibers from horses with HYPP, some sodium
channels have abnormal inactivation and remain open, despite the fiber’s resting state. Sodium can enter the fiber down its concentration
gradient.This results in the fiber’s resting potential being close to the threshold potential (C) and hence more readily elicited action
potentials.
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potentials, explaining the transient myotonia and muscle fas-
ciculations. Fibers from younger horses with HYPP have higher
resting potentials than older horses and muscle cooling raises
the resting potential. These observations explain the higher
incidence of HYPP episodes in young horses and during cold
weather.145

Weakness Following rapid depolarization of the action
potential, sodium channels normally close in response to the
now positive membrane potential. In addition, voltage-gated
potassium channels open, allowing potassium to leave the
muscle fiber and return it to its resting potential. Failure of

mutant sodium channels to inactivate prevents repetitive trains
of action potentials203,204 (required for Ca2+ release), causing
the weakness that is the predominant sign in affected horses.
Hyperkalemia can be both the consequence and the
cause of an attack Most horses are hyperkalemic during
or immediately following an episode, probably due to voltage-
gated potassium channels remaining open, allowing continual
potassium efflux. Hyperkalemia itself raises the fiber resting
potential and promotes an open sodium channel configura-
tion, thereby exacerbating the condition205,206 or, as demon-
strated by the formerly used potassium challenge test,
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Fig. 6.21
(A) Diagrammatic representation of matings between horses with HYPP and normal animals. (B) HYPP Quarter Horse pedigree. Horses are
shown typed for the normal allele of the sodium channel (phenylalanine (F)) and the allele that causes HYPP (leucine (L)) in the sodium
channel region IVS3.A homozygous affected horse is indicated by an arrow.The horse represented by a gray symbol has an unknown status.
Squares represent males and circles represent females. Black symbols represent horses with the HYPP phenotype and open symbols
represent normal horses. (Reproduced from Rudolph et al199 with permission.)



precipitating an attack. Spontaneous recovery often follows
attacks, perhaps as a result of the kidneys’ correcting the hyper-
kalemia or a local rise in muscle temperature.163

Muscle hypertrophy Horses with HYPP typically have
hypertrophied muscles and this favorable trait in halter
classes likely resulted in the maintenance and propagation of
the mutation in the gene pool until a rule change by the
American Quarter Horse Association.184 The mechanism
causing the hypertrophy is not understood, but may relate to
myotonia-induced gene expression.
Exercise intolerance Experiments show that despite the
hypertrophic muscles, horses with HYPP have reduced exercise
tolerance compared with normal animals and produce rela-
tively more lactate during exercise.207 Even when weakness or
muscle fasciculations are absent, exercised homozygotes exhibit
intermittent laryngospasm, pharyngeal collapse, hypoxia,
hypercapnia and ventricular premature contractions.208

Epidemiology

The spontaneous mutation that first occurred in Impressive
(born 1969) spread via line breeding throughout the Quarter
Horse population (Fig. 6.21). Within the US the frequency of
affected heterozygotes in 1996 was believed to be 4.4%.185

Dominant inheritance has led to cases in Quarter Horse-
related breeds such as Appaloosas, American Paint horses
and crosses. Although seen predominantly in North
America, HYPP has also been reported in Impressive-
descended Quarter Horses in Australia.171

Myotonia

● Equine myotonia is very rare and likely has a genetic cause:
the sarcolemmal chloride channel has been implicated.

● Percussion dimpling and prolonged muscle contractions
are present from an early age.

● Electromyography reveals frequent myotonic discharges.
● No successful treatment or prophylaxis has been reported.
● The prognosis for life in myotonia is fair to good, though

athletic potential is likely to be poor.

Although horses with HYPP may exhibit (usually transient)
myotonia, several case reports describe more prolonged myoto-
nia. As in HYPP, some cases are probably associated with muta-
tions in genes encoding sarcolemmal ion channels.181 In
humans, the phenotype varies depending on the channel
involved and the mutation, but there is considerable overlap.
Early literature combined equine myotonia with myotonic dys-
trophy but on close evaluation of the disease descriptions, it is
clear that at least two myotonia-causing disorders exist.

Recognition

History and presenting complaint

Gait abnormalities and stiffness that are worst following a
period of rest may be apparent early in life.181
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Physical examination

Examination reveals symmetrical muscle hypertrophy and
percussion causes localized muscle spasm and prolonged
dimpling.181,209 Animals with myotonia are not expected to
deteriorate significantly with time.

Special examinations

Electromyography Changes are similar to those observed
in HYPP (Fig. 6.16).181

Muscle biopsy Histopathology will likely be normal or
show mild myopathic changes including excessive fiber size
variation and internally located nuclei.209

Diagnostic confirmation

The main differential is myotonic dystrophy, which is char-
acterized by severe muscle histopathological changes,
endocrine abnormalities and progressive clinical signs.
Affected horses share similarities with the prolonged
myotonia of humans with chloride channel disorders196

but the equine chloride channel gene has not been
identified. Certain mutations in the human sarcolemmal
sodium channel � subunit gene are manifest as myotonia
rather than periodic paralysis: direct sequencing, rather
than the routine HYPP DNA test would be required for
definitive diagnosis of a sodium channel disorder in
affected horses.

Treatment and prognosis

There are no reports of successful treatment. The prognosis
for athletic function is poor but the prognosis for life may be
good.181

Etiology and pathophysiology

Although the etiology is unknown, clinical descriptions and
comparison with human diseases suggest that a sarcolemmal
chloride channel mutation probably causes equine myoto-
nia.181,196 In human chloride channelopathies, reduced
muscle chloride conductance causes membrane potential to
rise, resulting in membrane hyperexcitability and hence
myotonia.197

Epidemiology

The disease, which may be inherited, has been reported in a
Thoroughbred filly in the US.181

Myotonic dystrophy

● Myotonic dystrophy is rare and probably has an under-
lying genetic cause.
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● Percussion dimpling and prolonged muscle contractions
are early signs.

● Horses with myotonic dystrophy may develop tendon con-
tractures, kyphoscoliosis and testicular atrophy.

● Electromyography reveals myotonic discharges in certain
muscles.

● Muscle histopathology reveals moderate to severe dys-
trophic changes.

● Successful treatment has not been reported and euthana-
sia may be necessary.

Recognition

History and presenting complaint

Horses are usually presented early in life with stiff gaits and
prolonged contraction of certain muscles.

Physical examination

Animals are alert and responsive, with marked muscular
hypertrophy particularly in the gluteal region and hindlimbs.
Percussion dimpling is readily elicited in many animals and
prolonged contraction may follow spontaneous or induced
movements (Fig. 6.22). Weakness, manifest as knuckling or
stumbling, may also be seen. Signs may progress to include
tendon contractures, kyphoscoliosis, a pendulous abdomen,
colic and testicular atrophy.179,180

Special examination

Electromyography Myotonic discharges are common in
some but not all muscles, as are high-frequency elec-
trical bursts during needle insertion, movement or fol-
lowing percussion.179,180 Motor unit potentials in the thoracic
paraspinal muscles of one animal were polyphasic and reduced
in amplitude, but normal in the gastrocnemius.180

Laboratory examination

Hematology and biochemistry Hematology and bio-
chemistry values may become abnormal with age.210 CK and
AST activities have been reported to be both normal and
raised in affected horses. Some animals have endocrine
abnormalities.179,180

Muscle biopsy Mild to severe dystrophic changes such as
fiber-size variation and fiber-type grouping, increased

perimyseal and endomyseal connective tissue, necrosis with
inflammatory cell infiltration, internally located nuclei and
whorled fibers may be seen (Fig. 6.23). There may be selective
type I muscle fiber hypertrophy with moth-eaten fibers and ring
bands.51,179,180,210–214

Diagnostic confirmation

The main differential is equine myotonia. Additional clin-
ical signs and muscle biopsy will aid in the diseases’
differentiation.

Treatment and prognosis

There are no reports of successful treatment.

A

Fig. 6.22
(A) Spontaneous
contraction and
dimpling of
hindlimb muscles of
a 5-month-old colt
of Anglo-Arab-
Sardinian descent
with myotonic 
dystrophy
(courtesy of Prof
Pascale Montagna,
University of
Bologna, Italy).
(B) Percussion
dimpling following
clipping in the
gluteal musculature
of a 1-month-old
Quarter Horse colt
with myotonic 
dystrophy. (From
Reed et al179.
Reproduced by
permission of John
Wiley & Sons Inc.)

A B

Fig. 6.23
(A) Transverse section of gluteus medius muscle
from a horse with myotonic dystrophy stained
with hematoxylin and eosin. Note the fiber size
variability, extensive perimysial connective tissue
and internalized nuclei.
(B) ATPase staining at alkaline pH. Compare with
Fig. 5.20F, p. 60). Note the marked variation in
fiber size with type I hypertrophy and fiber type
grouping. (Courtesy of Prof Mario Cipone,
University of Bologna, Italy.)

B
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Prevention

Owners should be advised with regard to breeding affected or
related animals, as the disorder may be genetic in origin.

Etiology and pathogenesis

The etiology and pathogenesis have not been established.
There are several inherited forms of myotonic dystrophy in
people, one of which is caused by mutations in a gene
encoding a protein kinase,215,216 although other genes 
are also implicated.217 In humans, endocrine disorders
including hyperinsulinemia and hypogonadism are
common.218,219

Epidemiology

The condition has been reported in Quarter Horses and in a
horse of Anglo-Arab-Sardinian descent.179,180,210

Mitochondrial myopathy

● Rare cause of severe exercise intolerance.
● Light exercise causes pronounced lactic acidemia.
● Diagnosis is achieved via muscle biopsy and measurement

of mitochondrial enzyme activities.
● Reduced activity of mitochondrial enzyme complexes are

probably associated with mitochondrial or genomic DNA
mutations.

● There is no treatment and prognosis is poor.

Recognition

History and presenting complaint

The most likely history will include severe exercise intoler-
ance. Mitochondrial myopathies in people are associated with
exercise-induced myalgia and cramps.220

Physical examination

In the reported case, the Arabian appeared normal at rest.221

However, human patients frequently have additional cardiac
and central nervous system involvement.222

Special examination

Exercise test Light exercise resulted in stiff, short strides,
profuse sweating and metabolic acidosis due to marked lactic
acidemia (Fig. 6.24). Oxygen consumption was reduced, but
PVO2 increased. The horse was unable to exercise for more
than 6 minutes and recovery was prolonged.221

Laboratory examinations

Hematology and biochemistry Routine hematology
and biochemistry analysis, including CK activity, was normal
in the reported horse at rest.221 However, given the multiple
systems involvement in humans,222 other cases may have
variable abnormalities.
Muscle biopsy Mild myopathic changes may be evident. 
In humans, classic findings include intense red-staining 
subsarcolemmal deposits of mitochondria in a few fibers 
with modified Gomori’s trichrome stain – so-called ‘ragged 
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Fig. 6.24
Graph showing rise in plasma lactate concentration in a control
horse (red line) and in a horse with a mitochondrial myopathy
(black line) according to the speed of the treadmill. Notice that
the affected horse produces large amounts of lactate even at slow
treadmill speeds. (From Valberg et al.221 Reproduced by
permission of John Wiley & Sons Inc.)

Fig. 6.25
Light microscopic transverse section of gluteus medius muscle
stained with nicotinamide adenine dinucleotide tetrazolium
reductase from an Arabian horse with suspected mitochondrial
myopathy. Note the dark staining (mitochondria), particularly
towards the rim of many myofibers, including the paler glycolytic
fibers.
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red fibers’. However, normal trained horses have abundant
subsarcolemmal mitochondria, which can appear similar.
Histochemical staining of NADH-dehydrogenase (complex I),
succinate dehydrogenase (complex II) and cytochrome
oxidase (complex IV)10 may be abnormal, suggesting res-
piratory chain enzyme dysfunction (Fig. 6.25). Electron
microscopy may reveal extensive subsarcolemmal and inter-
myofibrillar mitochondria with distorted or concentric
cristae.221

Biochemical analysis of mitochondrial oxidative
enzymes Mitochondrial respiratory chain enzyme activi-
ties are analyzed in mitochondrial preparations from affected

muscle. The following enzyme activities should be measured
by a specialist laboratory and compared with controls; in the
reported horse, complex I enzyme activities were significantly
reduced.221

Citrate synthase (matrix enzyme)
NADH-dehydrogenase (complex I)
Rotenone-sensitive NADH – (complex I and III)
cytochrome-c-reductase
Succinate – cytochrome-c-reductase (complex II and III)
Succinate dehydrogenase (complex II)
Cytochrome oxidase (complex IV)
ATP-synthase (complex V)

Succinate      Fumarate

TCA

NAD+

NADH

1/2O2 + 2H+                         H2O

ADP + Pi                  ATP

I

II

V

H+

Cytoplasm

Intermembrane
space

Matrix

QH2
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IV
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Mitochondrion

Christae

Fig. 6.26
Diagrammatic representation of the mitochondrial respiratory chain in mitochondria.The enzyme components of each complex are located
in the inner membrane. Protons accumulate in the intermembrane space and their energy is harnessed to regenerate ATP (via ATP
synthase). Q = ubiquinone.
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Diagnostic confirmation

Other much more common causes of exercise intolerance
should be ruled out before diagnosing mitochondrial myopathy.
In their absence, severe exercise intolerance and unusually 
pronounced exercise-induced lactic acidemia should prompt
muscle histopathological investigation and measurement of
mitochondrial enzyme activities. Mutational analysis of mito-
chondrial or genomic DNA enables definitive diagnosis in
humans; the complete equine mtDNA sequence is now
available.223

Treatment and prognosis

The prognosis depends on the degree of respiratory chain
compromise, but is likely to be poor as there is no treatment.
Affected animals are very unlikely to be athletic.221

Etiology and pathophysiology

Etiology

The respiratory chain enzyme complexes that produce ATP
during oxidative phosphorylation are located in the folded
cristae of the inner mitochondrial membranes (Fig. 6.26). In
humans, the proteins that make up complex II are encoded by
genomic DNA, whereas the other complexes are encoded 
by genes in both genomic DNA and mtDNA,222 hence 
mitochondrial myopathies may be caused by mutations in
either.

Pathophysiology

Mutations in mtDNA occur spontaneously or are inherited from
the mother, because mitochondria are maternally derived.
Within individuals, different tissues may contain normal and
mutated mitochondria in varying amounts (heteroplasmy). If
sufficient normal mitochondria exist, oxidative phosphorylation
defects go unrecognized, but become evident in tissues when
mutated mtDNA predominates, especially when ATP require-
ments are high, as in muscle. In muscle, defective oxidative
phosphorylation results in greater emphasis on anaerobic
glycolysis for energy production and correspondingly, a rise in
lactate production. In humans, mitochondrial diseases often
affect multiple systems, although postmitotic tissues, such as
the central nervous system and muscle, are over-represented,
probably because of inability to select against abnormal
mitochondria in affected cells.222

Fibrotic myopathy

● Mechanical hindlimb lameness characterized by the foot
abruptly slapping the ground at the end of the anterior
phase.

● Congenital and acquired forms have been recognized.

● Most horses have a history of trauma to the affected limb.
● A fibrotic mass may be palpable in the semitendinosus or

other hamstring muscles.
● Transection of the mass or tibial insertion tenotomy

results in return to normal function in some horses.

Recognition

History and presenting complaint

Horses present with unilateral or occasionally bilateral
hindlimb lameness. There may be a history of injury, trauma
or intramuscular injection in the affected limb.224

Physical examination

The mechanical lameness, which does not respond to anal-
gesics, is most obvious at the walk or slow trot and is charac-
terized by a sudden cessation of the anterior phase of the
stride, with the hoof abruptly slapping the ground. At faster
gaits the lameness may disappear. Taut muscles containing a
firm, fibrous mass may be palpable in the bellies or myotendi-
nous junctions of the semitendinosus (most commonly), but
also the semimembranosus, biceps femoris and gracilis
muscles (Fig. 6.27).19,224–226

Special examination

Ultrasound may help locate sites of fibrosis227 and radiography
can identify ossification.19,224 Electromyography may suggest
denervation that can be confirmed by muscle biopsy.228

Diagnostic confirmation

Other causes of hindlimb lameness should be considered.
Mild stringhalt is sometimes confused with fibrotic myopathy

Fig. 6.27
Palpating the
hamstring
musculature for
evidence of fibrotic
myopathy.
(Photograph
courtesy of 
Dr Kenneth
Hinchcliff, Ohio 
State University,
USA.)
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but stringhalt is associated with abnormal sudden upward
flexion of the limb. In most cases of fibrotic myopathy the gait
is pathognomonic.

Treatment and prognosis

Therapeutic aims

The main aim is to restore the normal mechanical function of
the limb.
Surgery Transection226 or excision224 of the fibrotic mass
or tenotomy of the tibial insertion of the semitendinosus
muscle are described.19,229

Muscle transection Although usually performed under
general anesthesia, transection of the fibrotic mass 
using a bistoury knife has been performed in the standing
horse under local anesthesia. Postsurgical drainage is
maintained with a Penrose drain inserted through a 
second incision, ventral to the first, and healing occurs via
second intention. Light exercise is resumed the day after
surgery.22,226

Tibial insertion tenotomy under general anesthesia
The tendon of insertion of the semitendinosus muscle is pal-
pated medially (with the horse in lateral recumbency and the
affected limb down), caudodistal to the femorotibial joint 
(Fig. 6.28). The tendon is exposed and transected following
vertical skin incision caudal to the medial saphenous 
vein. Closure is routine and tension sutures are placed 
in the skin. Residual healing occurs via second intention 

if dehiscence occurs. Mild exercise is recommended 
2 weeks postoperatively with full exercise allowed after 
6 weeks.19,230

Analgesia Treatment consists of NSAIDs (e.g. 2–3 mg/kg
phenylbutazone i.v., q 12 h p.o.) postoperatively for 2–3 days.

Prognosis

Tenotomy is reported to result in fewer complications and
have greater success.19,224 Results depend on which muscles
are affected and are better when only the semitendinosus
muscle is involved.229

Etiology and pathophysiology

This disorder is seen worldwide in athletic horses and is often
associated with trauma during work (particularly Quarter
Horses) or from fences or ropes. Fibrosis following intramus-
cular injection has also been described224 as has denervation
atrophy (e.g. sciatic nerve entrapment following fracture of
the greater trochanter).228 In young animals, the disorder
may be congenital.19

The hamstring musculature supports the stifle during the
early stance phase of the gait cycle, enhances propulsion in
the late phase and controls the limb’s momentum during the
swing phase of the stride. Limited range of movement
imposed by fibrotic muscle causes an abrupt termination of
the swing phase.

Fig. 6.28
Diagrammatic
representation of the
medial aspect of the
hindlimb showing the
semitendinosus tibial
insertion tenotomy
site with regional
anatomy.
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Semimembranosus muscle

Tarsal insertion of
semitendinosus muscle

Crural fascia

Site for tenectomy of tibial insertion
of semitendinosus muscle

Gastrocnemius muscle
(under fascia)
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the basis of classic race times remaining similar for many
years. The Thoroughbred has arisen from a somewhat limited
gene pool and this may have resulted in a plateau of perform-
ance.1 This is in contrast to the performance of human ath-
letes in which records are broken almost year on year.
However, an alternative explanation is that training methods
to condition race horses have not developed to optimize the
capacity of the adaptive responses of the musculoskeletal
system. In human athletics the application of sports science
has undoubtedly contributed to the enhancement of per-
formances over recent years. Equine sports science is not yet
developed or applied to the same extent. In addition, many
training systems continue to be based on empirical and tradi-
tional methods.

The skeleton has a unique capacity to respond to changes
in mechanical loading in the short term and can, therefore,
optimize for energetic efficiency in relation to changes in
mechanical demands. There is a need not only to understand
these mechanisms in general but to apply the information to
specific training regimens for equine athletes.

Skeletal requirements for the horse

The requirements for the skeleton in the horse are, in
common with other animals, related to functional demands,
imposed by both evolutionary process and short-term condi-
tioning. Domestication and the varied requirements for
man’s interaction with this species have resulted in a wide
range of breeds and types of horse, with great variation in
conformation. Selective breeding has resulted in adaptation
of this species for the different specific purposes. Some breeds
are massive and the bones are relatively high in mass to
accommodate needs for strength and endurance but they are
not able to sustain high speeds. Others have been selected for
speed, the Thoroughbred race horse perhaps being the best
example of skeletal development for speed. As such, the
requirements for the skeleton in these horses are those of low
mass and high strength.

The ‘design’ of the equine skeleton is a refinement of the
basic mammalian pattern. The horse is an unguligrade

Introduction

Role of the skeleton

The mammalian skeleton provides protection for vital organs,
a reservoir of minerals and a structural support for the body.
Its major role, however, is provision of structural support and
a means of locomotion using jointed bones together with
muscles, tendons and ligaments. These components have
evolved to optimize posture and locomotion for the lifestyle of
individual species. The type of joints and position of muscle
and tendon attachment relative to lever arms and fulcra
provide an optimal mechanical advantage. As a structure the
skeleton has evolved to provide maximum strength with
minimal mass. The skeleton comprises a series of morpholog-
ically distinct elements – bones. The shape and size of these
individual bones are determined by genetic and functional
factors to prove an appropriate structure for functional
demands with low risk of failure and without incurring
excess energy expenditure. The demands for energetic
efficiency are greater in animals evolved for high-speed
locomotion, such as horses.

The horse has not only evolved to become a high-speed
animal, but has also been the subject of selective breeding as
an elite animal athlete. The Thoroughbred race horse is a
prime example of selection for speed. However, it has been
suggested that this selection process has reached its limit on
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animal, a member of the order Perissodactyla, the odd-toed
ungulates standing on the hoof of the third digit. The major
muscle masses of the limbs are positioned proximally to
reduce the energy required to move the limb as it swings
backward and forward in cursorial locomotion. Muscle forces
are transferred to distal bones across joints by means of long
tendons. The tendons and ligaments have also evolved to play
a major role in the energetic efficiency of locomotion, many
acting as energy-storing springs.

Bone mass is also minimized at the distal extremities and
safety margins decrease toward the distal extremity of the
limbs. This has been related by Currey2 to the incidence of
fractures in race horses3 being higher in the distal bones than
those located proximally.

Selection for high-speed gait is also reflected in the mor-
phology of the equine skeleton. The lever arms at the elbow
and hock result in small muscle contractions producing fast
extensive movement of the lower limb segments.

Skeletal refinements in the elite equine athlete are basi-
cally fine tuning of this general pattern. New methods of
analysis of skeletal conformation are being used to assess the
level of performance in several different types of horse.4

However, these systems have not yet been perfected any more
than many other methods for identifying potential winners at
an early age. With advances in understanding of the factors
that optimize efficiency and the development of complex
computer modeling systems, it may eventually be possible to
identify athletic performance of individual horses at an early
age.

The ability to select and train elite equine athletes must
result from a sound understanding of many aspects of the
pathobiology of the horse, from the cell and molecular level
to that of the whole animal. One of the most important
systems in relation to locomotor performance is the muscu-
loskeletal system. The major structural support tissue is bone.

Bone as a tissue

Bone as a tissue is a member of the family of connective
tissues. These are characterized by being a composite of cells
and extracellular matrix. The matrix in the case of bone is a
composite of an organic, predominantly collagenous compo-
nent and an inorganic hydroxyapatite component.

Bone cells and interactions

Adult bone tissue comprises three major populations of cells,
each with a specific functional role but with both cell-to-cell
interactions and also cell–matrix interactions. It is the co-
ordinated interaction of the activities of these cell popula-
tions that optimizes the morphology of bones in relation to
changing mechanical demands. Understanding these mech-
anisms and applying the principles to training regimens has
the potential to improve performance and minimize injury in
conditioning of equine athletes.

Osteoblasts

These cells are derived from local lining cells. The flattened
mononuclear cells become plump when activated and syn-
thesize bone matrix in the form of osteoid (Fig. 7.1). The
osteoid then becomes mineralized over a period of weeks to
form bone matrix. In rapidly forming surfaces some
osteoblasts are entrapped in their own matrix and these then
become osteocytes (Fig. 7.2). The osteoblasts communicate
with osteoclasts and enable activation of osteoclasts to allow
bone resorption. Osteoblasts also produce colony-stimulating
factor that increases numbers of pre-osteoclasts from
mononuclear precursors in the bone marrow and also osteo-
clast activation factor that activates the pre-osteoclasts and
initiates resorption of bone matrix (Fig. 7.3). The coupling of
bone resorption and subsequent bone formation has recently
been shown to involve a receptor on the osteoblast cell mem-
brane known as RANK ligand (RANKL) which binds to
RANK present on the surface of pre-osteoclasts and induces
activation of the intracellular cascades to activate the osteo-
clasts. The RANKL can also bind to a protein called ‘osteo-
protegerin,’ OPG, which prevents binding with and activation
of osteoclasts. Thus a regulation of coupling of these cells
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Fig. 7.1
A photomicrograph of
bone showing the
bone-forming cells
called ‘osteoblasts’.The
blue staining matrix is
the precalcified
osteoid. Cells can be
seen becoming
entrapped in matrix to
become osteocytes.

Fig. 7.2
Bone cells –
osteocytes
entrapped within
bone matrix
showing
communication via
cytoplasmic
processes within
canaliculi.



and associated amounts of bone resorption and formation is
effected by this system (Fig. 7.4).5,6 Other systemic factors
can also influence this system; for example, parathyroid
hormone (PTH) can ‘blunt’ OPG influence. The osteoblasts
can also secrete collagenase, an enzyme that removes the
surface layer of osteoid, unmineralized bone matrix, on bone
surfaces and allows osteoclasts access to the bone matrix.
Boyde et al used in vitro systems to measure bone resorption
activity of osteoclasts and also to show the interactions
between osteoblasts and osteoclasts.7 Hormonal influences
on calcium metabolism and bone resorption act indirectly on
receptors on the osteoblast which in turn regulates osteoclast
recruitment and activity. Thus the osteoblast is central to the
control of the bone modeling and remodeling process.

Osteoclasts

These cells are derived from circulating monocytes. They are
multinucleate cells (Fig. 7.3) which, when activated, reside

on a bone surface with a ruffled border to isolate the local envi-
ronment between the cell and the bone surface. The perimeter of
the cell membrane forms a seal against the underlying bone
involving adhesion molecules, the integrins to isolate the local
environment beneath the cell which is then lowered in pH by an
active proton pump generating hydrogen ions.8 The pH falls to
around 2–3 and the bone matrix and embedded osteocytes are
resorbed, forming a resorption pit, and the resorption products
are trafficked through the cell.9 As indicated above, this process
is regulated by the osteoblasts, which in turn communicate
with the third population of cells – the osteocytes. The bone-
resorbing osteoclasts are also influenced directly by some
specific hormones such as calcitonin.

Osteocytes

These cells arise from osteoblasts that become trapped in the
bone matrix within lacunae. They are cells with many long
cytoplasmic processes within small tunnels in the matrix called
canaliculi (Fig. 7.2). Processes from adjacent cells connect by
means of gap junctions allowing cell-to-cell communication. A
recent finding by Skerry and co-workers has been the
identification of glutamate transport systems involved in osteo-
cyte cell signaling.10 This transmitter also operates in the central
nervous system, where complex interneuronal signaling
occurs. The presence of such a signaling mechanism among
osteocyte bone cells provides supporting evidence that this
population of cells plays a role in the overall perception of
mechanical environment on a bone and co-ordinates an appro-
priate response to ensure optimal bone size and architecture.

The osteocytes and their cell processes are surrounded by
extracellular fluid. The mechanical loading of a bone results in
deformation and movement of this extracellular fluid within the
matrix around the cells. Extracellular fluid contains ions and
the movement of this ionic fluid with respect to the charged sur-
faces of the matrix induces electrical potentials. These electrical
charges are referred to as ‘streaming potentials’ which are also
thought to influence the cell activity and provide a putative
mechanotransduction pathway.11,12 The gap junctions linking
cell communication are also modulated in number by mechan-
ical loading of bone and thus may play a role in regulation of
bone form in response to functional demands.13

The networks of osteocytes also communicate with the
surface lining cells and osteoblasts. Thus the integration of
the cell populations by the osteoblasts provides a complex but
extremely sensitive mechanism to enable bone mass and
architecture to be optimized for the changing mechanical
demands throughout life.

Lining cells

Quiescent bone surfaces are covered by lining cells which
have the capacity to respond to both mechanical and biologi-
cal signals and are activated to change shape into plump,
metabolically active osteoblasts. These cells are found in the
osteogenic layer of the periosteum or endosteum; these mem-
branes comprise a deep cellular layer and a more superficial
fibrous layer (Fig. 7.5). Some pluripotent cells have been demon-
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Fig. 7.3
A photomicrograph
showing bone
resorption by
osteoclasts.
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Fig. 7.4
Coupling of the bone remodeling cycle.



strated in the osteogenic cellular layer and these have been
shown to have the capacity to differentiate into other connective
tissues such as cartilage. There is currently considerable interest
in the various types of pluripotent cells in the adult as a source
of ‘stem’ cells that play a role in tissue regeneration. These qui-
escent lining cells are activated by mechanical or hormonal
stimuli to generate a bone-forming front of metabolically func-
tional osteoblasts involved in a modeling or remodeling process
to maintain or restructure the matrix.

Bone matrix

The extracellular matrix of bone is composed of two major
components: first, the collagenous organic component of pre-
dominantly type I collagen, imparting high tensile strength,
and second, the inorganic salt hydroxyapatite, imparting
high compressive strength. The apatite crystals are deposited
onto the collagen and gradually become orientated in a pre-
ferred direction with age.14

As a composite material, bone matrix is anisotropic and
the architecture of the matrix in relation to the osteocytes
forms the basic unit of structure, termed the lamella. The
architecture of the lamellae can be observed under polarized
light microscopy as the collagen is a birefringent material.
The architecture of these bone lamellae in different geometri-
cal arrangements forms the basis of the different histological

types of bone. Concentric circumferential lamellae form
osteons and when these are formed in the original develop-
ment of the bone they are termed ‘primary osteons’. A
similar architecture is also seen in the secondary osteons that
are formed to repair damage such as micro-cracks or infill
porosities within the cortex. Lamellae formed around vascu-
lar networks or plexi result in laminar or the less regular plexi-
form bone often seen in ungulates like the horse (Fig. 7.6).
This type of bone allows very rapid increases in cross-
sectional area with later consolidation.2 Lamellar bone can
also form circumferential lamella on the entire periosteal and
endosteal surfaces of individual bones (Fig. 7.7).

In embryological development and in the early stages of frac-
ture repair a rapidly forming bone with irregular lamellae,
coarse collagen fibers and large osteocyte lacunae is seen. This
is called ‘woven’ bone and is rapidly remodeled to the various
types of organized lamellar bone, such as primary and second-
ary osteonal bone, previously termed ‘Haversian’ bone (Fig. 7.8).

Bone morphology has been related to the mechanical
loading requirements of different specific bones. For example,
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Fig. 7.5
Lining cells on a
bone surface –
periosteum,
comprising a fibrous
outer layer and an
osteogenic or
cambium inner layer
of cells.

Fig. 7.6
Photomicrograph of a
transverse section of laminar
bone.

Fig. 7.7
Photomicrograph of a transverse section of
cortical bone to show secondary osteons at
different stages of formation in the process of
remodeling and endosteal circumferential lamellar
bone.



the orientation of collagen fibers in the cranial and caudal cor-
tices of the radius reflects the mechanical requirements of this
bone. Strain gauge studies have shown that this bone is loaded
in both compression and bending with principal tensile strains
aligned with the long axis of the bone in the cranial cortex and
principal compressive strains aligned to the long axis in the
caudal cortex.15 The arrangement of collagen fibers in relation
to this pattern of loading has been demonstrated by Riggs et
al.16 This has been supported by a comprehensive analysis of
matrix morphology in the equine radius by Mason et al, in
which the analysis of primary bone and bone within secondary
osteones of the cranial and caudal cortices of the radius were
arranged appropriately to optimize for the pattern of functional
loading.17 Mason et al also confirmed a predominant longitudi-
nal arrangement of collagen fibers in the cranial cortex of this
bone, to resist the functional tensile strains at this location.17

Any consistent changes in the magnitude and pattern of
loading induce a modeling response in which the bone cell
activity will modify the matrix to maintain the optimization of
the overall bone architecture in relation to the new prevailing
loading conditions. Matrix, and embedded osteocytes, can be
removed by osteoclasts and new matrix formed by osteoblasts.
This coupled cellular activity allows bone as both a material and
structure to be changed in terms of mass and distribution
throughout life.

Matrix molecular composition

Bone matrix comprises approximately 65% inorganic
mineral, largely hydroxyapatite, and 35% organic material
and water.

As with all connective tissue matrices, there is a high pro-
portion of water in the order of 25%, dependent upon type of
bone. The remaining matrix is predominantly type I collagen
together with a small proportion of minor collagens and non-
collagenous proteins, including proteoglycans and glycopro-
teins. Some growth factors such as TGF-� and bone morpho-
genetic proteins are also present in abundance within bone
matrix; these peptides act as biological signaling molecules for
mitogenesis and differentiation of bone-forming cells. They are
released with osteoclastic resorption of the matrix and can act
in autocrine and paracrine manner on the osteoblasts.

Bone matrix components include osteonectin, bone sialo-
protein, osteopontin and osteocalcin, a protein that can be
used in blood assays together with collagen propeptides that
have been investigated as a non-invasive method to monitor
bone cell activity during growth, development and training of
horses.18,19

Material properties

The material properties of bone matrix vary and are largely
related to the degree of mineralization, particularly with
respect to modulus of elasticity. Bone such as the tympanic
bulla, with a very high mineral volume fraction and density,
has a high modulus eminently suitable for conduction of
sound, whereas deer antler is low in mineral content and has
a low modulus, again appropriate to avoid fracture in its role
in fighting. Bone matrix is an anisotropic brittle elastic mate-
rial and the elastic modulus is related to the level of mineral-
ization. The influence of mineralization on material
properties has also been evaluated during growth and matu-
ration. In immature horses the level of mineralization is low
and increases to a higher level with maturation to adult
equine bone. With development and increased mineralization
there is a significant correlation with changes in mechanical
properties; it is suggested that such changes may be meas-
ured non-invasively using ultrasound transmission systems.
This would provide the potential to monitor material proper-
ties of bone during growth and possibly during training.20

The material properties and morphology of specific bones
determine the structural properties of the individual skeletal
elements. Thus changes in the mechanical competence of
bones as structures may be a consequence of either changes
in the material properties of the constituent tissue or an alter-
ation in the structural distribution of the material in relation
to the magnitude and distribution of the loads applied at a
particular time. The dynamic nature of bone tissue provides
the ability to optimize structure in response to changes in
matrix material properties.

Mechanical characteristics

Bone tissue as a material contributes to the mechanical char-
acteristics of the individual skeletal elements. The architec-
tural arrangement of the material is predominantly related to
the general functional requirements of the particular skeletal
elements. In the long bones the diaphysis is tubular to resist
the functional loading patterns of bending and torsion. In
engineering terms these loading patterns can be sustained
with maximum strength and minimal material by tubular
structures with the material distributed at a distance from the
neutral axis. For example, if a solid beam is subjected to
bending, one surface will experience tensile stresses and the
opposite surface compression stresses. At some plane between
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Fig. 7.8
Photomicrograph of a
transverse section of
highly remodeled
secondary osteonal
cortical bone.

Fig. 7.9
Data from a pqCT
scan of an equine
MC3 bone to show
the variation in
cortical thickness and
the presence of the
medullary cavity as
the region of the
‘neutral axis’.



these two surfaces there will be neither tensile nor compressive
stresses (the neutral axis), thus no material is required in this
region. When bone tissue organizes into the components of the
skeleton, its structure is based on optimization of energetic
efficiency. Thus to minimize the mass of material, bone is not
present in the medullary cavity (Fig. 7.9). The relative thickness
of the cortices also reflects the loading patterns of a particular
bone. These changes may be measured using radiographic and
ultrasound transmission techniques.21

At the extremities of the long bones and in short bones the
functional loads are predominantly those of axial com-

pression. This is reflected in a different architecture with a
thin cortical shell supported by internal cancellous bone 
(Fig. 7.10). The plates and rods of bone are termed trabecula
and formed of aligned bone lamellae (Fig. 7.11). These rods
and plates are not randomly arranged but strategically placed
in relation to the trajectories of principal compressive and
tensile stresses. In the cancellous bone of the epiphyses,
underlying the articular surfaces of the synovial joints, the
trabecula are orthogonal (perpendicular) to the articular
surface. This architecture of the plates and rods again allows
the use of minimal material to provide maximum strength
and minimize energy requirements for locomotion. In short
bones that are loaded predominantly in compression, the
internal structure is of strategically arranged bony trabecula.
Some short bones, such as the calcaneus, are subjected to
bending moments. The internal cancellous architecture
reflects this with arcades of trabecular bone arranged orthog-
onally to resist the principal compressive and tensile stresses.
Nature reflects the calculated stress-related bracing seen in
some engineering structures such as the Fairbairn crane in
which the loading and principal stresses resemble those of
the femur (Fig. 7.12).

The increased diameter of the bones in the regions of the
epiphyses and the presence of subchondral trabecular bone
act both to reduce stresses on the articular cartilage and
provide a compliant structure to absorb impact loads. Thus
any changes in the compliance of the trabecular bone will
influence the loading of the overlying cartilage and can indi-
rectly induce changes in the articular cartilage.

Bone as a structure/organ

Adult bone form is determined by a combination of genetic
and environmental influences. Fell demonstrated that certain
anatomic features of the developing skeleton are formed as a
consequence of inherent genetic control whereas others
require a functional loading to form.22 An elegant study by
Chalmers investigated the development of a mouse femur
implanted into the spleen when at the cartilage anlage (pre-
cursor) stage of development.23 This cartilaginous bone pre-
cursor developed into a bone with the basic form of the femur
but lacked the architectural refinements seen in the normal
adult mouse femur. The refinements, such as a waisted
femoral neck, cortical thickness and trabecular architecture,
are induced as a consequence of functional loading and are
determined by the prevailing loading conditions (Fig. 7.13).

116
Musculoskeletal system

Fig. 7.10
Photograph of the
metaphysis and
epiphysis of a long
bone sectioned
longitudinally to
show the cortical
shell supported by
internal cancellous
spongy bone.

Fig. 7.11
Photomicrograph of
histological section of a
bone trabeculum to
show lamellar bone
structure.

Fig. 7.12
Comparison of the structure and stress
distribution of the Fairbairn crane and proximal
femur.



There is a dynamic interaction between the loads imposed on
the skeleton and the morphology of the bones at any point in
time throughout life. It is therefore important to appreciate
these interactions in order to condition the skeleton for the
demands of athletic performance and to understand the
modes and mechanisms of failure.

Skeletal development

Growth

Ossification

The skeleton is developed both pre- and postnatally. The major-
ity of the bones of the skeleton, particularly the appendicular
skeleton, are preformed as miniature replicas in hyaline carti-
lage. This has the advantage of enabling rapid three-dimen-
sional growth. The material and structural properties of hyaline
cartilage are adequate to support the low level of loading pre-
vailing in utero. In preparation for the postnatal changes in
loading with gravitational and muscular forces, a more appro-
priate material must replace the hyaline cartilage. This is
accomplished by vascular invasion, calcification and removal of
cartilage and replacement with lamellar bone. This process is
endochondral ossification. In a few sites of the skeleton, for
instance the bones of the vault of the skull, bone is formed by
direct ossification of a fibrous type I collagen scaffold. This
process is intramembranous ossification.

The bones associated with locomotion are formed by both
endochondral and intramembranous ossification. This allows
simultaneous longitudinal and circumferential growth of the
bones.
Endochondral ossification The initial vascular invasion
of the cartilage replica occurs in the midshaft. In this region
the chondrocytes within the lacunae undergo hypertrophy
and the extracellular matrix becomes calcified. It is now

thought that the endothelial cell invasion occurs in the non-
calcified territorial and pericellular matrices following cell
death24 and that cell death in the growth plate occurs through
an apoptotic pathway.25 The calcified cartilaginous matrix is
then removed by chondroclasts derived from vascular cells and
replaced by woven and then lamellar bone. These spicules of
bone become strategically organized and form the cancellous
bone structure of the metaphysis, termed the primary spon-
giosa. In human growth this has been suggested by Byers et al
as a critical component of the growth process and the develop-
ment of the mineralization of the primary spongiosa may be of
importance in relation to bone-altering disease in later life.26

These authors also suggest that the secondary spongiosa retains
a constant bone mineral volume throughout development.
Thus in the developing horse the mechanical loading from 
exercise during growth and maturation could affect the level of
mineralization of the primary spongiosa.

Simultaneously with the longitudinal growth, the fibrous
layer covering the replica bone, the perichondrium, initiates
ossification of the fibrous tissue and forms a cuff of bone which
develops to form cortices of the tubular diaphysis. This process
forms the ‘primary’ ossification center and is followed by further
vascular invasion at one or both ends of the developing bone to
form secondary ossification centers. The secondary ossification
centers are separated from the primary center by plates of
hyaline cartilage known as the growth plate or physis. This
process allows for both circumferential and longitudinal growth
and enlargement of the bone. The longitudinal growth occurs
by utilizing the interstitial growth potential of hyaline cartilage
in the proliferative zone of the growth plate. The physis has a
distinct structural pattern relating to specific functional activi-
ties. The epiphyseal side of the plate is characterized by a resting
zone of randomly arranged cells within an extracellular matrix.
These cells give rise to the zone of proliferation in which the
chondrocyte population is actively dividing. These cells then
align into palisades extending toward the metaphysis, with 
the cells closest to the metaphysis showing hypertrophy of the
lacunae. In this zone of hypertrophy the matrix becomes 
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Fig. 7.13
Radiographs of mouse femora, showing the
adaptations to functional environment (A) from
the basic genetic template (B). Adapted from
Chalmers et al 1962.



calcified and is removed by chondroclasts. Osteoblasts then
deposit woven bone on the calcified cartilage scaffold. This tissue
is rapidly remodeled to lamellar bone and forms the trabecular
rods and plates of the spongiosa that support the metaphyseal
cortex. The width of the physis is increased by appositional
growth from the overlying perichondrium. The physis can be
described as a discoid physis contributing to the increase in lon-
gitudinal growth and width of the metaphysis. The epiphysis
also acts as a spheroid physis to increase the size of the epiphysis
by radial growth. The early articular cartilage is thick and
arranged in a similar pattern to the physeal plate with the pro-
liferating chondrocytes close to the articular surface and a
radial arrangement of palisades toward the center of the epi-
physis (Fig. 7.14). The secondary ossification centers and sphe-
roid physes form the cancellous bone that supports the articular
cartilage. Abnormalities in the process of ossification can lead to
specific orthopedic conditions such as angular deviations of the
limbs and osteochondral dysplasias.

The limited thickness of the physis in normal animals
allows growth without excessive deformation of the cartilage
which would result in angular deformations of the growing

bone. In some conditions where ossification is inhibited and
the cartilaginous component of the physis increases in thick-
ness, limb deformities occur during growth. A classic exam-
ple is dietary rickets. Rapid growth can also result in angular
deformities of the long bones.
Intramembranous ossification As the bones increase in
length there is also an increase in overall width of the meta-
physis and diaphysis of the bone, accomplished by apposi-
tional bone growth on the periosteal surface. In the
developing bone a cuff of periosteal bone is formed. The
periosteum comprises an outer fibrous layer and an inner
osteogenic ‘cambium’ layer. In this osteogenic layer cells dif-
ferentiate into osteoblasts which deposit osteoid directly onto
collagen type I fibers. This process ultimately forms lamellar
bone. In ungulates the type of lamellar bone formed is
laminar or plexiform bone. This primary vascular bone is
capable of a rapid increase in cross-sectional area. In this type
of bone a rapid appositional growth occurs with subsequent
infilling of lamellae within the laminae of the vascular
network.27 Thus bone growth occurs to the age of skeletal
maturity by means of these two processes.
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Fig. 7.14
(A) The growing spheroid and discoid physes in
an immature growing long bone sectioned
longitudinally. (B) Diagram to show the
arrangement of palisades in the two physes.
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Modeling and remodeling

During the processes of both bone growth and adaptation to
changes in loading, the shape or architecture of the bone is
changed by cellular activity to remove and form bone. Unlike
cartilage, bone cannot increase in size by interstitial growth;
only by these processes of removal and formation of bone
surfaces can the relative proportions of curvatures and the
positions of tuberosities be maintained. Changes in shape
result from removal and formation of bone at the same time
but at different locations; this process is termed modeling and
allows changes in three-dimensional tissue space (Fig. 7.15).

Modeling is determined both by growth and by mechani-
cal loading. As a long bone increases in length the flared
metaphysis is narrowed into the diaphysis by bone resorption
on the periosteal surface and bone formation on the
endosteal surface. In the diaphyseal region increase in bone
width during growth occurs by periosteal appositional
growth and endosteal bone resorption (Fig. 7.16).

Within the bone matrix microdamage can occur as a conse-
quence of repeated loading cycles. Repetitive loading in many
inert materials results in accumulation of microdamage and
ultimately, the gross fracture of the structure. Although bone is
a structural material it is living and there are cell-to-cell and
cell-to-matrix interactions. Thus changes in matrix can initiate
cellular responses to maintain and adjust the matrix. Micro-
damage is a stimulus to induce osteoclastic resorption of the
damaged matrix followed by deposition of lamellar bone by
osteoblasts. This dynamic repair process occurs throughout life
and during normal functional loading of the skeleton. It is
termed remodeling and involves the resorption and removal of
bone at the same site but at different points in time (Fig. 7.7).
Bone that is formed in remodeling is called secondary bone.
These secondary osteons continue to increase in level of miner-
alization for several weeks after formation of the osteon has
been completed. The secondary bone is not as strong as primary
bone but is stronger than the damaged matrix. The remodeling
process results in the formation of ‘secondary osteons’. The
initial resorption is effected by a cutting cone of osteoclasts trav-
eling longitudinally within the cortical bone, followed by lining
osteoblasts that secrete the new circumferential lamellar bone
with entrapment of osteoblasts within the matrix to become the
osteocytes within the circumferential lamellae (Fig. 7.17). A
glycoprotein layer is formed between the newly formed second-
ary osteon and the adjacent bone tissue which forms the cement
line.

Bones as structures

Individual bones have specific morphologic features related to
their functional contribution to the skeleton as a whole. The
types of bones can be divided broadly into long bones, such as
the femur, humerus, radius, tibia and the metacarpal/tarsal
bones, short bones, such as the carpal, tarsal and distal pha-
langeal bones, and flat bones, such as the scapula, and some
bones of the skull and pelvis. In addition, some bones are not
directly involved in the structural support of the body but con-
tribute to the mechanical arrangements of tendons in facilitat-
ing the change in direction of tensile forces. These bones, often
associated with tendons, are the sesamoid bones, of which the
patella, proximal and distal (navicular) sesamoids are examples.

The long bones can be divided into regions: the epiphyses,
metaphyses and diaphysis. These regions show different mor-
phologic arrangements of the bone tissue. The epiphyseal
and metaphyseal regions comprise a thin cortical shell of
compact bone supported by internal cancellous bone, some-
times termed spongy or trabecular bone. This internal
arrangement of bone tissue comprises plates and rods of
bone with spaces or cancelli filled with marrow or fat. The
bone tissue in these areas often shows a definite pattern of
trabecular arcades. This arrangement of internal spongy
bone is also seen in the short bones. The geometric pattern is
particularly noticeable on radiographs and especially those of
the proximal femur and calcaneus (Fig. 7.18).

The internal structure of spongy bone has been of interest
to scientists, engineers and surgeons since the time of Galileo.
In the 1890s comparisons were made between the pattern of
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Fig. 7.15
Photomicrograph of
a fluorochrome-
labeled section of
trabecular bone,
showing apposition
on one surface
indicating a modeling
change in
architecture.
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cancellous bone and analysis of stress trajectories in engi-
neering structures. The proximal region of the femur with
the femoral neck and head is loaded in a manner very similar
to that in engineering structures like the Fairbairn crane and
the trabecular architecture reflects the lines of principal
tensile and compressive stresses calculated for these struc-
tures (see Fig. 7.12).

Recent developments in technology have allowed the dis-
tribution of principal strains to be measured in the living
skeleton and the data from such studies have provided sup-
porting evidence that these bone trabeculae are strategically
placed to optimize the strength of the structure with minimal
mass of tissue. In animals this is important to reduce the
energetic cost of locomotion. The thickness and structural
density of trabecular bone also reflect the magnitude of the
loads taken in that region of the bone. This has been shown
in training studies; for example, the trabeculae in the dorsal
region of the third and radial carpal bones are thicker than
those in the more palmar regions in horses that have been
trained for peak athletic performance. These observations
can be used in diagnosis of bony changes related to mechan-
ical loading of the skeleton. The site-specific changes, such 
as those in the carpal bones, are often found to be related 
to predilection sites of skeletal injury and pathology so 

knowledge of these interactions can enhance diagnostic and
prognostic clinical skills.

The arrangement of bone tissue in the diaphyseal region
of long bones is markedly different. This region is similar to a
tube, hence the term tubular bone. The wall of the tube com-
prises compact cortical bone, of differing thickness, and a
medullary cavity containing blood vessels, marrow and fat.
This arrangement of bone reflects a different mechanical
loading pattern; whereas in the short bones the loads are pre-
dominantly compressive loads, in the long bones spanned by
tendons and ligaments there are large bending and torsional
moments in addition to compressive loading.

Again, the biologic drive is to reduce the energetic costs of
locomotion, whilst ensuring adequate structural strength to
avoid failure during physiologic loading levels. In engineering
design these requirements to provide maximum strength in
bending and torsion using a minimal mass of material are
met by a wide-diameter, thin-walled tube. This essentially
places the material at the greatest distance from the neutral
axis, where there are neither tensile nor compressive stresses.
In long bones the medullary cavity represents the average
neutral axis relative to the loading pattern of the bone. Thus
strength is maximized and mass minimized to reduce the
energy costs associated with moving the limb. In animals
evolved for high-speed locomotion there is a high biologic
drive to reduce energy costs. In engineering structures the
material type, mass and distribution all contribute to the
ability of the structure to resist functional loads. However, to
allow for occasional overload a safety margin is normally
incorporated into the design, such that the structure will not
fail as a consequence of occasional overload. Studies have
shown that the skeleton also incorporates a safety margin
although this is not uniform in relation to skeletal loca-
tion. The neck of the femur in humans is known to be able to
withstand about five times bodyweight. The disadvantage of
a safety margin is the additional mass of material. This
becomes significant in the more distal regions of the limb
since additional mass increases the momentum of the swing-
ing limb and this in turn would result in a significantly
increased energy requirement in decelerating and accelerat-
ing the limb, particularly in high-speed equine athletes.
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Fig. 7.17
A ‘cutting cone’ of osteoclasts (1) followed by a
blood capillary (2) and osteoblasts (3) infilling with
circumferential lamellae to form a secondary osteon.

Fig. 7.18
Radiograph of the
proximal human
femur to show
trabecular arcades.



Currey, analyzing data from Vaughan & Mason, showed that
a higher incidence of fractures during racing occurred in the
more distal bones of the limb and hypothesized that this
could be explained by a lower safety margin in the more distal
limb bones.3

Although the diaphysis of long bones is essentially
tubular, the distribution of bone in terms of cortical thick-
ness may be non-uniform around the circumference of the
bone. This reflects different levels of resistance to bending in
different planes and the associated distribution of bone mass.

Factors controlling shape and size

Genetic influences

Both between species and within species, the variation in the
specific geometry of individual bones is a consequence of two
main factors. First, a genetic component that will control a
basic bone mass. Second, a response to prevailing mechanical
conditions which will modify the basic genetic pattern in rela-
tion to both the magnitude and the distribution of loads
applied to the particular bone.

Disuse will result in a tendency toward the genetic basic bone
mass. Abnormal loading will induce a concomitant abnormal-
ity in the size and shape of the bone. Chalmers in 1962 demon-
strated these controling factors by transplantation of the
cartilage precursor of the mouse femur to the spleen, where it
developed with adequate blood supply but devoid of mechanical
input.23 Although the basic shape of a femur could be recog-
nized, this bone lacked the refinements in both mass and archi-
tecture exhibited by the normal functionally located bone in
littermates (see Fig. 7.13). Further evidence that certain
anatomic features of specific bones were genetically predeter-
mined and others were formed as a consequence of local stimuli
was provided by Fell using isolated limb buds from developing
embryos in organ culture.22 Genetic modification of a basic
anatomic skeletal pattern is often seen in relation to attaining
specific conformation for either visual or functional require-
ments. Even within specific breeds of horse certain genetic
strains are evident and linked to differences in bone mass and
architecture. Other factors influenced by selective breeding,
which could be described as genetic modification, such as
muscle mass, may have an indirect influence on bone mass as a
consequence of increased levels of mechanical loading of the
bones. As both a tissue and a structure, bone has the property of
functional adaptation.

Environmental influences

Other factors such as nutrition and hormonal environment
may also influence the ability of a bone to attain the full
genetic potential. However, one of the most potent environ-
mental influences on bone mass and architecture is the pre-
vailing mechanical environment.

Functional loading of bone refines the inherent genetic
form. The levels of mechanical input can vary throughout 
life with an associated response in terms of skeletal adapta-
tion.

Both during growth and maturation and in the skeletally
mature adult, bone responds to mechanical loading. The rela-
tionship of the pathophysiology of functional adaptation to
training and conditioning regimens in general and in the
horse in particular is important in maximizing performance
and minimizing skeletal injury. In determining the aspects of
functional loading that influence the bone cell populations
and consequently are important in controling the architec-
ture of the skeleton, it was essential to be able to quantify the
functional environment of the skeleton.

Although techniques were available to measure strains on
cadaveric bone, using photoelastic coatings, stress coat and
electronic strain gauges, it had not been possible to quantify
the effects of loads on the living skeleton until the cyano-
acrylate tissue adhesives became available. In the early
1970s Lanyon & Smith28 and van Cochran29 made the first
measurements of strain in the living skeleton. The ability to
bond foil rosette strain gauges to living bone allowed both the
magnitude and distribution of the principal strains on the
surfaces of a number of bones to be measured during activi-
ties such as locomotion. From these measurements it was
possible to determine the loading patterns of different specific
bones. For example, the radius in quadrupeds is loaded in
bending with principal tensile strain aligned to the long axis
of the bone on the cranial cortex and principal compressive
strain aligned to the long axis of the bone on the caudal
cortex,16 whereas the tibia showed a significant component of
torsional loading.30 The physiologic loading pattern of these
long bones can be used in determining the appropriate
fixation methods to treat fractures in these bones.

Strain distributions on the surface of bones with defined
internal trabecular arcades again provide confirmatory data
to show the strategic alignment of the trabeculae of spongy
bone with the directions of principal tensile and compressive
strains.31 This technique increased the understanding of the
response of bone to changes in mechanical demands, a
mechanism called functional adaptation.

Functional adaptation 
of bone

General principles

The bony skeleton provides structural support for the body
throughout life and also enables locomotion by virtue of the
linked skeletal elements forming a system of rigid levers upon
which forces can be exerted by muscles through tendons and
ligaments. Articulations between the individual bones allow
energetically efficient movement. The basic genetically
determined bone mass is optimized for energetic efficiency
and to accommodate the loads imposed. Thus throughout life
as the activities change, the process of functional adaptation
enables the appropriate adjustments to be made to the mass
and architecture of the skeleton. The biologic signals that
induce bone cell activity and control the adaptive process are
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related to the deformation of the tissue as a consequence of
the loads applied by muscles and gravity. Deformation is
termed ‘strain’ and is the change in length in relation to the
original length (Fig. 7.19). Although the response of bone to
mechanical loading has been known for some time, the
ability to quantify imposed changes in mechanical environ-
ment of the skeleton and relate these to the consequent bio-
logic response of the bone has only been possible using the
technique of in vivo strain measurement.

Dynamic strain similarity

By applying strain gauges to the living skeleton of a variety of
species, from fish through reptiles, birds and mammals,
including the horse and human, the level of bone deforma-
tion during peak physiologic activity has been shown to be
remarkably similar.32 Thus it was hypothesized that bone had
evolved in this wide range of species to optimize to a thresh-
old level of deformation, irrespective of histological structure.
A simple strain-controlled feedback loop was proposed. If an
increase in loading resulted in an elevated strain above the
threshold value, this triggered the bone cell populations to
synthesize bone matrix to increase the mass of bone and thus
for the new loading conditions to reduce the increased levels
of deformation back to the threshold values. In the event of a
decrease in loading and consequent level of deformation, the
bone cells would respond by activating a net bone resorption
and decrease bone mass.

Optimization of mass and architecture
(Wolff ’s Concepts)

In the event of a persistent change in the normal pattern of
loading, the bone strain patterns would be altered and this
persistent change in strain distribution would initiate a redis-
tribution of bone through a modeling response to alter the
architecture of the bone as a structure. Such changes may
involve structural optimization by changes in both the distri-
bution and mass of bone.

Early studies in which the strain on the skeleton was
increased and an adaptive response was evoked supported the

theory of a strain control feedback mechanism. The charac-
teristics of the mechanical osteogenic stimulus were eluci-
dated by a series of studies in which bones were subjected to
known strain characteristics and the consequent osteogenic
response was measured. These studies were of two basic
types: those in which a defined mechanical regimen was
imposed on a bone following surgical intervention and those
in which an exercise regimen was applied to the intact skele-
ton. Increased loading of parts of the skeleton induced by
removal of adjacent bone or by attachment of loading
devices to isolated bones allowed the imposition of a specific
strain environment. The early studies inducing increased
loading by removal of an adjacent bone and consequent over-
loading of the remaining ones by normal locomotion demon-
strated an adaptive response to increase the overall
cross-sectional area and thus restore the strain levels to the
functional optimal values, thus supporting one of Wolff ’s
hypotheses.33,34

Osteogenic mechanical stimuli

The nature of the mechanical stimulus that elicited an
osteogenic response was investigated by a more controlled
study of specific mechanical variables and their influence on
adjustment of bone mass and architecture.

Such studies involved the use of implants attached to the
bone and used to impose controlled mechanical stimulation.
These experiments elucidated some of the osteogenic aspects
of the strain environment. During normal strain distribu-
tions, such as those occurring during walking, the level of
osteogenic response, in terms of increased cross-sectional
area of bone, to imposed strains was found to show a high
correlation with the rate of bone deformation.35 This sug-
gests that training using a normal type of exercise requires a
high loading rate to elicit an osteogenic response. A more
refined method of studying the exact nature of mechanical
signals that stimulate bone formations was developed by
using isolated segments of bone. Ideally an organ culture
might be used for such studies but culture of bone is difficult
in terms of culturing a significant mass of true ossified tissue
and the absence of the hormonal regulation and its interac-
tion with mechanical cues precludes such models.

Using isolated bone models in vivo, it was possible to define
in a more specific manner the strain characteristics that
induced bone formation.36 The effect of numbers of cycles of
loading applied on a daily basis was investigated, together
with the effect of magnitude of the imposed strain. It was
shown that there was a ‘dose–response’ effect with strains
below the normal physiologic threshold inducing bone
resorption and a consequent decrease in cross-sectional area
and those above the physiologic threshold showing an
increase related to strain magnitude. From these experimen-
tal studies a number of mathematical models were derived in
which it appeared that there was a window of strain magni-
tude that retained bone mass with neither resorption nor for-
mation. This was termed the ‘lazy zone’.37 Strain magnitudes
outside this zone induced either bone resorption or bone for-
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mation. Interestingly, Rubin & Lanyon investigated the rela-
tionship between the number of loading cycles imposed on a
daily basis and the resultant effect on bone mass in terms of
bone mineral content and cross-sectional area.36 This work
showed that a maximal effect on bone mass could be attained
with only 36 cycles of loading at 0.5 Hz each day. Any addi-
tional cyclical loading did not attain a greater effect on bone
mineral density or cross-sectional area. Bone mass was
shown to be maintained with as few as four loading cycles per
day, whereas complete cessation of loading resulted in a
decrease in bone, predominantly by endosteal resorption
leading to a reduced cortical thickness, together with some
increase in cortical porosity. This study suggests that short
periods of osteogenic cyclical deformation can induce a
maximal adaptive response. In terms of conditioning bone in
equine athletes this might be interpreted as a short period of
daily trotting. The stimulus appears to require cyclical defor-
mation as the application of constant load did not induce
bone adaptation.38

Hillam & Skerry developed a non-invasive method of
loading the rat forearm and used this model to demonstrate
that mechanical loading could modify the normal modeling
patterns seen during growth.39 A short period of cyclical
loading changed a bone resorption surface to a bone-forming
surface. The applied loading induced an aberrant strain dis-
tribution. This model was also used by Mason et al in deter-
mining the gene activation patterns associated with
mechanical loading and putative signaling molecules in the
transduction and integration of mechanically induced bone
remodeling.40 Forwood & Turner used a similar approach by
applying a bending moment to the rat tibia and confirmed the
response to high strain rate cyclical deformation in a mam-
malian model. This suggests the principles can be extrapo-
lated to other species, including the horse.41

Thus the principles of these findings have implications for the
training of young horses using a diverse exercise regimen.
Perhaps on the basis of this evidence, horses that are used for
competitive events that involve movements outside the natural
range on a frequent basis should be introduced to such exercises
at an early age when the architecture of the skeleton could be
influenced to adapt to these loading demands and thus resist
damage and failure in adulthood. Events such as jumping, dres-
sage, trotting, racing and pacing may be candidates for such
practice. However, any training regimens must be introduced
over an adequate time period with a graded increase to accom-
modate adaptation and avoid damage.

Rate of adaptation

Adaptation to loading in bone can be initiated by short periods
of cyclical loading. Therefore, to prolong this type of exercise or
to introduce long periods of such exercise too rapidly, particu-
larly on a hard surface, may lead to induction of microcracks
and ultimately the gross fracture of the bone. Damage even to
the delicate internal architecture of the trabecular bone with
subsequent stiffening, particularly of subchondral regions,
may reduce the absorption of high impact loads and inflict

damage upon the overlying articular cartilage (Fig. 7.20).42

Mechanical factors may thus initiate a cascade of events
leading to degenerative joint disease. The joint must be consid-
ered as an organ and changes to one component tissue or
structure will impact on the whole joint.43 Interestingly, Chen
et al observed differences in heel strike transients between races
with different incidence of degenerative joint disease so it is
possible that conformation may influence the transmission of
impact transients in equine limbs and predispose to degenera-
tive joint disease. This localized adaptive hypertrophy of trabec-
ular bone can be seen following imposed exercise regimens, for
instance the dorsal regions of the third and radial carpal
bones.45 Furthermore, with an osteogenic exercise regimen
given for only a short period each day, these localized bone
changes occur extremely rapidly.46 This localized change in
loading can induce a change in both bone and cartilage, the
osteochondral unit. Increased exercise in the adult horse
results in a thickening of the trabecula of the subchondral
bone, a thickening of the subchondral plate and a thickening of
both the calcified and hyaline layers of the overlying articular
cartilage.47 Experimental studies have also shown the sensitiv-
ity of cancellous bone to changes in mechanical loading 
and these data can be indirectly related to training methods in
the horse.48

These morphological changes result in a change to the
mechanical properties of the microstructure which can be
measured by indentation techniques49 and micromechanical
testing of single trabeculae.50 The adaptation within a bone
in relation to a very specific pathway of load transmission
through the bones of the skeleton is seen particularly well in
the carpal bones where significant differences are found
between the dorsal and palmar regions of these bones. Long-
term loading with associated stiffening of the bone in the
dorsal region may relate to the common occurrence of carti-
lage fibrillation and breakdown in this region.
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Photomicroradio-
graph to show
localized adaptive
hypertrophy of
trabecular and
subchondral bone to
imposed exercise (A)
compared to control
(B).



Microdamage

Horses that are given this type of training regimen, especially
if the training is imposed over a short period of time, show
the clinical signs of ‘bucked shins’. If the training is based
upon a structured increase in duration of short periods of
exercise that induces high bone strain, the bone will adapt
and the physiologic adaptation will condition the bone for
athletic exercise rather than a pathophysiologic response
leading to ‘bucked shins’. This response is also seen in racing
greyhounds and can lead to overt fractures.

Microcracks

Accumulation of microcracking within the bone matrix
results in a remodeling response in which the secondary bone
has inferior properties to primary bone. Crack formation is
seen as a fractal pattern of matrix damage (Fig. 7.21).
Microcracks have been demonstrated in several species of
athletic individuals such as the horse51,52 and the racing
greyhound.53 Cracks can be observed by bulk staining the
bone prior to histological sectioning in order to confirm that
the cracks are not processing artefacts. The cracks can be
seen as stained defects within the matrix (Fig. 7.21). When
the level of magnification is increased these defects in the
bone matrix can be seen to continue at an ultrastructural
level (Fig. 7.22). This damage to bone matrix through which
the delicate processes of the osteocytes pass can potentially
alter the interaction between cell and matrix and cell-to-cell
communication. Processes such as generation of streaming
potentials by movement of ionic fluid through the macro-,
micro- and nanoporosities of bone will be altered. These
changes may be the cause of the known response to micro-
damage such as apoptosis and osteonal remodeling.
Experimental studies using the non-invasively loaded rat

antebrachium have demonstrated that a rapid application of
osteogenic cyclical loading will lead to a change in structural
stiffness, indicating a plastic postyield deformation of the
bone. The bone will fracture if such loading is continued.
However, if bones treated in this way are examined histologi-
cally a short time after loading has stopped, an increased
porosity is seen as osteoclastic cutting cones target the intra-
cortical damage. A predominance of secondary osteons is
found on examination after a longer period of time.

Once primary bone has been remodeled the bone type has
been permanently changed. These changes, seen in the
experimental model used by Bentolila et al, are closely related
to those seen in studies on the induction of sore/bucked shins
using a high volume of high strain rate exercise.54 The effect
on subsequent adaptation and failure of highly remodeled
bones compared to those in which a gradual adaptation of
primary bone has been induced is not really known.
Epidemiological studies on race track fractures and relation
to training methods are few. One such study by Wood et al
(personal communication) has shown that certain types of
training regimens are associated with a higher odds risk of
fatal failure related to commencement of training at an
earlier age. Short bursts of high-speed training in the months
before racing reduces the fracture risk (Parkin personal com-
munication). This appears to agree with marker data
showing increased bone formation with short periods of fast
work.55 Also Boston & Nunamaker56 report the advantages of
short-distance breezing rather than long-distance gallops in
reducing ‘bucked shins’.

Osteocyte apoptosis

In addition to the overt fracture of the matrix at the ultra-
structural to gross level, there is an effect of this type of
loading-induced damage on the cellular component of the
bone tissue. Osteocytic apoptosis rates are modified and 
some effects are also seen on gene expression.57 Interestingly,
estrogen treatment also modulates osteocyte apoptosis.58

Recent observations by Ehrlich et al that mechanical cues to
bone cells are mediated through the estrogen receptor may
explain this commonly observed response.59

Remodeling

The consequence of exercise-mediated microdamage through a
rapid imposition of cyclical mechanical loading is seen either as
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Fig. 7.21
Photomicrograph of a
section of cortical
bone stained to show
a microcrack within
the matrix.

Fig. 7.22
Scanning electron
micrograph of a
microcrack in bone
matrix, showing the
fractal pattern of
damage.



overt fracture or, more often, as an increase in formation of sec-
ondary osteons to limit crack propagation and replace damaged
matrix. However, secondary bone has been shown to be inferior
in terms of material properties and may compromise mechani-
cal properties of the bone as a structure.

Thus the avoidance of undue secondary osteon formation
may prevent the reduction of the mechanical properties of the
overall bone structure. Controlled osteogenic exercise during
training would induce a more gradual adaptive response and
increase the bone mass with minimal damage of the matrix,
thus preserving the mechanical properties of the skeletal struc-
ture and reducing the risk of catastrophic failure. Training reg-
imens that appear to optimize bone adaptation without matrix
damage comprise short periods of high-intensity exercise.

In physiologic loading exercise at a high rate of deformation
was found to be a potent osteogenic stimulus.46,56 However,
strain distributions that differed from those experienced during
normal physiologic activities may elicit osteogenic responses at
subphysiologic strain magnitudes. It has been suggested that
these represent an ‘error’ signal which, if only imposed occa-
sionally, does not lead to modeling changes; however, a repeated
imposition of these unusual strain distributions can induce
structural changes in bone architecture. An example is seen in
the serving arms of professional tennis players where bone
mass can be approximately 30% higher than the non-serving
arm.60 Thus an abnormal gait, particularly if inducing high
strain rates, will induce an osteogenic response.

In the horse the level of bone deformation increases as a
function of locomotor speed. Thus, as the speed of the walk
increases so too does the level of bone deformation. This is also
seen in the trot, with an extended trot leading to abnormally
high rates of bone strain. In the horse, as speed increases there
is normally a change in gait which is controlled by energy
efficiency drives; the levels of oxygen increase with speed but
there is an optimal speed at each gait for oxygen utilization. At
speeds beyond the optimal, the utilization of oxygen becomes
less efficient and this leads to a gait transition and further
optimal levels of oxygen utilization for the new gait.61 In addi-
tion, at the gait transition the level of bone deformation is
reduced.62 This may represent a means of controling bone mass
and also reducing damage due to fatigue loading of bone.

Safety factors

As with most structures, the skeleton can withstand occasional
overloads. In designing a structure such as a bridge there is a
built-in safety factor to accommodate unforeseen overload. The
level of overdesign is related to a balance between risk of over-
load and cost of materials. The architecture of the skeleton has
been shown to follow very similar principles to those seen in
engineering of structures. An excess of material would mini-
mize risk of structural failure but carry a high cost in terms of
energy requirements. These factors may explain the findings
that bones toward the proximal region of the limbs have a
higher safety factor than those at the distal extremity. For
instance, the human femur is able to withstand loads of five
times normal bodyweight.

Site-specific fracture incidence

In the horse, an animal evolved for high-speed locomotion,
the energy costs of additional mass at the extremity of a long
limb, acting like a swinging pendulum, would be high.
Currey analyzed the incidence of fractures in race horses
reported by Vaughan and showed a higher incidence in the
more distal bone of the limb where safety factors would be
reduced to decrease energy costs.

Exercise studies in horses have shown a reduced level of
functional adaptation in the more distal bones together with
an increase in fracture toughness. This may represent a dif-
ferent mechanism to limit crack propagation and consequent
fracture.63

Gross fractures

As with any structure, a single overload can result in a monot-
onic failure. Since bone exhibits functional adaptation the mass
and architecture are adapted to meet the prevailing magnitude
and distribution of load. However, a single excessive load that is
greater than the given safety factor will result in failure. The
type of failure in terms of damage of the structure at a gross
and microscopic level will depend upon the energy and velocity
of crack propagation.

When the bones are subjected to load distributions differ-
ent from those to which the bone has adapted, failure can
occur at much lower levels. This type of failure may be seen
when limb movements are unco-ordinated such as during
recovery from anesthesia or at the end of periods of strenu-
ous activity when muscles are fatigued and limbs loaded
asymmetrically (Dow, personal communication).

The risk of fracture may also be increased if a new type of
exercise is introduced suddenly without an appropriate
period of training for both muscle and bone adaptation.

Training influences on bone adaptation

In general there has been a significant lag between scientific
advance and change in the training methods used in the
equine world in general and in the horse-racing industry in
particular. No doubt some of the biologic mechanisms control-
ling adaptation of bone to its functional environment could
and should be applied to the conditioning of equine athletes. It
is also probable that the empirical traditional methods of train-
ing do incorporate some scientific principles as a consequence
of many years of experience. However, given the highly com-
petitive nature of the equine industry, it is difficult to identify
training methods that relate to high and low incidences of
injury. Recently a number of epidemiological studies have been
performed to identify both the relationships between specific
types of training and incidence of bone fractures. The response
of the bony skeleton to different quantified training regimens
has also been monitored using the minimally invasive tech-
niques of blood markers for assessing bone formation and bone
resorption.
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Monitoring of skeletal responses to training

The ability to make an objective study on the monitoring of
adaptive changes in the skeleton to training requires two
components. First, the ability to define and quantify the train-
ing input and second, to measure the effect on the bones of
the skeleton directly or indirectly. Even in the laboratory these
are difficult to achieve; in field studies direct measurements
such as radiography, scintigraphy and DEXA/CT scanning
are not practical. Therefore, indirect assessments of bone
modeling and remodeling are being developed. Blood
markers have been used both in controlled studies and in
commercial training facilities. In studies using controlled
exercise regimens it is possible to relate these to changes in
marker levels and to evaluate factors such as seasonal, age
and gender-related effects.

Markers of bone adaptation

In a controlled exercise study over 1 year in 2-year-old
Thoroughbreds, the effects of the exercise on two biochemi-
cal markers of bone formation were determined. These
markers were the carboxy-terminal propeptide of type I colla-
gen and the bone-specific alkaline phosphatase. In addition,
one potential marker of bone resorption, the pyridinoline
cross-linked telopeptide domain of type I collagen, was also
monitored. In both the low and high intensity exercised
groups there was a significant reduction in marker levels over
the year. This is expected as a normal age-related change.
However, it was encouraging that the pattern of reduction
differed between groups in a way that indicated an increase in
bone turnover in the high intensity trained group.18 These
results are encouraging, as they indicate the potential to
develop a non-invasive method of monitoring the effects of
training on bone.

Direct monitoring of skeletal
adaptation

Radiographic techniques

Radiography can be used to visualize some direct responses of
the skeleton to increased or decreased mechanical demands.
Changes in the architecture and radiographic density of
bones can be used to monitor the competence of the skeleton.
Standardized positioning and the use of a calibration step
wedge allows standardization of exposure by optical digitiza-
tion, which may then allow a determination of relative bone
density in relation to responses to applied training or condi-
tioning regimens. Radiologic methods have been used to
assess functional adaptation to exercise in the equine skele-
ton and a radiographic index has been used to assess the
changes in shape of the third metacarpal bone in response to
training. Studies have been performed to define the limita-
tions and level of accuracy of this technique that indicated
acceptable accuracy providing alignment of the limb, cas-
sette and X-ray machine is accurate. These findings suggest
that the radiographic index can be used to measure MC3

bone shape using relatively simple and widely available
technology.64

Peripheral quantitative computed
tomography (pqCT)

Improvements to radiographic methods can be obtained by
the use of pqCT. A two-dimensional image showing bone
mineral density distributions may be generated and quantita-
tive information on cortical cross-sectional area and second
moment of area can be provided (see Fig. 7.9). Thus the
effects of training could be monitored in relation to specific
regimens. The disadvantage of this technique at present is
that, as in MRI, the machine is fragile and the horse has 
to be anesthetized. Also the aperture of the machine is
limited and thus only small peripheral limb segments can 
be assessed. For experimental studies and in young horses,
this technique can provide considerable useful data on 
the response of specific distal limb bones to imposed 
exercise.

Dual energy X-ray absorptiometry 
(DEXA)

This system can be used to determine bone mineral content of
the skeleton and regions of the skeleton. These scanners are
normally used in assessment of bone density in relation to
metabolic bone disease, particularly postmenopausal osteo-
porosis. The disadvantage in relation to monitoring of equine
skeletal responses to training is the need to anesthetize the
horse together with the limited area that can be scanned. In
humans it is possible to relate individual scan data to popula-
tion values and provide a fracture risk score. This may be an
interesting concept in relation to monitoring of the equine
skeleton but is not yet possible.

Nuclear scintigraphy

By attaching an isotope to a bone-seeking bisphosphonate,
areas of active bone modeling or remodeling can be labeled.
By imaging with a gamma camera these active sites can be
located in the living skeleton at specific points in time.
Although used predominantly for diagnostic purposes, this
technique could identify site-specific skeletal responses to
exercise or mechanical loading.

There is a need for an effective non-invasive method to
monitor both bone quality and skeletal integrity during
development and in both athletic training and competition.
Some handheld methods have been tried. Potentially the 
use of ultrasound in terms of measuring speed of sound
through bone and broad-band attenuation can give informa-
tion on both modulus and structural integrity. The systems
are available commercially for human use and also recently
for use in the horse. A combination of this type of monitoring
and associated adjustment of training schedules could
prevent the overt occurrence of conditions such as ‘bucked
shins’.
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Training strategies to
condition the skeleton 
of the equine athlete

Age-related changes in the skeleton

In a study on fatigue strength, Nunamaker et al measured
surface bone strains on the third metacarpal bone of young
and old North American Thoroughbred horses to determine
the mechanisms involved in fatigue failure of bone leading to
fracture.65 They found greater levels of strain (deformation)
at the gallop in the young horses with almost a 40% reduc-
tion in strain in the older horses. The significance of this is
that the fatigue failure point of a bone depends upon both the
magnitude of the deformation and the number of loading
cycles to the failure point. Thus if the strain magnitude is
reduced there can be a greater number of cycles of deforma-
tion prior to failure. In addition, since bone is a dynamic
tissue that responds to mechanical deformation, the bone
architecture as a structure can be modeled to reduce the bone
strain at high loads.

These authors suggest that changes in shape of the third
metacarpal bone during growth and maturity may represent
a mechanism to reduce strain and mitigate fatigue failure.
The high incidence of fatigue failure as seen in ‘bucked shins’
in young horses subjected to exercise that induces high
strains over short periods of time would support this hypoth-
esis. Interestingly, Nunamaker et al also investigated breed
differences in the incidence of ‘bucked shins’, hypothesizing
that there might be a breed difference in the material proper-
ties of the bone matrix leading to a difference in the fatigue
failure patterns.66 They determined fatigue properties in the
bone material of the third metacarpal bone in Thoroughbred
and Standardbred horses. No significant differences were
found in the mechanical properties of the bone. This may
suggest that other factors such as the training methods and
type of loading affect the incidence between these two breeds.
Perhaps this is indicative that imposed mechanical events,
even within a breed of horse, can influence the incidence of
such conditions. An understanding of the pathobiology and
material properties of bone could be used to determine the
appropriate age and exercise regimen to minimize such
injuries.

Exercise during development

Most of the training and conditioning of equine athletes
occurs after skeletal maturity. In some cases, such as training
of race horses, the period of training is relatively short and
the ongoing training is also limited to short periods. The
training methods are largely empirical based on a traditional
approach rather than advances in the science underlying
training.

Recently a number of studies have been investigating the
concept of introducing conditioning for athletic performance

during the period of postnatal growth and development. This
approach imposed the distribution of mechanical loads asso-
ciated with the athletic activity at a time when modeling
processes are active in forming the functionally related
aspects of skeletal structure. Thus optimization of primary
bone development can be attained in relation to the loading
patterns that will be experienced during athletic activity.
There is some evidence that bone strain can be reduced with
gait transition, decreasing by 42% at the trot/canter transi-
tion.62 Thus in activities where gait changes are suppressed
as a component of the particular athletic activity, for example
in dressage and in racing trotters and pacers, the high strains
at high speeds may predispose to microdamage when intro-
duced in the adult. Whereas if these patterns of gait are intro-
duced gradually during the growth and modeling phase 
of skeletal development, then appropriate skeletal archi-
tecture can be attained with lower risk of damage. This,
combined with the incremental increases in training load
during development, will also increase skeletal mass and may
reduce the strain magnitudes that would occur if training is
introduced after skeletal development, and thus minimize
injuries.

Changes in foot balance in foals have also been shown to
induce strain changes of up to 40% reduction in medial
metacarpal compressive strains and 100% increase in lateral
compressive strains. However, these were found to return to
normal distributions after a period of time.67 As discussed
previously, bone adapts to increased strain and changed
strain distribution, so a return to normal strain at a local site
may reflect an adaptation resulting from changes in mass and
distribution of bone. In this study changes in bone mass or
architecture as a consequence of the changed loading were
not reported. This adaptation to abnormal loading during
growth may result in an abnormal architecture of the bone
with possible implications for other skeletal components such
as joints in later life. Therefore, attention to exercise type,
intensity and foot balance during growth and development
should optimize the skeleton for athletic activity in the 
adult. The concept may also apply to other skeletal tissues 
in which the process of growth can be modified by early
conditioning.

Human athletes are frequently identified as children and
both train and compete during growth and maturation. In
addition, human athletes tend to undertake high volumes of
training. The equine athlete, particularly the race horse, is
given relatively low volumes of training and spends consider-
able time in the stable.

Conclusion

Horses as equine athletes must be conditioned and trained to
optimize the whole animal for the particular type of athletic
activity. An extremely high proportion of all injuries in the
equine athlete in general and in the race horse in particular are
associated with the musculoskeletal system. Within muscu-
loskeletal injuries, fractures and bone-related pathology
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account for a great proportion. Bone both as a tissue and struc-
ture is acutely responsive to mechanical loading and thus can
be conditioned to withstand the applied loads. In order to max-
imize performance and minimize injury it is important to
appreciate the pathobiology of functional adaptation of bone.
This together with appropriate monitoring can enable owners,
trainers and veterinarians to apply the science underlying
functional adaptation to the training of specific equine ath-
letes, thus improving equine welfare.
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metacarpophalangeal joint during weight bearing (Fig. 8.1),
releasing energy when the limb is protracted (Fig. 8.2).
Hence, at fast gaits, the horse effectively bounces up and
down on springs, similar to a child’s pogo stick. As further
modifications to this role, the digital flexor tendons have
accessory ‘ligaments’, which attach the tendon directly to
bone to provide a direct bone-to-bone tendinous connection
when under full weight bearing.

It would be expected, and indeed found, that these tendons
would have mechanical characteristics for this function as a
spring, while tendons with a more ‘traditional’ positional role
(e.g. human digital flexor tendons and the common digital
extensor tendon (CDET) of the horse) would require stiffer
characteristics. Up to a two-fold difference in structural stiff-
ness has been found between equine digital flexor and exten-
sor tendons.1

Periarticular ligaments, while having similar composition
to tendons, are anatomically more complex, with multiple
bundles of fascicles that frequently spiral and are taut and
relaxed at different joint positions, depending on the fascicle
bundle. In addition to their role in providing support for the
joint, they also provide proprioceptive information. The

Introduction

Role and definition of tendons 
and ligaments

The distinction between tendons and ligaments has been
largely an anatomic one – tendons join muscle to bone
whereas ligaments join bone to bone. Although this division
is generally true, topographic, biomechanic, ultrastructural
and matrix compositional investigations have revealed a
merging of these two structures in a continuum from ‘pure’
tendon to ‘pure’ ligament.

In connecting muscle to bone, tendons have been consid-
ered rather inert structures that are involved in the move-
ment of joints. However, while this ‘positional’ function is still
an important one, certain tendons in cursorial animals have
developed another role in acting as springs to store energy for
efficient locomotion. This is particularly true in the horse,
where the tendinous structures on the palmar aspect of the
metacarpal region – the superficial digital flexor tendon
(SDFT) and the musculus interosseous medius tendon (sus-
pensory ligament; SL), in particular, and the deep digital
flexor tendon (DDFT) – act to support the hyperextended

Tendon and ligament physiology
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Fig. 8.1
Galloping horse, showing the hyperextended
metacarpophalangeal joint under weight bearing.



fibrous joint capsule is usually closely associated with these
periarticular ligaments and functions in a similar way.
Consequently, fibrous joint capsule is also an ‘honorary’
ligament.

Incidence of injury

Strain-induced injury of the tendons and ligaments is the
most common orthopedic injury in athletic animals, be they
equine or human. Recent epidemiologic surveys of race horse
injuries sustained at UK race tracks between 1996 and 1998
showed that of all limb injuries (82% of all incidents), almost
one-half (46%) were due to flexor tendon and/or SL injuries.2

As observed clinically, this study confirmed that these injuries
were much more common in older horses racing over jumps
(steeplechasers or hurdlers) than in younger race horses
racing on the flat. Furthermore, the data from these flat races
correlated well with previous data published from studies in
the USA (0.760 per 1000 starts in 1992).3 However, this epi-
demiologic data, being obtained from only those injuries
occurring during racing, represents only the tip of the
iceberg. More recent studies investigating the incidence of
superficial digital flexor tendinitis in horses during training
showed that almost one-half (43%) of horses had evidence of
tendon pathology, and that this incidence increased with
age.4 These data correlate well with similar ultrasonographic
studies evaluating Achilles tendon damage in professional
human athletes.5 Other data recorded for training and racing
injuries in flat race horses in Japan showed not only a 
rising incidence from 6.39% for 2-year-olds to 17.43% in 
5-year-olds, but also, more worryingly, a rising overall

incidence from 1990 to 2000 (Oikawa & Kasashima, per-
sonal communication). The reason for this is unclear but,
interestingly, the incidence of Achilles tendinopathy in man
has doubled in incidence in Europe in the last 10 years,
believed to be associated with greater levels of exercise and
increased longevity.6–8

The incidence in non-race-horses and for other strain-
induced injuries of other tendons and ligaments have not
been reported, although all horses involved in athleticism
appear to be highly susceptible to tendon and ligament
injuries. An interesting exception is ponies, which rarely
suffer from superficial digital flexor tendinopathy, although
they do have a relatively high incidence of desmitis of the
accessory ligament of the DDFT.

Pathogenesis of tendon injury

Tendons and ligaments can be injured in one of two ways –
overstrain or percutaneous penetration/laceration. The latter
will not be considered further in this chapter. Overstrain
injuries are believed to occur by one of two mechanisms.
They can result from a sudden overloading of the structure,
which overwhelms its resistive strength. This type of injury is
probably the mechanism for most ligament and some DDFT
injuries in the horse. However, for the most common strain-
induced injuries in the horse, involving the palmar soft tissue
structures of the metacarpal region, the clinical injury is
believed to be preceded by a phase of degeneration. The
evidence for this preceding degeneration is based on four
observations:

1. The identification of ‘asymptomatic’ lesions, both grossly
and microscopically, in post-mortem studies of normal
horses.9,10 Care, however, should be made in distinguish-
ing gross central discolorations in otherwise normal
tendons, which are more likely to represent early clinical
injury than the preceding degeneration as compositional
analyses reveal some opposite changes to that seen
induced by exercise (see below) and many of these lesions
can be identified ultrasonographically (Fig. 8.3).

2. Many, if not all, clinical strain-induced tendinopathies are
bilateral with one limb more severely affected than the
other. Careful ultrasonographic examination will reveal
changes in the contralateral limb in many cases. In those
seemingly unilateral cases, blood-flow studies have
demonstrated increases in the ‘normal’ contralateral
tendon, which would suggest that it is not totally
unaffected.11

3. Epidemiologic studies have demonstrated close associa-
tions between age and exercise, and tendon injury.2,4

4. Following on from these epidemiologic observations,
experimental investigations have demonstrated evidence
of degeneration associated with a synergistic action of
both age and exercise (see below).12,13

Thus, degeneration is usually the first phase of tendinopathy.
This can be likened to ‘molecular inflammation’,14 which
does not provoke a repair process, as after clinical injury, but
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Fig. 8.2
Topographical anatomy of the distal limb of the horse
(adapted from Adam’s Lameness in horses, 3rd edn, reproduced
with permission).



rather progressively weakens the tendon. Any change in the
structural properties of the tendon does not have to be great
as the tendon is already operating close to its tolerance limit.
Clinical injury occurs when the highest stresses encountered
by the tendon overwhelm its structural integrity, resulting in
irreversible damage. Once this occurs, the damage created
induces a repair process characterized by inflammation fol-
lowed by fibroplasia (scar tissue formation).

This process allows the incorporation of risk factors that
have been identified for tendinitis. These risk factors act to
increase the peak loads on the SDFT, thereby increasing the risk
of structural disruption. One of the most important factors is
the speed of the horse. The faster the horse is going, the greater
the risk of tendinitis.2 Thus, hard going is associated with ten-
dinitis as it increases the speed of the horse and also increases
the peak impact loading.2 Slower surfaces (including soft
going) tend to be protective. Other factors, such as the weight
the horse is carrying, fatigue, and the shoeing, can all influence
peak tendon loads in this way. Low heels was thought to be pro-
tective of tendinitis as this conformation tends to increase the
load in the DDFT, a secondary supporter of the metacarpopha-
langeal joint, thereby reducing the support necessary from the

SDFT and SL. However, as the highest loading in the DDFT is
towards the end of the weight-bearing phase, this may not
have an influence on the initial high level loading of the SDFT
at the onset of weight bearing.

Once the peak load on the tendon overcomes its structural
strength, there is physical disruption to the tendon matrix.
This varies in degree from fibrillar slippage, with breakage of
cross-linking elements, to fibrillar rupture and, in some cases,
complete separation of tendon tissue. This damage initiates a
reparative sequence of events not dissimilar to that in other
soft tissues, such as skin, which is characterized by phases of
inflammation, followed by fibroplasia (see Tendon injury and
repair, p. 143), which results in the replacement of normal
tendon tissue with scar. With the formation of abundant scar
tissue, the healed tendon becomes strong but it is functionally
inferior to normal tendon. As a structure, healed tendon is
stiffer than normal tendon, which compromises the tendon
function and predisposes to reinjury, often at sites adjacent to
the original injury.15

Structure of tendon

Biology of the muscle/tendon/bone unit

The musculature in the limb of the horse is proximally posi-
tioned to minimize the weight of the distal limb. This enables
the horse to achieve efficient high speed locomotion through
increased stride length and reduced energetics of limb pro-
traction. This means that the tendons associated with these
muscles have to be long to traverse the joints on which they
act and, consequently, the digital flexor tendons, for example,
are some 45 cm in length.

The horse’s distal limb has reduced the number of pha-
langes to a single digit (with vestigial digits, the splint bones,
either side of the third metacarpus) which has simplified the
tendon and ligament anatomy (see Fig. 8.2). The distal fore and
hindlimb therefore has an arrangement of three palmarly posi-
tioned structures – SDFT and DDFT with their associated acces-
sory ligaments, and the SL – which serve to support the
hyperextended metacarpo/metatarsophalangeal joint, and 
two or three dorsally positioned digital extensor tendons,
which function only to extend the distal limb during protrac-
tion. Hence the loads experienced by these tendon groups are
very different – the extensor tendons experience only low loads
while the palmar tissues are subjected to high loads of weight
bearing (7–10 kN on the SDFT).16

The horse has further adapted the basic muscle–
tendon–bone unit in order to withstand the high weight-
bearing loads and for its palmar soft tissue structures to act as
an elastic unit for energy storage and efficient locomotion.
Thus, the superficial digital flexor muscle has a much larger
amount of connective tissue within it and has an accessory
ligament (accessory ligament of the SDFT; proximal, or supe-
rior, check ligament) that ‘bypasses’ the muscle belly to insert
on the distal radius. These two adaptations allow the musculo-
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Fig. 8.3
(A) Central discolored region of ‘asymptomatic’ superficial
digital flexor tendon (SDFT) – these ‘lesions’ are probably
more representative of subtle clinical injury than the
degenerative stage of tendinitis because they can be visualized
ultrasonographically in a water bath as core lesions
characteristic of clinical injury (B).



tendinous unit to withstand greater loads than would be pos-
sible by the muscle itself. The SL has taken this adaptation
even further. It was originally derived from a muscle and still
contains a variable amount of muscle within its mid and
proximal regions. It could therefore be classified as a struc-
ture in which the tendon component has replaced the mus-
cular tissue. However, its cellular morphology more closely
resembles a ligament and, in the absence of a significant
muscle belly, is usually classified as a ligament.

The muscle belly of the SDFT is not redundant, however,
although its proposed role is different from the classical function
of flexing the limb. Recent data have suggested that this muscle
serves to fix the origin of the tendon. In vitro maximal contrac-
tion of the muscle has demonstrated a maximum of only 2 mm
of muscle shortening.17 It is hypothesized that the muscle acts
to dampen the high-frequency damaging peak loads when the
foot is placed on the ground at high speeds. Thus, loading of the
SDFT can be considered an essentially passive process where
energy is stored by the elastic properties of the tendon and
returned when the limb flexes.

As a further adaptation to the long tendon length and the
hyperextended metacarpo-/metatarso/phalangeal joint, the
digital flexor tendons are contained within synovial sheaths
in regions where they pass over high motion joints (the carpal
sheath proximally and the digital sheath distally). While
these structures protect the tendons from shear damage, they
limit the ability of the tendons to heal, both because they are
bathed in a synovial environment but also because the thick
surrounding layer (paratenon) of extrasynovial tendon is
absent within the confines of a tendon sheath. The paratenon
is believed to be important in supplying fibroblasts capable of
repairing tendon after injury.

Tendon receives its nutrients from three potential sources –
intratendinous blood supply emanating from the musculotendi-
nous junction and its osseous insertion, from blood vessels
entering the tendon via mesotenon attachments within tendon
sheaths or the paratenon, and from the synovial fluid within the
tendon sheath. The relevant importance of these components
depends on the tendon and tendon site. For the metacarpal
region of the SDFT, studies have suggested that the intratendi-
nous supply is the most important,18 as necrosis was only
achieved by ligation of the blood vessels within the tendon
whereas stripping the paratenon had no effect.

The blood flow in the SDFT has been recorded between 1
and 2 mL/min/100 g,10,11,19 which is of similar magnitude
to that within resting skeletal muscle. Blood flow has been
shown to increase two-fold with exercise,11 although this can
be delayed in horses that have not been trained. Injury
caused an even greater increase in blood flow (> 300%),
which has been recorded in both limbs of a horse with clini-
cally unilateral tendinitis, further confirming the bilateral
nature of the disease.

Tendon as a connective tissue

Although seemingly homogeneous on initial gross inspec-
tion, tendon is, in fact, composed of a complex arrangement

of extracellular proteins in which are embedded cells, blood
vessels, lymphatics, and nerves.

Tendon cells

Little is known about the cells that populate equine tendon.
Although they are collectively known as tenocytes, they are
unlikely to be a uniform population of cells because they
differ considerably in nuclear morphology on light micro-
scopy and when grown in culture. Previous descriptions have
described three types10 although a fourth type is evident
within the endotenon tissue (Fig. 8.4; Table 8.1), and in other
species, the synovial cells lining the outside of the tendon are
differentiated from those within the tendon.20

The function of these cell types is not known but their
location, morphology and presence in young or adult ten-
don propose functions which are reflected in the type
classification (Table 8.1). The actual synthetic activity of
these different types is unknown because there are currently
no markers for identifying each type, nor methods for selec-
tively recovering them from tendon tissue. Tenocytes have
been often likened to fibroblasts and, while they have many
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Fig. 8.4
H&E histologic sections showing the different morphologies of
tenocyte nuclei in young (A) and mature (B) equine tendon.
Note the large numbers of cell nuclei within the endotendon
in the mature tendon.



similarities, it is unlikely that all these tenocyte types are
identical to the fibroblasts seen in the skin or scar tissue.
Recent studies have shown that fibroblasts recovered from
different tissues behave differently in terms of the amount 
of certain proteins they synthesize (Smith & Heingard,
unpublished data).

Work performed on laboratory animal21 and equine
(Ralphs, personal communication) tendons has shown that
tenocytes have a large number of cytoplasmic extensions,
which connect to neighboring cells via gap junctions. This
provides a synctium that could provide an efficient system for
mechanotransduction, similar to that occurring between
osteocytes in bone.

Tendon matrix

As the cellular component of tendon is small, the functional
properties of tendon rely on the extracellular matrix. This is
determined, in turn, by both the composition and, equally
importantly, the arrangement of these proteins within the
matrix. It is constructed from a series of increasingly sized
subunits into a hierarchic arrangement (Fig. 8.5).

Morphology

Crimp

‘Crimp’ refers to the characteristic waveform seen in longi-
tudinal tendon histologic sections (Fig. 8.6). Originally sus-
pected to be a preparation artifact, it is now known to be a
real feature of tendon fascicles that is responsible for the
‘toe’ region of the stress–strain curve for tendon where
tendon elongates with only a low level of applied stress 
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Cell Type Nuclear Location
classification morphology

I ‘Resting’ Spindle-shaped Within the 
nuclei lying tensional 
between region of all
collagen fibers adult tendons

II ‘Active’ Cigar-shaped Within young 
nuclei lying tendon and 
between both
collagen fibers young and 

adult 
ligaments 

III ‘Chondrocytic’ Round nuclei In compressed 
regions of 
tendons
and areas of 
chondroid 
metaplasia

IV ‘Precursor’ Round nuclei Endotendon
with prominent 
nucleoli

Table 8.1 Types of cells within tendon and ligament based on
nuclear morphology and location.

      Fascicle    Fibril    Subfibril  Microfibril Tropocollagen

Waveform or crimp          640 Å  periodicity

100–500μ 50–300μ 0.05–0.5μ 100–200Å 35Å 15Å

Fig. 8.5
Hierarchic arrangement of collagen in tendon (courtesy of the
Veterinary Clinics of North America: Equine Practice,
reproduced with permission).

Fig. 8.6
‘Crimp’ pattern seen in the fascicles of the accessory ligament
of the deep digital flexor tendon.



(Fig. 8.7). It is thus eliminated within the first 2% of tendon
elongation and hence is unlikely to be present when the
tendon receives normal weight-bearing load when stand-
ing. However, the ‘toe’ region has important implications
for the overall strain capabilities of the tendon. Crimp can
be described by its angle and length and these change as the
animal ages (see p. 140).

Ultrastructural morphology

Collagen fibrils, the basic ‘building block’ of tendon, appear
as banded filament on transmission electron microscopy of
longitudinal sections of tendon. Transverse sections show the
collagen fibrils as electron dense circular structures of
varying sizes. The distribution of collagen fibril diameters can
be determined from these sections, as well as assessment of
the mass average diameter, which takes into account the 
relative proportion of the area taken up by different-sized
fibrils.

Investigations on the development of tendon in laboratory
animals have shown that collagen fibrils aggregate, resulting
in thicker collagen fibrils. Recent work has proposed a regu-
latory mechanism for this process where only unipolar (N–C
terminals) collagen fibrils can fuse resulting in a bipolar fiber
(C–C terminals).22,23 Thus, as the tissue matures, the propor-
tion of unipolar fibrils becomes depleted, limiting the final
size of the collagen fibril.

Whereas this process might also occur in the early devel-
opment of equine tendon, the picture is much more compli-
cated after birth. The adult SDFT has a bimodal distribution of
fibrils with large numbers of small fibrils and lower numbers
of large-diameter fibrils24 (Fig. 8.8). Furthermore, there are
differences between tendons, with the DDFT having fewer
small-diameter and greater numbers of large-diameter
fibrils.25

Molecular composition

Tendon is predominantly composed of water, which makes-
up approximately two-thirds of the weight of the tissue. 
The presence of this water is fundamental to maintaining 
the elasticity of the tissue because dehydration results in 
an increase in stiffness and tendons containing less water
tend to be stiffer (Birch, personal communication). Although
unsubstantiated at present, movement of water through
compartments within the tendon might result in ‘streaming
potentials’, which could provide a mechanism for mechano-
transduction, whereby mechanical forces on the tendon
influence the metabolic activity of the tenocytes.

The remaining third of the content of tendon (the dry
weight) is predominantly composed of type I collagen. This
protein is a major component of all connective tissues. Each
type I collagen molecule is constructed within the endoplasmic
reticulum of the cell from two �1 (I) chains and one �2 (I)
chain, which forms a triple helix with non-helical N and C ter-
minal extensions (propeptides) and is known as a procollagen
molecule. These individual collagen molecules are assembled by
cleavage of their propeptides at the N and C terminal ends by
specific N- and C- proteinases, either after secretion into the
immediate pericellular environment or intracellularly (Kadlar,
personal communication). This results in a tropocollagen mole-
cule that is 285 nm long and 1.4 nm wide. These molecules are
then assembled into collagen fibrils in a highly organized
fashion, each collagen molecule overlapping its neighbor by a
quarter length (the ‘quarter stagger’ arrangement that is
responsible for giving the banded pattern seen in electron
microscopy), so that five collagen molecules make up a subunit
of the collagen fibril. Although collagen molecules will sponta-
neously self-assemble, other proteins are likely to play a role in
orchestrating this assembly (see below).

The fibrils are stabilized by the formation of covalent cross-
links between lysine/hydroxylysine residues in adjacent fibrils,
catalyzed by the enzyme lysyl oxidase. The collagen fibrils are in
turn assembled in a longitudinally oriented pattern into
increasingly larger subunits, which ultimately form the collagen
fibers seen under light microscopy. These collagen fibers are
further associated into tendon fascicles, which can be identified
on the cut surface of a tendon (Fig. 8.9).

Non-collagenous components

While 80% of the dry weight of tendon is composed of col-
lagen, the remaining 20% (5–6% of the wet weight of the
tendon) is comprised of a wide variety of non-collagenous
proteins. Although these are only a small component of the
tissue, recent work has suggested they are vital for the organ-
ization and function of the tissue.26

During growth of the digital flexor tendons, one of the
most abundant proteins is cartilage oligomeric matrix protein
(COMP). This protein consists of five ‘arms’, joined at their N
termini and with globular C termini (Fig. 8.10). There are
only low levels of this protein in tendon at birth but it accu-
mulates during growth within the digital flexor tendons with
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Fig. 8.7
Stress–strain curve for tendon. Zone 1 refers to the toe
region, thought to be associated with the elimination of
crimp; zone 2 to the linear phase from which the elastic
modulus is calculated; zone 3 to the yield point after which
irreversible damage occurs; and zone 4 to where individual
tendon fibers rupture leading to complete failure (courtesy of
the Veterinary Clinics of North America: Equine Practice,
reproduced with permission).



the highest levels achieved in the tensional region of the
SDFT at skeletal maturity in the horse (at approximately 2
years of age) of approximately 10 mg/g wet weight.27 This
equates to approximately 30 mg/g dry weight or approxi-
mately 1% of the wet weight. After the period of growth,
however, levels of COMP in the tensional, but not the com-
pressed, region of the SDFT fall (see p. 145).

The function of COMP has not been completely deter-
mined but it is known to bind fibrillar collagens (including
type I) via a zinc-dependent mechanism.28 This interaction
with collagen occurs via the globular C terminal domains at
four equally spaced sites along the collagen molecule.29 The
size of the arms is such that it cannot interact with more than
one site on one collagen molecule but instead can order five
collagen molecules for assembly into a collagen fibril during
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Fig. 8.9
The cut surface of the superficial digital flexor tendon (SDFT),
showing the fascicular arrangement.

Fig. 8.8
Collagen fibril morphology in (A) the superficial digital flexor tendon, (B) the deep digital flexor tendon, (C) the suspensory ligament,
and (D) the common digital extensor tendon. Note the similarities of the primary supporters of the metacarpophalangeal joint
(superficial digital flexor tendon), and the positional tendon (common digital extensor tendon) with the deep digital flexor tendon.



the earliest stages of collagen fibril formation. As it does not
bind to formed collagen fibrils, COMP is displaced from the
fibril. This makes its role as a structural protein within the
formed tendon matrix a difficult one to rationalize. However,
recent studies have shown that COMP can accelerate colla-
gen fibrillogenesis in vitro and it is possible that this protein
acts more as an ‘organizational’ molecule rather than in a
structural role (Heinegård, personal communication). This
would be supported by observations that the highest levels
are present during the growth of the tendon when matrix is
being synthesized and that levels fall after skeletal maturity
when there is little change in the structural properties of the
tendon. While possibly not important for the structural
integrity of the matrix once it has formed, it is potentially
critically important in the formation of soft tissue collage-
nous matrices that are designed to withstand loads, as it is
present only in tendon, ligament, cartilage, intervertebral
disk, and meniscus. Indeed, initial data relating mechanical
properties of SDFT at skeletal maturity to COMP levels
demonstrate a significant positive relationship.26 Thus, the
hypothesis is advanced that the more COMP synthesized
during growth, the stronger the resulting tendon. In further
support of this function, a functional ‘knock-out’ of the
protein caused by a naturally occurring mutation in the
COMP gene shows a tendon phenotype.30

Proteoglycans

Proteoglycans consist of a central protein core with O-linked
glycosaminoglycan side-chains. They can be divided into two
classes – the large proteoglycans (such as aggrecan, the large
proteoglycan of cartilage, and the soft tissue equivalent, ver-
sican) and the small proteoglycans (such as decorin, biglycan,

fibromodulin, lumican, and mimican) all of which are
present in equine tendon. The large proteoglycans have
numerous highly sulfated glycosaminoglycan side-chains,
which hold water and therefore are present where the tendon
has to resist compression. The small proteoglycans are closely
associated with the collagen fibrils and are believed to regu-
late collagen fibril diameters. ‘Knock-out’ of the decorin gene
in mice resulted in large, irregular-sized collagen fibrils
believed to be caused by unregulated lateral fusion and this
was associated with weak and fragile skin.31 Fibromodulin
knock-out mice showed paradoxically smaller collagen fibrils
but also a compensatory increase in another small proteo-
glycan, lumican, which binds to the collagen molecule at the
same site to fibromodulin,32 demonstrating that many of
these small proteoglycans can ‘cross-function’. However,
tensile testing of the mice’s tail tendons showed a significant
reduction in tensile strength in the adult fibromodulin null
mice,33 consistent with the hypothesis that although another
small proteoglycan can do the same job, it does so less well.

Other proteins

There is a wide variety of other proteins in tendon whose
functions are only partially elucidated. There is a variety of
minor collagens, including type III, predominantly surround-
ing the fascicles within the endotendon tissue, and type VI,
especially in the digital flexor tendons, which also appears to
be regulated by mechanical load. Thrombospondin 4,
tenescin-C, fibronectin, hyaluronic acid, and small amounts
of elastin are also present but their contribution to the func-
tion of equine tendon is unclear.

Tendon-specific differences
in structure and
composition

Considerable debate still surrounds the simple question as to
whether all tendons are constructed from the same material
and/or have the same basic material properties. Our data
would suggest that neither the composition nor the material
properties are the same for all tendons, with differences
reflecting the functional requirements. Thus, along the length
of the digital flexor tendons in all animals weight bearing on a
hyperextended metacarpophalangeal joint, where compressive
forces are applied to the tendons as they change direction
around the palmar aspect of the metacarpophalangeal joint,
there is an accumulation of those matrix proteins most suited
to resisting that compression. Thus, the tendon has a fibrocar-
tilage-like composition in this region.34,35

Between tendons, there are differences in hydration, col-
lagen content and some of the non-collagenous proteins. Thus,
when comparing the digital flexor tendons, which are weight-
bearing tendons, with the digital extensor tendons, which are
positional tendons, the flexor tendons have higher hydration
and lower collagen content, which is reflected in differences in
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Fig. 8.10
A cartilage oligomeric matrix protein (COMP) molecule
(courtesy of Dr K Rosenberg and Comparative Biochemistry
and Physiology, reproduced with permission).



stiffness. Probably the most dramatic difference is seen in the
COMP content during growth.36 Both tendons have similarly
low levels at birth but there is a dramatic rise in COMP levels in
the superficial digital flexor tendon to 10 times levels at birth,
while levels in the common digital extensor tendon do not alter.
This probably reflects the different functional requirements
between these weight-bearing and positional tendons.
Interestingly, similar differences in COMP levels and other
minor matrix components, such as type VI collagen, are
observed between weight-bearing (e.g. Achilles tendon) and
positional (e.g. anterior tibial tendon) tendons in man (Smith &
Heinegård, personal communication).

Functional characteristics 
of tendon

Tendon and ligaments transmit forces to move the equine
skeleton, or for support of the distal limb in the case of the
digital flexor tendons, or, as ligaments, to maintain joint
integrity. At heel strike, the loads rise the quickest in the soft
tissue structures primarily supporting the metacarpopha-
langeal joint – the SDFT and the SL. High-frequency tran-
sients are also a feature of the early phase of weight bearing
in these tendons. The load in the deep digital flexor tendon is
slower to rise, which may help to explain why the SDFT and
SL are the most prone to injury.

Load/deformation characteristics

The biomechanical properties of a tendon can be defined in
vitro by its structural (as an organ) or material (as a tissue)
properties. To establish these data, tendons can be recovered
from cadavers and pulled to failure in a material testing
machine. Anchoring of the tendon ends is problematical as
final rupture often occurs at the tendon–clamp interface,
which can result in artificially low values. Furthermore, data
varies depending on a number of factors including rate of
loading. Thus, comparisons between data sets performed in
different ways should be made with caution.

In vitro loading experiments generate a load–deformation
curve from which the structural properties of ultimate tensile
strength (kN) and stiffness (N/mm) can be derived (see 
Fig. 8.7). There are four regions to the curve:

1. The ‘toe’ region, where there is non-linear stretch to the
tendon. This is associated with the elimination of the
crimp pattern of the collagen fibrils.

2. Linear deformation – it is this area of the curve from which
the stiffness is determined (load divided by deformation for
the linear portion of the curve). The mechanism for this
elongation is not known but arises from elongation of the
collagen fibrils and/or sliding of fibrils relative to one
another. Recent work has suggested that interfibrillar (and
even interfascicular) deformation is much greater than
intrafibrillar/intrafascicular deformation, suggesting that

tenocytes survive in a ‘strain-protected’ environment
where they experience considerably lower deformation
than that recorded for the whole structure.37

3. Yield region – irreversible lengthening of the tendon
occurs at these deformations, possibly arising from cova-
lent cross-link rupture and slippage of collagen fibrils.

4. Rupture, where the stress–strain curve falls quickly to zero
as the collagen fibrils sequentially rupture.

Knowing the cross-sectional area of the tendon and its
length, the stress (force per unit area) can be plotted against
strain (change in length over original length), from which the
material properties of ultimate tensile stress (N/mm2) and
Young’s modulus of elasticity (E; MPa) can be calculated. As
both the cross-sectional area and original length are assumed
to be constant, the stress–strain curve has a similar shape to
the load–deformation.

Ultimate tensile strength and stress

The ultimate tensile strength for the equine SDFT (rupturing at
the midmetacarpal region) in the horse is approximately 12 kN
or 1.2 tonnes. The approximate ultimate tensile stress is
100 MPa for the equine SDFT, which agrees well with previ-
ously documented figures for other species (45–125 MPa).38,39

Ultimate tensile strain

Equine flexor tendons can extend 10–12% of their length,
and values of up to 20% have been reported10 before the
tendon ruptures. However, the ultimate tensile strain reflects
only the final strain before rupture and includes that yield
portion of the stress–strain curve that represents irreversible
damage to the tendon tissue. In addition, the ultimate tensile
strain may not be constant along the length of the SDFT in
vitro.40 Recent work has demonstrated that the normal
strains in the digital flexor tendons in vivo (in ponies) are in
the region of 2–4% at the walk and 4–6% at the trot.41

Riemersma and colleagues41 also noted that different results
were obtained in vivo to in vitro, thereby indicating caution
in the interpretation of in vitro measurements. Other studies
have shown that, in the galloping Thoroughbred, strain
changes between heel-strike and maximum weight bearing
can reach 16% in the SDFT.42 Such strains – far greater than
usually expected in tendons from most other species – may
reflect the importance of the digital flexor tendon as an elastic
energy store where maximum deformation stores the most
energy.

Cyclical loading and preconditioning
effects

The biomechanical parameters mentioned above can only act
as guides to the mechanical properties of tendons as tendon
is a viscoelastic tissue.39 Its time-dependent and history-
dependent properties indicate a more complex structure than
a simple elastic substance.
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Hysteresis

The property known as hysteresis is demonstrated by the dif-
ference in the stress–strain relationship when the tendon is
loaded compared to when it is unloaded (Fig. 8.11). The area
between these two curves represents the energy lost during
the loading cycle. This is usually about 5% in equine tendons.
Much of this energy is lost as heat and is responsible for the
rise in temperature within the tendon core associated with
repeated loading (as in an exercising horse).43 These tem-
peratures can rise to as high as 46°C, which is potentially
damaging to either tendon matrix or tenocytes. However,
tenocytes recovered from the center of equine SDFT remain
viable when subjected to rises in temperature of this magni-
tude, whereas those recovered from the periphery of the
tendon do not.44 This property is also present in fetal teno-
cytes, which suggests that the tendon has an inherent genetic
adaptation to this physical process.

Conditioning

The viscoelastic properties of tendon are demonstrated by
movement of the stress–strain curve to the left or right 
(Fig. 8.11). Loading rate has only a minimal effect on tendon
biomechanics; a rapid loading rate will move the curve
slightly to the left, indicating a stiffer tendon.45 Repeated
loading, in contrast, results in shifting of the curve to the
right (i.e. the tendon becomes less stiff), a process known as
conditioning. This change is recoverable but significant
resting time is necessary.45 This property, however, has been
demonstrated in vitro and may not reflect the normal behav-
ior in vivo.

Contribution of tendon mechanics to
the energetics of locomotion

With tendon loading under weight bearing being essentially a
passive process, energy is stored in the extension of the tendon.
As the energy stored in the tendon is represented by the area
under the stress–strain curve, for this system to operate with
maximum efficiency, the tendon must stretch as much as possi-
ble. As this tendon will rupture with in vitro testing at between
12 and 20%, the SDFT in vivo strain levels of up to 16% at the
gallop42 demonstrate that the high efficiency comes at a cost –
there is little tolerance in the system and the tendon is prone to
overstrain injury. Consequently, any small deterioration in the
mechanical properties would have a significant effect on the risk
of tendon injury.

The tendon returns energy with an efficiency of approxi-
mately 93%,46 which provides considerable energy-saving for
the horse. Predicted efficiencies of locomotion in the horse at
different gaits calculated from the energy expenditure
required for limb and trunk movement and the movement of
the horse, and the energy production by the muscles (which
have an efficiency of approximately 30%) shows an efficiency
of greater than 100% at the gallop. This discrepancy is due 
to the energy-storage capacities of the locomotor soft tissues,

in particular the SDFT and SL. Thus, these structures are
critical to the optimum efficiency of equine locomotion.

Age and exercise effects 
on tendon pathophysiology

With preceding tendon degeneration proposed as an impor-
tant factor in the initiation of equine superficial digital flexor
tendinopathy, investigations have concentrated on changes
occurring with the tendon matrix associated with aging and
exercise. The importance of these factors on tendon physiol-
ogy has been supported by epidemiologic studies in both
horses (superficial digital flexor tendinopathy)2,4 and man
(Achilles tendinopathy).6–8

A combination of in vivo and post-mortem studies on
‘normal’ horses, both domesticated (trained) and ferral
(untrained), and analyses of tendons from a number of
experimental exercise studies has shone new light into 
the influence of both exercise and aging on equine tendon. 
These studies have investigated mechanical, morphological
(ultrasonographic and histologic), ultrastructural, composi-
tional, and metabolic changes in association with aging and
exercise in equine tendon. The effects of these two factors
have been found to be different between immature (growing)
and mature (adult) tendon. The age at which equine digital
flexor tendon matures is estimated at approximately 2 years
of age from these studies.

Mature (adult) tendon

Mechanical changes

There is a large variation in mechanical properties between
individuals – more than two-fold for ultimate tensile
strength10 so that alterations in both structural and material
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Fig. 8.11
The effect of repeated loading and unloading of tendon.The
loading and unloading curves are different resulting in a loss of
energy (hysteresis). Repeated loading shifts the curve to the
right (conditioning).



properties are difficult to determine. In vitro testing from a
large number of horses has demonstrated a decrease in ulti-
mate tensile stress with age although this was not
significant.47 In further support of this hypothesis, human
studies in vivo have demonstrated a decrease in stiffness in
the Achilles tendon with age.48 As this was an in vivo study,
no ultimate tensile strength measurements are possible,
although reduced stiffness is often associated with reduced
strength in collagenous soft tissues.

The effect of exercise on the mechanical properties of
tendon and ligament are variable, although much of this
variation may be due to different ages and species used.

Morphological changes

The crimp pattern of equine SDFT was found to reduce in
both angle and length with age.49,50 Furthermore, the impo-
sition of exercise resulted in an accelerated loss of this crimp
in a heterogeneous manner – the central region of the tendon
was disproportionately affected.51 This may help to explain
the occurrence of central ‘core’ lesions seen clinically as the
central fascicles, having less crimp, straighten first and are
therefore loaded preferentially, becoming the first ones to
rupture.49

Other studies have assessed the change in fascicle
pattern with aging and training.52 Here, a significant reduc-
tion in the number of fascicles with a thickening of the
interfascicular (endotenon) tissue was found associated
with aging. This correlates well with the location of TGF-�
in maturity (see ‘Metabolic changes’ below) and is consis-
tent with this part of the tendon being the most labile
portion of the tendon.

The effect of exercise on the cross-sectional area of tendon
has shown inconsistent results. Ultrasonographic and gross
cross-sectional measurements during experimental treadmill
exercise in young adult horses failed to show any significant
change with exercise over and above that caused by growth
in digital flexor tendons.53 In contrast, the common digital
extensor tendon did show a significant increase with exercise,
confirming similar findings in exercise studies on mini-pigs.54

Another study, following cross-sectional area changes with the
onset of training showed a significant increase.55 However, two
of the seven horses followed developed evidence of clinical
tendon injury and so it is difficult to relate such increases in
cross-sectional area to either adaptation or injury.

Ultrastructural changes

Collagen fibril diameters, calculated using transmission elec-
tron microscopy, in the adult SDFT in horses show a biphasic
distribution, with a large number of small (40 nm) fibrils and
a low number, but broader range, of large fibrils, while very
old tendons have a more unimodal distribution characteristic
of fetal and newborn tendon.24 The bimodal distribution was
unaffected by a short-term (4.5 months) experimental tread-
mill exercise program in ~2-year-old horses but there was a
shift to smaller diameter collagen fibrils in the longer term
study (18 months) where the horses were over 3 years of

age56 (Fig. 8.12). This effect was believed to be due to the
disruption of large fibrils rather than the formation of new
ones as the collagen content and ‘age’ (as determined by non-
enzymatic glycation) were unaltered.

Compositional changes

Collagen content varies little with age and exercise but the
non-collagenous component of tendon is much more labile.
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Fig. 8.12
Transmission electron microscopy of superficial digital flexor
tendon in 3-year-old Thoroughbreds after 18 months of
treadmill exercise (A), compared with controls that received
only walking exercise (B). Exercise has induced a greater
number of small-diameter fibrils (courtesy of the Equine
Veterinary Journal, reproduced with permission).



Analysis of tendons from a wide range of ages, together with
those from experimental exercise studies has shown a
decrease in glycosaminoglycan (GAG) levels with age and
exercise, where both act synergistically.57 This is in contrast
to the central discolored regions seen as an occasional coinci-
dental finding at post-mortem, which contain increased GAG
levels suggestive of scar tissue formation58 (see Fig. 8.3).
GAGs are part of proteoglycan molecules but vary in amount
between different proteoglycan species. Thus, the small pro-
teoglycans of tensile tendon contain only one or two side-
chains of GAGs while the large proteoglycans, more
characteristic of areas of tendon under compression (e.g.
where the digital flexor tendons change direction at the level
of the metacarpophalangeal joints contain large numbers of
GAG side-chains. Thus, changes in GAG levels within tendon
probably reflect more changes in the large, rather than small,
proteoglycan species.

Another non-collagenous protein, COMP, which is abun-
dant within the digital flexor tendons of horses, shows
marked changes with age and exercise. Levels are low at birth
but rapidly increase with tendon growth during the first 
2 years of life. Once maturity is reached, which is at approx-
imately 2 years in tendon, levels rapidly decline but only
within the tensile (metacarpal) regions of the digital flexor
tendons.27 The superimposition of exercise at this time results
in a significant increase in the loss of COMP from this area of
the tendon.12 In contrast, levels of COMP within the low
loaded tendons, such as the common digital extensor tendon
are also low at birth but do not alter significantly with growth
and aging36 although exercise did alter levels in immature
tendon (see below).

Metabolic changes

Recent studies investigating the distribution of the growth
factor, TGF-�, a potent anabolic growth factor and stimulus
for COMP synthesis in vitro has demonstrated reduction in
the presence of the three isoforms of TGF-� after skeletal
maturity, although TGF-�1, believed to be most associated
with scar tissue formation in wound healing, remains promi-
nent within the interfascicular (endotenon) tissue where age-
associated thickening occurs.59

These findings have resulted in the hypothesis that the
tensile region of the digital flexor tendons of the horse lose
their ability to adapt to exercise after skeletal maturity and
both age and exercise provoke degeneration in the tendon
matrix, characterized by a loss in non-collagenous proteins.
In support of this hypothesis, analysis of matrix gene expres-
sion in bovine digital flexor tendons has shown prominent
matrix gene expression at birth and during growth but a
complete absence of gene expression in the tensile (but not
compressed) regions.60 Interestingly, COMP levels are also
maintained in the compressed regions of equine digital flexor
tendons and this area is frequently spared clinical injury. The
mechanism for this failure of tenocytes to produce tendon
matrix in the adult is unclear, but might involve either an
absence of appropriate growth factor stimulus or cellular
senescence. Certainly, investigations into the synthetic

response by equine tenocytes to mechanical load (biaxial
stretch) and growth factors (TGF-�) in vitro have demon-
strated little response to mechanical load alone.13 TGF-� has
a major effect on protein synthesis and, when combined with
mechanical load, is synergistic. However, tenocytes recovered
from aged flexor tendons do demonstrate a small, but
significant, reduced response to load and TGF-� suggesting
that the failure of an adaptive response in adult tendon is
potentially due to a combination of the absence of growth
factors and, to a small degree, cellular ‘senescence’.
Interestingly, this age effect is not apparent in tenocytes
recovered from digital extensor tendons.

Mechanisms of strain-induced degeneration

The close association between age and exercise suggests that
number of loading cycles is important. It is logical to presume
that the highest loading rates are likely to be the most dam-
aging, so the amount of time spent at the fastest gaits (canter
and gallop) where strains can reach 16% with an initial
strain rate of up to 200%/s are likely to be the most con-
tributory for degeneration. To combat these deleterious
effects of exercise, it has been proposed that the muscle 
of the SDFT primarily acts to fix the origin of the tendon 
and dampen the potentially harmful high frequency
vibrations.17

The actual mechanism for the degeneration of the tendon
is currently unknown although there are several possibilities.
These mechanisms can be either physical or metabolic
processes. The physical energy imparted to the tendon under
weight-bearing load can produce direct damage to the matrix
by disrupting cross-links or actual matrix proteins. An
indirect physical effect of weight bearing is via the energy 
lost through hysteresis. This results in a temperature rise
within the center of the tendon.61 While the tenocytes in the
superficial digital flexor tendon have been shown to be 
resistant to these temperature rises,44 this temperature could
still be damaging to matrix proteins. Loading cycles can
induce cellular activity with potentially the release of pro-
teolytic enzymes.62 Furthermore, cleaved matrix proteins,
generated either from direct physical forces or from enzy-
matic cleavage, can also provoke further matrix degrada-
tion.63 Further work is necessary to elucidate the
mechanisms of soft tissue degeneration so that preventative
strategies can be developed.

Immature (growing) tendon

Although there appeared to be a failure in adaptive response
to exercise in mature digital flexor tendon in the studies out-
lined above, is this also the case in immature tendon? Two
recent studies have addressed this question – the first involv-
ing three different exercise regimes (box rest, box rest with
enforced exercise (training), and pasture exercise) in Warm-
blood foals from 6 weeks to 5 months of age64 and an increas-
ing amount of treadmill exercise in Thoroughbred foals from
6 weeks to 15 months of age.65
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Mechanical changes

In the Warmblood study, foals kept at pasture had sig-
nificantly stronger tendons structurally at 5 months of age
than the other two groups largely due to the development of
a larger cross-sectional area (see below) as the ultimate
tensile stress at rupture (material property) was not dif-
ferent between groups. By 11 months of age, after all three
groups had received a 6-month period of low-level exercise,
the differences between groups were largely no longer
present.

Morphological changes

The recent study by Kasashima and colleagues64 has docu-
mented a significant increase in the rate of increase in cross-
sectional area of the superficial digital flexor tendon with
treadmill exercise administered for only a small period each
day in addition to pasture exercise. Interestingly, the varia-
tion in tendon cross-sectional area between limbs increased
in both exercise and control groups towards the end of the
study. In the study on Warmblood foals, the cross-sectional
area was significantly larger at 5 months of age in the foals
kept on pasture in comparison to those maintained on box
rest or box rest with small bouts of enforced intense exercise.
These differences were no longer significant at 11 months
after all three groups had received a similar level of low-level
exercise for 6 months.

Ultrastructural changes

Fetal and newborn equine SDFT has a uniform fibril size of
moderate diameter (i.e. not universally small).24,66 During
growth, a bimodal distribution of fibril sizes, with the largest
number of small (~40 nm) diameter fibrils and lower
numbers of large fibrils (> 200 nm in diameter) becomes
apparent within the first year of life.66 These small fibrils 
may represent either new collagen fibrils waiting to be
incorporated into larger fibrils, different collagen (type III has
universally smaller fibril diameters than type I) or the dis-
ruption of larger diameter fibrils. This change in fibril
diameter distribution appears to be influenced by loading 
and exercise, as different exercise regimes given to foals
altered the time at which the small fibrils appeared.66 Pasture
exercise resulted in the most rapid appearance, with a pre-
dominance of small fibrils present by 5 months of age. 
Foals maintained in a box had a delayed onset of this ‘adult’
phenotype.

In comparison, treadmill exercise given to foals from 
6 weeks to 15 months of age failed to alter the fibril diam-
eter distribution between controls and exercised foals
(Kasashima, personal communication) although these foals
also had access to pasture exercise, which may have been
sufficient to induce the bimodal distribution of fibrils.

Compositional changes

COMP levels have been found to be exquisitely sensitive to
loading in vivo early in life. COMP failed to accumulate in the

digital flexor tendons of an 11-week-old foal that had been
non-weight-bearing on one limb for 6 weeks. This effect was
not marked if the period of non-weight-bearing occurred
after COMP had accumulated within the digital flexor
tendons.27

In 5-month-old foals given pasture exercise, box rest, or
box rest with enforced exercise (training) from 7 days of age
demonstrated changes in molecular composition with respect
to exercise.66 Both COMP and PSGAG levels were lowest in 
the training group, suggesting that this exercise regimen 
was detrimental to tendon development. After normalizing
the exercise across all groups for a further 6 months, there
was only limited ability for the tendons to recover, although
there were changes associated with growth, in particular
increases in hyaluronic acid and COMP. Thus, early exercise 
is potentially the most important determinant of tendon
development.

In contrast, in the exercise study performed by Kasashima
and colleagues,64 COMP levels were not altered in the SDFT
although significant rises were induced in the CDET. This
further supports earlier work in miniature swine by Woo and
colleagues54 who demonstrated a significant change in tissue
properties for digital extensor tendons and ligaments but not
digital flexor tendons. It may be that the load ‘history’ over
the 15 months of exercise was not sufficiently different
between the two groups to induce a significant change in the
digital flexor tendons.

Metabolic changes

TGF-� isoform expression was found both within and
between fascicles in young tendon, mainly pericellular in
location.59 Interestingly, PCR analysis of TGF-� gene expres-
sion showed no growth factor expression after birth, except
when the tendon was injured, suggesting that the tendon
TGF-� stores are fixed and limited at birth.

These investigations suggest that tendon is able to respond 
to exercise during growth. However, this response appears to
be dependent on the exercise regimes. In the study using
Warmblood foals,64 pasture (constant) exercise appeared to
produce a better quality tendon than that resulting from
either box rest (limited, low level, exercise) or enforced exer-
cise with box rest (limited, but high level, exercise). Some, but
not complete, recovery appeared to be possible between 5 and
11 months when the animals were allowed low-level free
exercise. This study also confirmed that the ‘window of
opportunity’ for tendon adaptation appeared to be early in
the life of the animal.

The minimal changes induced by additional, albeit small,
amount of treadmill exercise suggested that the natural exer-
cise level at pasture may be optimal for tendon development.
Certainly, the gamboling activities of foals at pasture would
appear to be ideally suited for high strain rate controlled
loading of the digital flexor tendons (Fig. 8.13). It may be that
both time and intensity ‘windows of opportunity’ exist above
or past which further augmentation of tendon properties can
not be achieved.
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Tendon injury and repair

Gross damage and mechanical failure

With the advent of clinical injury, the extent of the damage to
the matrix varies from disruption of fibrillar cross-links
(covalent and electrostatic), to individual fiber ruptures and
ultimately failure of the entire tendon. This damage can be
focal or generalized and one of the more common manifesta-
tions of superficial digital flexor tendinitis is a centrally
located region of injury (so-called ‘core’ lesion seen ultra-
sonographically; Fig 8.14), usually with the most severe level
being just below the midmetacarpal region but also extend-
ing throughout most of the length of the metacarpal
extrasynovial tendon. Regions of the SDFT enclosed within a
tendon sheath (carpal sheath proximally; digital sheath dis-
tally) are usually much less severely affected, although this
can be relatively more common when the metacarpal region
has been previously injured.

Desmitis of the accessory ligament of the DDFT can occur
as an isolated injury or in conjunction with superficial digital
flexor tendinitis. Its pathogenesis is therefore more related to
the SDFT than the DDFT to which it attaches. While ponies
rarely suffer strain-induced tendinopathy, they do have a
relatively high incidence of desmitis of the accessory liga-
ment of the DDFT.

The SL can fail at any site along its length, although
certain areas are more common in horses used in different
disciplines. Thus, race horses tend to suffer lesions of the
body (and branches) of the SL, while sports horses more fre-
quently have pathology centered within the proximal or
branch regions of the ligament.

In contrast to the SDFT and SL, the deep digital flexor tendon
(DDFT) is most frequently injured within the digital sheath. It is
not known whether these injuries have a preceding phase of
tendon degeneration but many are potentially due to single
loading cycles which induce overstrain damage. Consequently,

bilateral pathology is rarer. Two manifestations are seen clini-
cally. The first arises within the substance of the tendon
(although it may extend to the borders of the tendon), which is
similar to other clinical manifestations of tendinitis. The
second arises at the medial or lateral borders of the tendon,
usually in the region of the metacarpo/metatarsophalangeal
joint, with no, or limited, involvement of the internal substance
of the tendon. These tendon ‘tears’ are thought to arise from
‘bursting’ pressures within the tendon when the metacarpo/
metatarsophalangeal joint is overextended.

Other tendons can suffer from strain-induced injury,
although much less commonly than that affecting the
palmar soft tissue structures of the metacarpus. Ligament
injuries tend to occur when the joint they span is loaded
inappropriately to result in a degree of subluxation.

Repair processes in tendon

Once the tendon suffers clinical injury with disruption of
the tendon matrix, there is intratendinous hemorrhage ini-
tially, usually followed rapidly by a pronounced inflamma-
tory reaction. This inflammatory reaction results in an
increase in blood flow, the development of edema, infiltra-
tion of neutrophils, macrophages and monocytes, and the
release of proteolytic enzymes. While this is the earliest
stage of repair, designed to remove damaged tendon tissue,
the response is usually excessive, causing further damage to
the tendon. This inflammatory phase is usually short lived
but, within a few days, the reparative phase of repair
begins. This results in a pronounced angiogenic response
and the synthesis of scar tissue. This tissue has a different
composition to tendon, having a higher ratio of collagen
types III/I (~50% cf. 10% for normal tendon; Birch, per-
sonal communication), higher levels of glycosaminoglycans
and much lower levels of COMP.27

The reparative phase of tendon healing merges with the
remodeling phase when there is a gradual, but incomplete
transformation of collagen type III to I as the scar tissue
matures.67 The new collagen fibrils become thicker and 
cross-linked. Even mature scar tissue tends to be less stiff as a
material than tendon, but because large amounts are formed,
the scarred tendon often becomes stiffer as a structure than
the original tendon.15

Diagnosis

Diagnosis of tendon injury is usually based on history (fre-
quently a preceding bout of intense exercise) and the devel-
opment of the signs of inflammation (pain, heat, swelling
and lameness) over the affected structure (Fig. 8.14).
Lameness may not always be present and tends to be related
to the degree of inflammation rather than the degree of
damage. In many cases, however, the onset of clinical
tendinitis is associated with severe lameness.

The posture of the limb may be altered depending on the
structure damaged and the severity of the injury. In the 
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Fig. 8.13
Gamboling activity of foals at pasture may be ideally suited to
the development of tendons (courtesy of Dr Yoshinori
Kasashima, Japan Racing Association).



case of severe superficial digital flexor tendinitis, resting
metacarpophalangeal joint angle may be normal because of
the action of the other supporters of this joint (SL and DDFT).
However, when loading on the limb increases (e.g. when the
contralateral limb is raised), the affected limb shows greater
than normal overextension of the metacarpophalangeal
joint. Severe damage to the SL will have greater effect on
metacarpophalangeal joint extension.

For more subtle cases, careful palpation of the tendons in the
limb should be made both with the limb weight bearing and

144
Musculoskeletal system

Fig. 8.14
(A) Clinical, (B) ultrasonographic, and (C) post-mortem appearance
of the ‘core’ lesion – a common manifestation of superficial digital
flexor tendinitis (SDFT). C
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raised. Careful attention should be made to pain response, subtle
enlargement and consistency of the structure (soft after recent
injury; firm after healing). The horse must be relaxed so that
muscle activity does not tense the tendons and make them
appear artificially firm. Careful visual assessment of ‘bowing’ 
of the palmar contour of the metacarpal region can help to
identify subtle superficial digital flexor tendinitis.

Clinical examination, however, may not detect the most
subtle injuries and assessment of the severity is limited by clini-
cal examination alone. As prognosis is most dependent on the
severity of the initial injury, it is prudent to evaluate the
damaged area ultrasonographically and this is best carried out
4–7 days after the onset of the injury as many lesions expand
during the initial few days. Modern ultrasound machines with a
7.5–10 MHz linear transducer produce excellent quality images
of the flexor tendons and SL (see Chapter 20). While the meta-
carpal region can be evaluated ultrasonographically without
clipping the hair, it is recommended to prepare the limb by clip-
ping and washing (with a surgical scrub and spirit) to give the
best-quality images. The horse should be standing square and
both transverse and longitudinal images obtained in a method-
ical fashion throughout the length of the region containing the
injured tendon. For the metacarpal region, the area is divided up
into seven levels or zones, each with characteristic anatomy.
Alternatively, the distance between the transducer and the
accessory carpal bone can be recorded. The palmar soft tissue
structures of the metacarpus can be evaluated satisfactorily
from the palmar aspect of the limb, except for the SL branches
which should also be evaluated from the medial and lateral
aspects of the limb. Both limbs should always be examined 
as many cases of strain-induced tendon injury have bilateral
components but with one limb more severely affected than the
other.

Acute tendon pathology is manifest ultrasonographically
by enlargement, hypoechogenicity (focal, e.g. ‘core’ lesion;
see Fig. 8.14, or generalized), reduced striated pattern in the
longitudinal images, and changes in shape, margin, or posi-
tion. Chronic tendinopathy is associated with variable
enlargement and echogenicity (often heterogeneous), and a
reduced irregular striated pattern indicative of fibrosis.

Markers of tendon injury

When a tendon is injured, proteins are released from the
tendon into either a surrounding synovial fluid (for intrathe-
cal injuries) and/or the blood (for extrathecal injuries). It is
potentially possible to detect these released proteins in either
tendon sheath synovial fluid or blood which could then be
used as a molecular marker of tendon disease.

The development of a specific assay for a molecular
marker of tendon injury relies on one of two different ap-
proaches. One alternative is to identify a protein which is
specific for tendon tissue and released into the bloodstream
following injury. Studies on the molecular composition of
tendon using 2D gel electrophoresis (Smith & Heinegård, per-
sonal communication) have demonstrated that there are
many similarities between the proteins present in cartilage

and tendon and few, if any, specific for tendon tissue, making
this approach less viable at present.

The second alternative is to identify a protein that is not
specific to tendon but whose distribution is restricted and/or
whose fragmentation with injury is specific for tendon injury.
One such protein is COMP, which has a restricted distribution
to tendon, ligament, cartilage, intervertebral disk, and menis-
cus. Furthermore, COMP is particularly abundant in young
midmetacarpal SDFT, the area most prone to injury. After
skeletal maturity, the natural decrease in COMP levels within
the metacarpal region of the SDFT can be accelerated by exer-
cise.12 These findings suggest that it might be a useful indicator
of tendon damage if, once it is released from the metacarpal
region of the SDFT, it gains access to the bloodstream and can
subsequently be assayed. COMP is not significantly absorbed by
the peripheral lymph nodes (cf. proteoglycan fragments; Frazer
et al, unpublished data) and COMP fragments are found in the
serum in humans.68 While studies in man have demonstrated
that COMP has potential usefulness as a marker of joint
disease,69 assay of the total amount of COMP in serum showed
no significant alterations in COMP levels with tendon disease,68

although there were significant increases associated with the
commencement of training (Smith & Bathe, unpublished
data). This assay quantifies COMP using a polyclonal anti-
serum that recognizes a number of epitopes on the COMP mol-
ecule. There is a normal significant background level of COMP
in the serum (1–2 �g/mL), possibly representing the normal
turnover of COMP from all tissues containing the protein.
Certainly there are considerably higher levels of total COMP in
the serum of growing horses compared to adults,68 when
COMP is being accumulated in the tissues. In addition, damage
to cartilage in joint disease also contributes to the ‘pool’ of
COMP in the serum and is therefore responsible for a reduction
in the sensitivity of the assay for tendon disease itself.

However, COMP levels in digital sheath synovial fluid in
horses with intrasynovial tendon injury demonstrated sig-
nificant rises. We know from previous studies that there is
< 1/100 the level of COMP in the digital sheath capsule,27 so
that rises observed in the digital sheath synovial fluid (approxi-
mately four times normal levels) suggest that COMP is lost from
the intrasynovial tendon rather than the digital sheath. The
COMP released within the digital sheath synovial fluid is com-
posed of fragments which have been identified on SDS–PAGE
after partial purification with ion exchange chromatography.
This fragmentation pattern is different from that described for
human joint diseases,69,70 although may not be in the horse.
These fragments represent ideal candidates for markers of
tendon disease. Assay of these fragments, not normally present,
would potentially enable a very sensitive assay to be developed.

In addition to proteins released after injury being useful for
the detection of tendon damage, the healing process can also
potentially be monitored using markers of protein synthesis.
While serological markers of collagen synthesis (e.g. propep-
tide of collagen type I; PICP) were thought to be relatively
specific for bone remodeling, recent studies have demon-
strated significant rises of PICP following tendon injury.71

Further work is necessary to determine if this molecular
marker will be useful for the monitoring of tendon repair.
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Review of current treatment strategies

Over the years, many treatment modalities have been 
tried with most showing equivocal or even deleterious 
effects. From our knowledge of the phases of tendon 
healing, the following have at least a rationale for treating
tendinitis.72

Acute (inflammatory) phase

Physical therapy (rest, application of cold, and compression
with bandaging) is the most important aspect of early manage-
ment where the goal is to minimize inflammation and limit the
action of proteolytic enzymes that continue to destroy tendon
tissue (see Chapter 25). Pharmacologic interventions include
short-acting steroids within the first 24–48 h (later application
can inhibit the second phase of fibroplasia) and the use of poly-
sulfated glycosaminoglycans, which have been shown to inhibit
prostaglandin E2 production in vitro.73 The intralesional use of
steroids should be avoided as this has been associated, at least
with depot preparations, with intratendinous calcification.
Surgical treatment at this stage includes percutaneous tendon
splitting, which has been shown to accelerate the resolution of
the ‘core’ lesion seen ultrasonographically.74 This can be done
with a scalpel or, less invasively, performed with needle 
puncture, when it can be combined with intratendinous 
polysulfated glycosaminoglycan therapy. Desmotomy of the
accessory ligament of the SDFT, often performed concurrently
with percutaneous tendon splitting early on in the disease
process, is suggested to reduce peak strains on the SDFT by
bringing the superficial digital flexor muscle into play.75

However, although initial data suggested a beneficial effect,76

this has not been confirmed in other studies and has been
suggested to contribute to a higher incidence of suspensory
desmitis after its use.77

Subacute (fibroblastic) phase

Early and progressive mobilization and regular ultrasono-
graphic monitoring aims to improve the quality of the
forming scar tissue – the goal of this phase. If the cross-
sectional area of the healing tendon increases by more than
10%, the exercise level should be reduced. The quality of the
longitudinal fiber pattern when the animal returns to full work
has been linked with the overall prognosis.78 In an attempt to
improve the quality of the scar tissue, �-aminoproprionitrile
fumarate (BAPTEN™; no longer marketed for the treatment of
tendon injuries) has been injected intratendinously 30–90 days
after injury.78 This drug inhibits lysyl oxidase, the enzyme that
cross-links collagen molecules. In preventing the formation of
cross-links, it is believed that collagen fibers will form with better
longitudinal alignment under the stimulus of controlled exer-
cise. When the drug wears off, cross-linking occurs and the scar
increases in strength. Clinical trials in the USA indicated a
benefit in the more severe cases.

Other drugs, such as sodium hyaluronate, have been used
both intratendinously and peritendinously but studies have

shown equivocal results. Some benefit in reducing adhesion
formation in intrasheath tendon injuries has been demon-
strated experimentally.

Newer treatments aimed at regenerating rather than
repairing tendon represent the best hope for the future.
Anabolic growth factors, such as IGF-1,79 recombinant
equine growth hormone,80 and TGF-� have been tried
empirically or in a collagenase model of tendon injury, 
but not comprehensively evaluated in the clinical situ-
ation, making interpretation of the benefits of these agents
difficult. An important factor in assessing these new treat-
ments is that they do actually generate tendon-like tissue
rather than just increasing the amount of scar tissue pro-
duced, which will still compromise the outcome. One of
the most exciting new developments is the use of mesen-
chymal stem cells (recovered from bone marrow)81,82

although much work is still necessary to determine their
effectiveness.

Chronic (remodeling) phase

A controlled ascending exercise program with regular
ultrasonographic examinations encourages the further
optimization of the scar tissue. In addition, ultrasound can
enable the detection of early signs of reinjury to minimize 
the risk of catastrophic reinjury. Other methods aimed 
at preventing reinjury include desmotomy of the accessory
ligament of the SDFT (see ‘Acute phase’ treatments) and 
the use of boots capable of providing significant support 
to the metacarpophalangeal joint. Traditional bandages 
fail to provide sufficient support under weight-bearing 
load, while novel designed boots have been shown to 
do so and potentially may help to prevent reinjury83

(Fig. 8.15).

Specific therapies

Some tendon and ligament injuries have specific ther-
apies in addition to those outlined above. DDFT tears within
the digital sheath and SL tears into the metacarpo/
metatarsophalangeal joint are best treated by tenoscopic/
arthroscopic debridement. The outcome of hindlimb, but 
not forelimb, proximal suspensory desmitis appears to be
improved (from 13% to 43%) by the use of extracorporeal
shock wave therapy.84,85 For those cases of hindlimb proximal
suspensory desmitis also failing to respond to shock wave
therapy, surgical neurectomy of the lateral plantar nerve
combined with transection of the fascia overlying the
proximal suspensory ligament provides an additional
rational management technique. Both these latter two treat-
ments are consistent with the hypothesis that hindlimb
proximal suspensory desmitis is an example of a com-
partmental syndrome, unlike the forelimb (which carries a
considerably better prognosis with conservative management
alone).
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Current concepts in
prevention of tendinitis in
the equine athlete

Strategies for the prevention of equine
tendinitis

With the limitation of our ability with current treatments to
return a horse with tendinitis to full work without danger 
of reinjury, prevention of the injury has to be considered as the
most appropriate strategy. From our understanding of tendon
physiology described in the preceding sections, four broad
approaches for prevention can be considered.

Maximize the quality of the tendon prior to
skeletal maturity

There is a large variation in the strength of the SDFT in a
population of horses. Some of this variation may be due to
specific genes. Either breeding out, or identifying horses with,

those genetic variants associated with a genetic susceptibility
to tendinitis would potentially lower the incidence of tendon
injury. However, while the concept is simple, its achievement
is considerably more difficult.

Skeletal tissues are much more able to adapt to the loads
placed on them when they are immature and growing. This is
certainly true for bone and muscle and we believe it to also be
the case in tendon. Thus, carefully tailored exercise regimes
during growth (0–2 years of age) would potentially improve
the ‘quality’ of the tendon and minimize the effects of
degeneration induced by training and racing after skeletal
maturity (approximately 2 years of age in the horse) 
(Fig. 8.16). These exercise regimes must be within the
‘windows of opportunity’ of the right time and the right level.
Growing tendon is also more susceptible to injury so these
‘conditioning’ programs have to induce adaptation suitable
for subsequent racing without causing injury. However, the
optimal prop-erty of equine tendon still needs to be deter-
mined. Probably the most important characteristic would be
fatigue resist-ance and, for any exercise regime in immature
animals to be effective, it must demonstrate a reduction of
tendon injuries within the subsequent athletic careers. 
The answers to these questions are not known but studies 
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Fig. 8.15
(A, B) Dalmar support boot capable of being used in the exercising horse and able to provide significant support to the
metacarpophalangeal joint, unlike traditional bandages.This may provide a method of minimizing reinjury after rehabilitation
(courtesy of the Equine Veterinary Journal, reproduced with permission).



are underwayto assess the effects of early exercise on 
musculoskeletal development.

Reduce the degeneration after skeletal
maturity

Studies are turning towards investigating the mechanisms of
aging in soft tissues, which may give therapeutic options 
for intervening in the aging process. At present, the only 
advice that can be given in this area is to avoid training 
solely aimed at the tendon in the adult horse. This will serve
only to advance the rate of degeneration, which has to be
considered an inevitable consequence of athleticism. Some
forms of exercise may be more provocative of degeneration
than others, but, at present, these are not known. How-
ever, high loading (i.e. fast speeds) is likely to be the most
damaging.

Reduce the risk factors for tendinitis

The initiation of clinical tendinitis is provoked by sudden
peak forces that overcome the strength of the (degenerated)
tendon. This can obviously occur at any time, including out
at pasture, but it is obviously most likely when the horse is
loading its tendon maximally. This occurs when the horse is
running fastest (hence the best horses are potentially more

prone to tendon injury). Ground surface (which affects the
horse’s speed), fatigue (e.g. after longer races or in unfit
horses), jumping, shoeing, and weight are all examples of
factors that can increase the peak loading on the tendon and
hence are risk factors for tendon injury. Some of these are
rectifiable but others are a consequence of racing and not
easily altered.

Early detection

This is not really a prevention strategy, as, by definition, a
degree of tendon injury will already have occurred. However,
if tendon injury can be detected very early, it is possible to
prevent progression to more severe disease. Obviously, care-
ful clinical inspection is vital in this area, but this is rather
insensitive.

Ultrasonography has been the mainstay of tendon imag-
ing and has advanced our knowledge and capabilities for
management considerably. Ultrasonographic technology is
still advancing and new machines have even better resolu-
tion. However, they are still relatively insensitive for predict-
ing injury and the ideal time for a return to full work in the
chronic stages. Furthermore, it is time-consuming and (fre-
quently) requires the limbs to be clipped.

Future techniques in this area may rely on molecular
markers of tendon injury. Fragments of proteins within the
tendon, which are released with injury, can potentially be
assayed for in the blood, which would give a practical test that
would provide useful diagnostic, management, and prognostic
information.

Recommendations for
training of immature and
mature animals

Pasture exercise early in life is essential for the development of
digital flexor tendon that is likely to be most resistant to injury
during adulthood. Additional imposed exercise may be able to
augment this effect but the tendon is also more susceptible to
injury at this age and so exercise levels have to be chosen with
care. In addition, what about the other skeletal tissues? How
do they respond to these exercise regimes? It would be point-
less to develop a training regime beneficial for tendon but
harmful to other tissues, such as bone and joints. However,
different skeletal tissues mature at different times, thus 
potentially allowing different time ‘windows of opportunity’
for different tissues. We would suggest that tendon, liga-
ment, and possibly cartilage are most responsive in the first
year of life, while bone is more responsive at the yearling
stage.

After skeletal maturity, training will have no effect on
tendon adaptation and therefore training should be directed
at muscular, respiratory, and cardiovascular fitness rather
than the tendon.
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Fig. 8.16
Hypothetical response of tendons to the early introduction of
exercise.The two lines refer to two different horses – one
that develops poor-quality tendon during growth (dashed line)
and one that develops good-quality tendon (solid line). Both
accumulate damage within the tendon associated with
postskeletal exercise and aging, which inevitably and 
progressively weakens the tendon. However, in the former, this
weakening precedes the individual to clinical tendinitis within
its racing career, whereas the latter is able to survive its racing
career without suffering such injury.The imposition of 
‘appropriate’ conditioning exercise during growth is 
hypothesized to improve the quality of the growing tendon,
resulting in an individual more resistant to subsequent injury
(courtesy of the Journal of Comparative Biochemistry and
Physiology, reproduced with permission).
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blood flow and exchanges from the synovial membrane and
joint capsule, as well as through ultrafiltration and formation
of synovial fluid, which provides the ultimate medium for
these exchanges to occur.6 The supply of nutrients to the
avascular but metabolically active articular cartilage is pro-
vided by exchanges through the synovial microcirculation
and transport in synovial fluid.

The synovial membrane is designed to provide a pathway
for fluid exchanges, as well as a blood supply, and add to the
composition of synovial fluid through hyaluronan synthesis.
The synovial membrane is composed of an intima (also
referred to as synovium), consisting of a luminal layer 1–5
cells deep, a capillary plexus which lies 6–11 �m beneath the
intimal surface, a deeper network of lymph vessels and a
subintima (or subsynovium) composed of adipose, areolar or
fibrous tissue.6 The intima is designed to favor exchanges
between capillaries and the joint cavity: it lacks a basement
membrane, intercellular gaps are present and intimal capil-
laries are fenestrated towards the joint cavity.6 Furthermore,
the synovial intima adopts a three-dimensional architecture
which is dependent on its biomechanical environment. In
areas of high biomechanical stress, the synovium is flat and
rests on a fibrous, mechanically strong subintima. This is
particularly true of synovium underlying tendons that cross
over a joint, such as the extensor tendon overlying the
metacarpophalangeal joint. In synovial recesses, the intima
is thrown into a three-dimensional villous architecture. This
network is more richly vascular and has been shown to be a
preferential site of solute and macromolecule exchanges.7

Hyaluronan synthesis is also greater in synovium from syn-
ovial villi.8

Intimal cells include synovial fibroblasts (or type B cells,
approximately two thirds of cells) and bone marrow-derived
mononuclear phagocytes (or type A cells, approximately one
third of cells).9 Light microscopy techniques are not a useful
guide for assessing lineage, as subintimal macrophages are
often elongated and intimal fibroblasts may take a rounded
appearance.9 These cells can be separated on the basis of
cytochemical staining for uridine diphosphoglucose dehydro-
genase, a marker for hyaluronan synthesis, and non-specific
esterase, a macrophage marker.10 These cells are also unique

Joint physiology and
structure

The joint is an organ composed of synovium, articular carti-
lage and subchondral bone, with a local blood supply, inner-
vation and fluid exchanges that function to maintain health
and produce locomotion.1 The joints are uniquely designed
for rotary or hinge-like movement to permit limb and body
movement. Joint tissues adapt to the magnitude and fre-
quency of applied load which naturally occurs with exercise.
Training (a forced exercise regimen) is designed to promote
the adaptation of the joint structures and physiologic
responses to permit high performance without joint compro-
mise. The purpose of this chapter is to provide a comprehen-
sive understanding of the consequences and complexities of
physiologic and pathophysiologic changes that occur in the
joint during training and exercise.

Basic anatomy and physiology

Tissues of the joint cavity have a specialized composition and
three-dimensional anatomy which ultimately relate them to
their specific biomechanical function. As such, the articular
cartilage, whose ultimate function is to absorb and transfer
loads, is a composite of collagen which provides tensile
strength and highly charged proteoglycan subunits which
provide compressive stiffness. In order to maintain cartilage
composition and function, a slow but steady turnover of its
components occurs, the rate of which is dependent on age,
mechanical load and joint environment.2–5 The building
materials necessary for this turnover are provided through
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as they are found in close association with specialized
components of the intimal matrix, such as fibronectin,
laminin, type IV collagen, type V collagen, entactin and sul-
fated glycosaminoglycans, which may serve to anchor the
intimal cell layer to the underlying connective tissue.11 The
ability of the intima to maintain itself as a layer appears
closely related to cell–matrix–cell interactions, through
expression of adhesion molecules such as ICAM-1, VCAM-1,
fibronectin, laminin and others and their integrin ligands are
likely candidates.

With joint overuse and inflammation, the relative predom-
inance of these cell types is altered, with subintimal
macrophages forming 50–70% of cells in the intima. Integrin
expression is also increased and the morphology of the cells is
changed from small cells arranged parallel to the joint surface
to a more superficial location arranged perpendicular to the
joint cavity. These cells are also the dominant source of
intimal vascular cell adhesion molecule (VCAM–1).9

Expression of cell adhesion molecules by synovial intimal
cells serves to direct leukocyte trafficking in disease. Most
multinucleate cells within inflamed synovial intima carry
macrophage lineage markers.9 There is also evidence that
synovial intimal cells could direct leukocyte trafficking in
health and disease, through adhesion molecule expression.9

Intimal fibroblasts proliferate in disease consistent with the
synovial proliferation observed with chronic joint use and
inflammation.12

Joint circulation

The synovial membrane functions to maintain articular
homeostasis by providing a pathway for the exchange of
nutrients and metabolic byproducts between blood and
synovial tissues, including articular cartilage.13,14 Optimal
oxygen delivery to articular tissues serves to maintain normal
synovial fluid composition,15,16 chondrocyte metabolism and
normal matrix composition and turnover.17–19 The efficiency
of exchange between the synovial membrane capillaries and
joint cavity is dependent on capillary density, capillary depth
and blood flow.15,20

Several tissues in the joint are provided with a rich vascu-
lar supply that responds to exercise and pathologic states.
These include the joint capsule, synovial membrane, intra-
and periarticular ligaments and subchondral bone. Articular
cartilage is avascular. The articular blood supply of most
diarthrodial joints is formed by small branches of the epiphy-
seal arteries running at the junction of the periosteum and
the synovial membrane, forming an arterial circle. Larger
branches penetrate the bone, whereas smaller branches
remain at the periphery of the articular cartilage, forming
the perichondral circulation. Subchondral bone blood supply
is provided by the epiphyseal arteries, which travel in the
epiphysis parallel to the articular cartilage, sending perpendi-
cular branches which end in capillary loops at the deep
surface of the calcified cartilage. Before physeal closure, this
epiphyseal circulation is distinct from the metaphyseal circu-
lation. The synovial membrane vascular supply is composed
of capillaries which are very sparse in areas of high mechan-

ical stress. The angle of reflection of the synovial membrane
is composed of a rich vascular plexus and synovial villi are
incompletely penetrated by a central arteriole.

The richest capillary density in the synovial membrane is
within 25 �m of the joint surface. Capillary density is greatest
in areolar or adipose synovium and lowest in fibrous syn-
ovium. Similarly, blood flow to synovium is greater than in the
fibrous joint capsule and joint motion greatly affects intra-
articular pressure and synovial blood flow (see intra-articular
pressure below).21 In addition, villous synovial membrane is
more vascular than fibrous and preferential exchanges of
small molecules such as albumin, as well as hyaluronan
production, occur in synovial villi.7 Health of the synovial villi
is important to maintain viscous synovial fluid rich in
hyaluronan.22

Factors that can acutely affect synovial blood flow include
intra-articular pressure (IAP), local temperature, joint
motion, vasomotor tone and reflexes and local release of
vasoactive mediators. Exercise is the greatest activator of
joint circulation. Cardiac output is concomitantly increased,
as is blood flow.23,24 Large arteries supplying the joint have
intravascular pressure approaching systemic arterial pres-
sure; however, blood flow and pressure are controlled at the
arteriole and capillary level of the synovial membrane.
Capillary pressure in the synovial membrane is low and local
joint blood perfusion is strongly influenced by IAP. If effusion
resulting in increased IAP is present, significant tamponade
of the synovial blood flow occurs.21 Intra-articular pressures
of > 30 mmHg have been measured in fetlock joints of sound
horses with effusion.25 A significant decrease in blood flow to
the synovial membrane was measured after an increased IAP
of 30 mmHg.21 Intra-articular acidosis develops at IAP of
< 45 mmHg.26

Even in normal joint motion, as during exercise, regional
blood flow will be arrested in accordance with high pressure
profiles that occur within the compressed and highly tensed
joint compartments.27 As the joint moves from full extension
to maximal flexion, a pumping action occurs, creating a
pulsatile increase in blood flow.

Chronic joint disease, as seen in many active sports horses,
can significantly decrease blood flow to the synovial mem-
brane as the increased joint capsule fibrosis results in a con-
comitant decrease in capillary density and joint capsule
compliance. Loss of joint capsule compliance increases IAP
associated with joint effusion and motion.

Potential consequences of decreased articular blood flow
include chronic ischemia and resultant synovial fibrosis and
hypertrophy, generation of lactate and synovial fluid acidosis,
and production of inflammatory mediators. Chronically
hypoxic joints are more affected by exercise than normal
joints, producing further hypoxia. A decreased blood supply
could decrease drug delivery to the joint and decrease
clearance of metabolites from the joint.

Morphometric and morphologic analyses of synovial
vessels provide an insight into the contribution of synovial
blood flow in disease.28 Equine vessel anatomy contains a
central arteriole and a helical venule descent from the 
tip to the base of the villus. The anatomical result is an
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arrangement that produces a countercurrent exchange
system. These systems create ischemia at the tip of the sus-
ceptible villus29 (Fig. 9.1). In normal synovial vessels, capil-
lary flattening occurs with IAP greater than 25 mmHg.28

In joint effusion and at phases of a normal stride, these 
IAP values are exceeded, resulting in decreased blood flow,
decreased clearance and decreased lymph flow. These alter-
ations are part of standard joint physiology in the horse in
athletic training. In horses with chronic arthritis, decreased
capillary density and increased intercapillary distance
suggest altered trans-synovial fluid exchanges, as well as
increased relative ischemia.

Data on joint physiology would suggest that in normal
equine joints, an ‘ebb and flow’ of blood perfusion of synovial
capillaries occurs from the back to the front of joints during
exercise (Fig. 9.2). In joints with increased IAP (effusion) or
decreased compliance (thickened stiff joint capsule), the
reduction in blood flow will be even greater. The observation
that synovial villi become blunted, shortened and clubbed
with chronic joint overuse further supports the scientific evi-
dence that the tips of the villi are most susceptible to hypoxia
in the form of the typical ischemia reperfusion injury.30 The
fibrotic thickening of the villi may be stimulated by oxygen
gradients created during tissue hypoxia.

Intra-articular pressure

Intra-articular pressure (IAP) is normally below atmospheric
pressure in most joints at the ‘angle of ease’ and pressures
between –2 to –12 mmHg have been reported. The ‘angle of

ease’ is the most comfortable joint position and is typically a
neutral position with the lowest IAP. Recordings of IAP in
equine joints yielded similar subatmospheric values for the
midcarpal and metacarpophalangeal joints.25,28,31 Horses
with healthy joints in active training will have ‘tight’ joints, i.e.
no palpable effusion and a negative IAP. Maintenance of this
negative pressure is thought to occur by joint motion, which
enhances lymph flow from the interstitium, and by joint
flexion which promotes fluid absorption by raising IAP.

The normal fluid balance is therefore maintained through
two pumps in series, one that enhances fluid exchange to the
interstitium and one that enhances lymph flow. Examination
of pressure–volume curves in normal joints indicates that
this relationship is sigmoid, with low articular compliance at
normal subatmospheric pressures, an increased compliance
at supra-atmospheric pressures up to 30 mmHg, and another
increase in compliance at high IAP.31 This relationship can be
explained as a resistance to joint distension at IAP in the
normal range, followed by accommodation of effusion at IAP
up to 30 mmHg. This may prevent collapse of synovium
capillaries and preserve joint blood flow. At IAP > 30 mmHg,
the decreased compliance may counteract further effusion
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and articular fluid accumulation. Rupture of the midcarpal
joint capsule has been noted at IAP of > 80 mmHg in horses
and this rupture was located in the palmar lateral pouch of
the midcarpal joint, as has been observed clinically (Bertone,
unpublished data, 1996).

The determinants of IAP include joint capsule compliance,
joint angle, previous distension history, compliance of the
joint capsule, muscle tension and joint load.32,33 In addition,
determination of pressure–volume relationships is also
dependent on the type of infusate used for measurement.31,34

Chronically inflamed joints have thickening and fibrosis of the
joint capsule, resulting in decreased compliance. Joint flexion
increases IAP. Slow distension–compression cycles result in
progressive stress–relaxation of the joint capsule and a
gradual increase in articular compliance. However, if rapid
successive infusion–withdrawal cycles are performed, a pro-
gressive decrease in articular compliance can be measured. If
the joint is distended with synovial fluid, an increased compli-
ance is observed compared to infusion with saline, probably
because of the lack of a fluid interface which increases surface
tension and promotes joint collapse, confirming the impor-
tance of hyaluronan in joint lubrication during training and
exercise.

The effect of joint history dependence on IAP and com-
pliance explains the lack of correlation between the volume
of effusion and pressure generated from the effusion. Long-
term slowly accumulating joint effusion will have relatively
low IAP compared to fast-developing effusions. In addition,
pain due to effusion is caused by periarticular tension recep-

tors; stress–relaxation may explain why rapidly forming effu-
sions are more painful than slower forming ones.

Compartmentation of the joint is the functional separation
of joint compartments at physiologic pressure and has been
demonstrated in the rabbit stifle and the equine metacar-
pophalangeal joint.27 During joint movement, synovial fluid
flows from compartments of highest pressure to compart-
ments of lowest pressure, producing an ebb and flow of syn-
ovial fluid over the articular cartilage. This process provides
nutrients to the avascular cartilage, lubricates cartilage and
keeps joint pressures from escalating excessively during joint
movement. Movement of fluid through the synovium into the
interstitium and lymphatics (termed conductance) is
increased with exercise. Both a direct effect of increased IAP
and a pumping action on the interstitium and lymphatics
drive fluid resorption. Exercise increases this hydraulic con-
ductance of fluid and improves clearance and turnover of
joint fluid. This effect has been noted to continue for several
hours after exercise. Normal exercise will not produce
significant fluxes in IAP. These findings may be explained by
the lower compliance of chronic diseased joints. In chronic
joint effusion, pressures generated at rest but more remark-
ably at exercise are higher than capillary pressures, emphasiz-
ing the critical role of effusions on the generation of IAP.35,36

Synovial fluid dynamics

Understanding the pathophysiologic mechanisms behind syn-
ovial fluid turnover becomes important when one considers
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the common concerns in actively training sports horses,
including joint effusion, the potential clinical use of synovial
fluid markers as indicators of exercise or disease state and
progression37,38 and the use of systemic or intra-articular
medications in the treatment of joint disease (Fig. 9.3). The
histology, ultrastructure and embryology of the synovium
support the theory that the joint cavity is a third compartment
of the interstitial space.39 Interstitial and joint fluid is an
ultrafiltrate of plasma to which hyaluronan is added. Fluid
flow from the vascular space into the interstitium and joint
space (third compartment space) and out into venules and
lymphatics is tightly governed by Starling forces. Starling
forces are a balance of arterial and venous pressures and
colloid osmotic forces across the joint. The resultant fluid flow
through the joint is modified by the permeability of the syn-
ovial membrane (osmotic reflection coefficient) and the vessel
surface area available for fluid transport (filtration coefficient).
Even in normal joints these forces are influenced by gravity
(joint dependency), motion (exercise), and structure (joint
compliance).1,6,20,27,38,40,41 Horses are also somewhat unique
in necessitating joint motion to maintain isogravimetric states
of the joints (no fluid gain or loss). This is most notable in
peripheral joints.20 In normal stationary or standing equine
limbs, lymphatic drainage from joints approximates zero until
joint pressure exceeds 11 mmHg for the fetlock joint (transi-
tional microvascular pressure). In standing animals without
counterforces, such as motion or external bandages to
increase lymph flow forces, gravitational pressures both
increase arterial pressure to the joint and increase the venous
and lymphatic pressure necessary for fluid to exit the joint.
The result is the tissue edema and joint effusion known as
‘stocking up’, a physiologic imbalance of joint fluid flow
leading to a positive isogravimetric state of the joint (gain of
weight in the form of interstitial fluid).

Articular albumin and hyaluronan (synovial colloids) are
molecules that play a role in oncotic pressures and drive joint
fluid dynamics.42 The half-life of the hyaluronan molecule in
joints is relatively short (12–20 hours), suggesting that alter-
ation in composition and molecular structure can quickly
impact joint rheology. However, synovial fluid dynamics are
dictated more by capillary permeability, IAP and protein
concentration than hyaluronan concentration.43

Hyaluronan and joint lubrication

Hyaluronan is a non-sulfated glycosaminoglycan consisting
of alternating units of D-glucuronic acid and N-acetyl-D-
glucosamine. It exhibits polydispersity, but the average
molecular weight is in the order of several million. In dilute
solutions, each molecule behaves as a large coil but as the
concentration of hyaluronan increases, entanglement of the
coils occurs, eventually forming a uniform meshwork.
Viscosity is non-linear and increases exponentially as the
hyaluronan concentration increases, probably as a result of
this three-dimensional framework.

The effect of hyaluronate on synovial fluid viscosity is pro-
portional to chain length, protein concentration, pH, ionic

composition and temperature. Viscosity decreases rapidly
with increased shear rate, such as during sustained high
motion in competitive events. Viscosity is variable between
joints, being high in small joints. In a given joint, viscosity
varies inversely with volume and joint effusion usually dilutes
hyaluronan and viscosity. The hyaluronan molecule has been
assigned a role in providing joint boundary lubrication while
its viscoelastic and shear dependence properties have only
been slowly accepted functions. It is apparent, however, that
the nature and configuration of the molecule, and the exis-
tence of receptors to hyaluronan, provide some other insights
as to the role of hyaluronan in vivo.

Hyaluronan solutions provide a barrier against water flow
and may act as a barrier against rapid tissue weight changes.
The meshwork may also act as a sieve to regulate transport of
macromolecules and exclude macromolecules from space in
the system.44 In articular cartilage the hyaluronan-binding
proteins, also referred to as hyaladherins, are aggrecan and
link protein, which in combination with hyaluronan form the
large proteoglycan aggregates of articular cartilage which
provide the compressive stiffness necessary to accept loads
such as occur in athletic events. Synovial fluid hyaluronan is
also critically important to the mechanical properties ofthe
joint cavity, enhancing the compliance of the joint capsule.31

Hyaluronan has also been shown to decrease joint pain
with molecular weights of greater than 40 kDa.
Hyaluronan of 860 kDa and 2300 kDa produced high-level
and long-acting analgesia for 72 hours after injection.
This effect was not related to binding to hyaluronan or
bradykinin receptors.45

Joint pain

Joint pain is an important component of training any equine
athlete as lameness is the greatest cause of morbidity in
horses.46 The physiology of joint pain primarily involves pain
fibers found in the synovial membrane or subchondral bone.
Joint pain can usually be attributed to joint inflammation,
restrictive fibrosis and/or subchondral bone pain. Excessive
joint strain during exercise can be in the form of a singular
mishap or repetitive overstrain leading to joint inflammation.
The joint is richly innervated with large myelinated afferent
and efferent nerve endings and small unmyelinated C fibers.
Sensory and motor innervation provide feedback that helps
maintain joint stability, such that in the absence of these pro-
tective reflexes, severe arthropathy may develop if the joint is
made unstable.47 Activation of the peripheral nervous system
can initiate the major features of acute inflammation, which
include vasodilation, effusion and a lower threshold for 
pain.48,49 The pain of arthritis is relayed by both C fibers and
A� (delta) fibers. These fibers are activated by amines (sero-
tonin, etc.) and neuropeptides (CGRP and substance P) that
act synergistically to exert proinflammatory effects on the
synovium. The presence of these neuropeptides has been
documented in equine articular tissues.

Although acute inflammation is a necessary and appro-
priate response to initiate repair following tissue injury,
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inadequate regulation of this response may lead to excessive
tissue damage or chronic inflammation. A role of substance
P in joint pain is supported by the clinical effectiveness of the
substance P-depleting substance, capsaicin. Capsaicin (trans-
8-methyl-N-vanillyl-6-nonenamide) is the pungent ingre-
dient in hot paprika or chili peppers. It initially activates C
fibers, resulting in substance P release and pain, but subse-
quently desensitizes or degenerates C fibers, suggesting a
mechanism for pain alleviation with chronic use in articular
inflammation.50

Non-steroidal anti-inflammatory drugs (NSAIDs) are com-
monly used in the treatment of articular inflammation and in
the control of joint pain in athletic horses in training. The role
of prostaglandins in pain is indirect, as they act to sensitize C
fibers to subsequent stimulation. NSAIDs inhibit prosta-
glandin synthase enzymes (also known as cyclo-oxygenase)
and diminish the formation of PGE1, PGE2, PGF and PGI from
arachidonic acid. Corticosteroids inhibit phospholipase A2,
thus preventing the formation of arachidonate, a substrate for
the cyclo-oxygenase and lipoxygenase pathways. At high
doses, corticosteroids also inhibit IL-1 and TNF, which can also
sensitize pain nociceptors. These mechanisms may explain the
analgesic effects of NSAIDs and steroids.

The role of neuropeptides in joint disease is currently
under investigation and there appear to be differences in the
contribution of neuropeptides to disease process in acute
versus chronic inflammatory arthritis. In acute arthritis, loss
of sensory nerves may contribute to inflammation, as
demonstrated by increased edema formation in denervated
limbs.50 Similar results have been reported in an IL-1 induced
model of acute inflammation in the horse, where increased
edema and decreased permeability to macromolecules were
observed in denervated limbs.51 The role of innervation in
chronic arthritis is complex. Staining for CGRP and sub-
stance P was increased in the sciatic nerve, dorsal root
ganglia and periarticular tissues, but synovium staining 
was decreased. It appears that the role of neuropeptides in
acute or chronic inflammation may vary as the distri-
bution of sensory nerves is altered with the inflammatory
response.

The therapeutic implications of the participation of neuro-
endocrine mechanisms in arthritis are many. Intramuscularly
administered gold or topically applied capsaicin are agents
that selectively destroy C fibers, thus lowering substance P
levels, and have been found clinically useful. Capsaicin ini-
tially causes release of substance P from nerve endings,
explaining the burning sensation felt upon initial application.
NSAIDs (PGH2 or cyclo-oxygenase inhibitors) decrease
prostanoid production and intra-articular corticosteroids
which inhibit the arachidonic acid cascade are effective in the
treatment of inflammation and pain in arthritis.52 In addition,
stimulation of primary afferent nociceptive fibers causes
release of glutamate and substance P from central spinal path-
ways. This nociceptive input can be inhibited by stimulation of
proprioceptive and tactile type I and II fibers. Stimulation of
these fibers can be accomplished by high-frequency, low-
intensity transcutaneous neural stimulation, frequently used
in physiotherapy.

Cartilage adaptation to
training and exercise

Adaptation of cartilage to exercise is well established in
horses and results in cartilage able to handle greater bio-
mechanical stress, particularly in anatomical sites receiving
high loads.53–69 Joint stress and osteoarthritis are correlated
in people and are empirically correlated in the equine athlete
as well.70 Overuse results in wear and tear when the stress of
exercise exceeds the capability of the cartilage to adapt and
structural damage occurs. Virtually all elite equine athletes
with an extended career will have some degree of osteoarthri-
tis. Exercise both increases and accelerates the development
of biochemical articular cartilage heterogeneity.55,58,65 These
changes reflect the biodistribution of loading53 and loading-
induced changes in synovial fluid.62 Use of intra-articular
steroid medication in exercising horses has been shown to
reduce the biomechanical supportive properties of the equine
articular cartilage.67

Some of the differences in biomechanical and biochemical
properties of articular cartilage result from species dis-
parities, the characteristics of a particular joint or as a func-
tion of location within a joint. Differences in similar anatomic
site locations in joints as a function of the level of exercise (i.e.
non-strenuous as compared to strenuous) demonstrate that
the history of loading undergone by the joint alters these
biomechanical material properties. Indentation studies on
equine articular cartilage from exercised and non-exercised
horses demonstrated clear differences in biomaterial proper-
ties of the cartilage which were site specific. Sites of higher
loading had greater changes, indicating an exercise adapta-
tion. This was most dramatic for cartilage permeability (fluid
conductance) in which exercise promotes water (fluid) flow
out of the cartilage on loading. Fluid extrusion from articular
cartilage on high-impact loading is a known mechanism for
cartilage lubrication.41 These biomechanical adaptations of
cartilage correspond in a site-specific manner to alterations
in cartilage metabolism with exercise. Chondrocytes increase
their production and quality of proteoglycan to increase the
compressive stiffness of cartilage. It takes longer than 3 weeks
of training for the increase in proteoglycan synthesis to result
in a measurable increase in total proteoglycan content.54

There is no consensus on the influence of exercise
(beneficial71 or neutral72) on the healing of injured articular
cartilage, although assimilation of the studies would suggest
that exercise during healing is beneficial as long as the impact
trauma is below the level of repair tissue destruction.

Bone adaptation to training
and exercise

In young horses put in training, bone is exposed to new
stresses. During training bone rapidly remodels to decrease
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bone porosity and increase bone trabecular width and miner-
alizing surface, thereby enhancing the bone’s ability to with-
stand stress.73 Younger horse bone (2 year olds) is less stiff
and therefore greater strains (bone movement) have been
measured during high-speed exercise as compared to older
horses. These high strains seen in these young horses may
lead to high-strain, low-cycle fatigue of the bone and subse-
quent bone pain (dorsal metacarpal cortex, sesamoid bones,
caudal metacarpal condyle).74 Computed tomography and
histology have confirmed the presence of microcracks at
these high-strain bone sites. Bone strain is even greater in the
lead limb (the left limb in North American racing) correlating
with the most common location of ultimate fracture (dorsal
cortical fracture and condylar fracture).75

Immature cortical bone of horses is normally resorbing
primary osteons during training and has greater resorption
cavities and incompletely filled secondary osteons than that of
older horses. This bone structure is more susceptible to fatigue
microdamage resulting from training because of higher bone
porosity, fewer completed secondary osteons and a lower pro-
portion of circumferentially oriented collagen fibers.76 Indeed,
in racing Quarter Horses put in training, the bone density
significantly decreased early in training and then increased
later in training. Race horses experienced fewer bone-related
injuries when they had greater cortical mass in areas of known
high bone stress at the commencement of training.77

The metacarpus changes shape during maturation78 and
training79,80 to lower strains during high-speed exercise. As an
example, the dorsal cortex thickens during training, by produc-
tion of periosteal new bone. This natural response to these
demands on the bone enables bone to handle stress without
developing microfractures or complete bone failure (fractures).
Experimental exercise conditions confirm marked modeling
(not remodeling) of the bone, particularly subperiosteal bone
formation at the midshaft of the third metacarpal bone. Horses
that complete a full training program have greater bone mineral
content despite a lighter body weight, further demonstrating
the principle of Wolfe’s Law, summarized as the principle that
bone is deposited in areas of increased bone stress demands.81

Bone mineral density increases with age and exercise is critical
for normal bone development.82

In summary, in horses in training, high bone strain can
induce cyclic fatigue of bone, resulting in microdamage and
ultimate bone failure. The less bone present at the start of
training (immaturity or lack of musculoskeletal condition-
ing), the greater this risk. Bone responds by modeling but
microfracture damage may develop and cause pain. Many
(> 80%) 2-year-old racing Thoroughbreds83 and Quarter
Horses84 demonstrate bone pain and it is estimated that
~12% go on to develop stress fracture, usually within
6 months to 1 year of showing pain.78 Horses trained on
harder surfaces (dirt as compared to wood fiber)85 and faster
horses83 are at greater risk of developing bone pain and
microfracture. It is proposed that the greater incidence 
of bone fatigue failure in Thoroughbreds, as compared to
Standardbreds, is due to gait differences and resultant 
bone stresses during training and racing, not to inherent 
differences in the mechanical properties of the bone.86
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cially when single emulsion film is used. This procedure 
is well known, simple to use, and allows examination of
every part of the horse body and limbs. Radiographic

Introduction

During recent decades, diagnostic imaging has considerably
progressed in human and veterinary medicine. Horses have
benefited from the tremendous technological progress made
in different imaging modalities. Because of this improvement
in our diagnostic capabilities, significant advances in equine
medicine, and especially in the knowledge of musculoskeletal
diseases, were made and many new clinical entities previ-
ously unknown were identified and documented.

In the 1980s, radiography was the only technique used by
the equine practitioner. Now several imaging procedures are
available, at least in referral centers. According to their use,
indications and complexity, imaging techniques can be
divided as basic procedures, easily used in practice (such as
radiography and ultrasonography), topographical modalities
giving information on the location of pathologic processes
(such as thermography and nuclear scintigraphy), and
advanced, more sophisticated cross-sectional and multi-
planar techniques (such as computed tomography and
magnetic resonance imaging).

Basic techniques

Radiography

Conventional radiography is the classic technique of diagnos-
tic imaging. It provides high-definition image quality, espe-
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Fig. 10.1
Nineteen-month-old French Trotter colt.
Dorsomedial–plantarolateral oblique projection of the left
hock. Osteochondral fragmentation of the lateral trochlear
ridge of the talus (arrowheads).



interpretation requires a good knowledge of anatomy, geom-
etry of the radiographic projections,1 and the different mani-
festations of tissue alterations. It features an excellent
imaging representation of bones. Identification of bone
injuries is based on changes in density (bone lysis or bone
sclerosis) and bone architecture (sclerosis of the spongious
bone and lysis of the compact or subchondral bone) as well as
changes in shape and contour.2

Many osteoarticular conditions can be diagnosed with
radiography.3,4 This modality allows diagnosis and documen-
tation of most of the osteochondral lesions, such as articular
surface or periarticular osteochondral fragmentation
(Fig. 10.1) and subchondral bone cysts (Fig. 10.2) in young
and adult horses. Radiography is the first technique used for
the diagnosis and documentation of complete fractures
(Figs 10.3, 10.4) as well as fatigue fractures (Fig. 10.5). This
technique is also essential for the diagnosis of degenerative
joint disease (Fig. 10.6), based on the presence of lysis or scle-

rosis of the subchondral bone, periarticular osteophytes and,
in some cases, thinning of the ‘joint space’, which represents
the two opposite articular cartilage layers in synovial joints.
Lysis of the compact bone (in short bones) or cortical bone
associated with sclerosis of the adjacent cancellous bone is

162
Musculoskeletal system

LAT LAT

Fig. 10.5
Two-year-old Thoroughbred filly. Dorsopalmar projections of
the right front fetlock. Lateral parasagittal fatigue fracture of
the metacarpal condyle. Note that the fracture line is clearer
on a slightly oblique projection (right).

Fig. 10.4
Two-year-old Selle-Français colt. Mediolateral projection of
the right shoulder.Traumatic fracture of the caudomedial part
of the humeral head (arrows).

Fig. 10.2
Two-year-old French Trotter colt. Mediolateral projection of
the right shoulder. Subchondral bone cyst of the humeral head
(arrowheads).

Fig. 10.3
Four-year-old French Trotter male.
Dorsolateral–plantaromedial oblique projection on the left
hock. Biarticular fracture of the central tarsal bone
(arrowhead). Note that a slightly different projection (on the
right) does not show the fracture line.



always indicative of advanced bone remodeling in pathologic
processes (Fig. 10.7). In conjunction with ultrasonography,
radiography is also very useful for the detection of entheso-
pathies, providing information on the insertion surface of
ligaments and tendons (Fig. 10.8). As this technique does not
have any regional limitation (depending on the power of the
machine), many neck, back, and pelvic problems can be diag-
nosed with radiography. Cervical lesions including malforma-
tion, malalignment (Fig. 10.9), stenosis of the vertebral canal
(Fig. 10.10), osteochondral fragmentation of the articular
processes, fractures, and degenerative intervertebral disk
lesions are easily assessed with portable machines, especially
in young horses. In the thoracic spine, the diagnosis 
of kissing spines in the midthoracic region (Fig. 10.11) 
and in the withers (Fig. 10.12) can also be achieved 
with portable machines. Conversely, lesions involving 
the articular processes (Fig. 10.13) and vertebral bodies 
(Fig. 10.14) can be diagnosed only with non-portable 
powerful machines, which are only available in equine 
referral hospitals. In our patients, osteoarthrosis of the 
synovial joints between the articular processes of the 
lumbar and thoracic spine is a significant condition
responsible for poor performance in sport and race 
horses.

Besides the anatomopathologic information, radiography
allows a functional evaluation through the assessment of
joint angulation and congruency. Stress radiographs can be
performed to assess joint stability, and to identify localized
reduction of the cartilage thickness. Contrast radiography is
an invasive technique whose indications have been reduced
since the use of ultrasonography.5

Contrary to other techniques, such as magnetic resonance
imaging (MRI) or computed tomography, most of the joints
can be examined with radiography, including the proximal
joints and intervertebral joints. As radiography is the older
imaging technique used in diagnostic imaging, its limitations
are well known. They include:

● evaluation of complex anatomic regions, because of the
superimposition of multiple soft tissue and bony structures

● lack of identification of contour, size and shape changes
when the structure evaluated is not profiled by the X-ray
beam

● failure to identify changes in radiopacity for moderate
changes in mineral content

● the lack of differentiation of soft tissues that present a
similar density

● the lack of information on cartilage architecture that does
not permit detection of early lesions. Thinning of cartilage
is recognized only late in the disease process. Moreover,
imaging techniques such as MRI and scintigraphy have
demonstrated the limitations of radiography in the
identification of some bone injuries such as stress
fractures, bone contusion, and bone edema.

With computed and digital radiography, differentiation 
of the soft tissues is improved.6 Manipulation of the density
and contrast parameters allows a better evaluation of the 
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Fig. 10.6
Six-year-old Selle-Français gelding.
Dorsolateral–plantaromedial oblique projection on the left
hock. Degenerative joint disease of the distal intertarsal joint
with severe suchondral bone lysis of the central and third
tarsal bones. Note the sclerosis of the spongious bone of Tc
and T3.

AD

Fig. 10.7
Sixteen-year-old Selle-Français gelding.
Proximopalmar–distodorsal oblique (sky-line) projection of
the distal sesamoid (navicular) bone. Severe lysis of the
compact bone of the distal sesamoid bone flexor surface and
sclerosis of the cancellous bone between the enlarged distal
synovial fossa (arrows).



different anatomical components of the area examined.
Small structures such as joint spaces can be enlarged and
direct measures (such as thickness, angulation) can be easily
done (see Fig. 10.10). Both duplication of the images and
communication are considerably improved for dissemination
of the diagnostic information.
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Fig. 10.9
Eighteen-month-old Anglo-Arabian colt. Lateral projection of
the cranial cervical spine. Malalignment of the third (C3) and
fourth (C4) cervical vertebrae with hypoplasia of the ventral
part of the vertebral head of C4 inducing a C3–C4 stenosis of
the vertebral canal.

Fig. 10.10
Four-month-old Thoroughbred filly. Lateral projection of 
the caudal cervical spine. Stenosis of the vertebral canal 
of the sixth cervical vertebra (C6) and caudal lengthening of
the vertebral arch of the fifth cervical vertebra compatible
with static and dynamic spinal cord compression.There is also
hypertrophy of the articular processes between C5 and C6, a
ski-jump deformation of the vertebral fossa of C5 (arrow) as
well as a malalignment between C6 and C7.
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Fig. 10.8
Three-year-old French Trotter filly. Proximal third interosseous
enthesopathy. (A) Dorsopalmar projection of the proximal
metacarpus. Note the heterogeneous density of the proximal third
metacarpal bone (arrows). (B) Lateromedial projection of the
proximal metacarpus. Note the sclerosis of the spongious bone at
the origin of the suspensory ligament (arrows). (C) Sagittal
ultrasound scan of the proximal metacarpus.The suspensory
ligament is enlarged and hypoechogenic (arrows) and its insertion
surface is irregular. (D) Transverse ultrasound scans of the proximal
metacarpus.The suspensory ligament is enlarged and
hypoechogenic and an enthesophyte is imaged on the left scan
(arrow).
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Fig. 10.13
Three-year-old French Trotter filly. (A) Lateral projection of
the lumbar spine on the standing patient. Periarticular bone
proliferation (arrows) between the first (L1) and second (L2)
lumbar vertebrae indicative of osteoarthrosis of the synovial
joints between the caudal and cranial articular processes.
(B) Transverse ultrasound scan of the back of the same patient
at the junction between L1 and L2 (L1–L2) showing that the
periarticular osteophyte (arrows) is mainly located on the
right side (right scan).

T10

Fig. 10.14
Fourteen-year-old Grand Prix show jumper, Hanoverian male.
Lateral projection of the thoracic vertebral column showing
an extensive ventral spondylosis between the ninth and
twelfth thoracic vertebrae (T10 = tenth thoracic vertebra).

Fig. 10.12
Six-year-old Selle-Français female. Lateral projection of the
spinous processes of the withers. Kissing spines between the
second and sixth thoracic vertebrae (T4 = fourth thoracic
vertebra).

Fig. 10.11
Ten-year-old Grand Prix show jumper, Selle-Français male.
Kissing spines in the thoracic vertebral column. (A) Lateral
radiographic projection on the standing horse showing
contact and bone remodeling between the spinous processes
from T12 to T17 (cranial to the left). (B) Scintigram of the
thoracic vertebral column showing increased radioisotope
uptake in the spinous processes of the same area (cranial to
the right).
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Despite the development of new imaging modalities, radio-
graphy remains essential in the management of sport and race
horses. Extensive evaluation of the four limbs, back and neck
can be made easily with this technique, allowing the detection
of clinical, subclinical or silent bone or osteoarticular lesions.
This information is useful in the management of high level ath-
letic horses as treatment can be anticipated and preventive
measures can be instituted with an adequate shoeing program
and adaptation of the physical exercise program.

Ultrasonography

The use of ultrasonography for diagnosis and management of
disease in athletic horses began in the 1980s with the assess-
ment of tendon injuries and heart problems. It was consider-
ably extended during the 1990s in the field of exercise
physiology, internal medicine, and in the diagnosis of lame-

ness with the application of ultrasonography in the diagnosis
of joint injuries.5

Providing imaging of soft tissues, and being easy to use,
ultrasonography represents an excellent complementary
technique to radiography in equine practice. On multiple
joints it allows a good representation of ligaments, capsule,
synovial membrane and fluid, articular cartilage and sub-
chondral bone. Identification of tendon, ligament and capsule
lesions is based on modification of size (thickening and more
rarely thinning) and shape as well as modification of echo-
genicity and architecture (alteration of the fiber pattern).

One of the main applications of ultrasonography in ath-
letic horses is the diagnosis and follow-up of tendon injuries in
the metacarpal and metatarsal areas7–9 as well as in the
pastern region.10,11 The diagnosis of recent lesions is based on
the presence of thickening and hypoechogenic areas with
altered fiber pattern (Fig. 10.15). These changes are indicative
of edema, hemorrhage and rupture of tendon fibers. In old
and completely healed lesions, the tendon remains thickened
(Fig. 10.16). Although it recovers an echogenicity close to
normal, the fiber pattern remains altered, with shorter linear
fibers than in uninjured parts of the tendon (Fig. 10.17A).
Realization of oblique cross-sections highlights the contrast
between the normal parts of the tendon and the scar tissue
which remains echogenic because of the non-uniform align-
ment of its fibers (Fig. 10.17B). Thanks to its real-time capa-
bility, ultrasonography is useful for evaluation of dynamic
events such as flexor tendon behavior during mobilization of
the fetlock.12 The diagnosis and documentation of enthes-
opathies has been considerably improved since the combined
use of radiography and ultrasonography (see Fig. 10.8). In
these conditions, abnormal findings are present in the tendon
itself and on the bone insertion surface (the enthesis) where
remodeling, lysis and enthesophytes can be seen.
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Fig. 10.16
Eight-year-old Grand Prix show jumper, Hanoverian male.
Transverse sections of the left (left image) and right (right
image) metacarpal areas. Old lesion of the right superficial
digital flexor tendon. Note the thickening of the right tendon
compared to the left one.

Fig. 10.15
(A) Seven-year-old three-day event Selle-Français gelding.
Transverse ultrasound scan of the metacarpal area.Acute
hypoechogenic core lesion of the superficial digital flexor
tendon. (B) Transverse section of an anatomopathologic
specimen showing a typical recent core lesion of the
superficial digital flexor tendon.



Ultrasonography is a well-tolerated technique allowing
non-invasive imaging of most of the soft tissues in joints
including ligaments.5,13–15 Complete ligament rupture can
easily be diagnosed with this technique (Fig. 10.18A).16 In
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Fig. 10.17
Eight-year-old three-day event Thoroughbred gelding. Old core lesion of the superficial digital flexor tendon. (A) Longitudinal section
showing central scar tissue with shorter linear pattern than in the rest of the tendon. (B) Transverse sections.The left scan is made
with the ultrasound beam perpendicular to the tendon; the scar tissue and normal tendon present small difference in echogenicity
and architecture. On the right scan, the ultrasound beam is oblique and only the scar tissue is echogenic because of the lack of
uniform orientation of its fibers.This technique allows better tissue differentiation within the tendon.

B

Fig. 10.18
Two-year-old Selle-Français colt that was recently kicked by
another horse on the left stifle. (A) Longitudinal ultrasound scan at
the medial aspect of the stifle (proximal to the left). Complete
intrasynovial rupture (crosses) of the medial collateral ligament of
the femorotibial joint. (B) Caudocranial radiographic projections 
of the same stifle.The lower view was performed after the
ultrasound scanning, the limb being gently abducted to
demonstrate joint instability. MM, medial meniscus.



this particular condition, joint instability can be demonstrated
with both ultrasonography and radiography (Fig. 10.18B).
Acute as well as chronic desmopathies are common in race
and sport horses and were often underdiagnosed when diag-
nostic imaging was limited to radiography. Now with ultra-
sonography these lesions can be identified (Fig. 10.19) and
their healing can be documented.

Many other joint conditions have benefited from the more
generalized use of ultrasonography. Synovial fluid distension,
often associated to acute or chronic synovitis, can easily 
be identified with this technique and the presence of fluid
highlights the other structures of the joint such as the artic-
ular cartilage and synovial plica or villi (Fig. 10.20). Chronic
proliferative synovitis at the dorsal aspect of the fetlock no
longer requires contrast radiography to be diagnosed, as
ultrasonography is much more informative on the architec-
ture of the lesion (Fig. 10.21) and is non-invasive.5 Capsule
lesions also are common, especially in race horses, and again
underestimated if imaging is limited to radiography. Their
ultrasonographic diagnosis is based on the same criteria used
for tendon lesion and enthesopathies (Fig. 10.22). Ultra-
sonography has also demonstrated the frequent occurrence
of meniscal injuries in sport and race horses.5 These lesions
can be found alone or concomitantly with other femorotibial
lesions such as subchondral bone cysts, collateral desmo-
pathies or cruciate desmopathies. With reference to the
normal appearance of uninjured menisci (Fig. 10.23) several
types of lesion can be seen, such as tears (Fig. 10.24), 
deformation (Fig. 10.25), collapse, prolapse, dystrophic
mineralization, and bone metaplasia.5

Articular margins, cartilage, and subchondral bone lesions
can be shown with ultrasonography, which represents a very
valuable complementary technique to radiography for a more
complete assessment of joint injuries.5,13 This technique is very
sensitive to any periarticular bone remodeling and osteophyte
formation (see Fig. 10.13). Articular cartilage can only be
examined when the joint surface is exposed to the ultrasound
beam (Table 10.1; Fig. 10.26). Ultrasonography provides 
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Fig. 10.20
Six-year-old Selle-Français female. Sagittal section of the dorsal
aspect of the fetlock (proximal to the left). Mild synovial fluid
distension of the dorsal recess of the metacarpophalangeal joint
allowing a nice representation of the proximodorsal synovial
fold and metacarpal articular cartilage of the fetlock joint.

Fig. 10.19
Four-year-old French Trotter filly. Severe chronic desmopathy
of the medial collateral ligament of the right hind fetlock.
(A) Transverse section of the normal lateral (left) and injured
medial (right) collateral ligaments of the affected fetlock.
(B) Longitudinal section of the injured medial collateral
ligament (proximal to the left).The superficial layer of the
ligament is tremendously thickened with a very
heterogeneous echogenicity and loss of fiber pattern.

Fig. 10.21
Four-year-old French Trotter male. Sagittal section of the
dorsal aspect of the fetlock (proximal to the left). Severe
chronic proliferative synovitis of the proximodorsal synovial
fold (arrows) of the fetlock joint.



Fig. 10.22
Four-year-old French Trotter male. Sagittal section of the dorsal
aspect of the fetlock (proximal to the left). Capsulitis of the fetlock
joint. (A) Sagittal section dorsal to the metacarpal condyle.The
capsule has a normal appearance. (B) Sagittal section dorsal to the
metacarpophalangeal joint space and proximal aspect of the
proximal phalanx.The capsule is thickened and hypoechogenic with
alteration of its fiber pattern; a small enthesophyte can be seen on
the dorsal aspect of the proximal phalanx (arrow). (C) Transverse
section at the level of the enthesophyte (arrow) on the dorsal
aspect of the proximal phalanx, showing thickening and
hypoechogenicity of the capsule. P1, proximal phalanx.
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Fig. 10.24
Eight-month-old French Trotter filly. Longitudinal
ultrasonographic scan performed at the medial aspect of the
stifle (proximal to the left). Severe acute tears of the medial
meniscus demonstrated as hypoechoic horizontal and vertical
lines dividing the meniscus into three parts.

Fig. 10.23
Five-year-old French Trotter male. Reference transverse
ultrasonographic image of the medial meniscus obtained from
a longitudinal scan performed at the medial aspect of the stifle
(proximal to the left). The meniscus presents a triangular
echogenic appearance between the medial femoral (left) and
tibial (right) condyles.

B
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diagnostic information on the cartilage surface (fibrillation,
defect), the deep limit with the subchondral bone (defect of
ossification, subchondral osteolysis), and the structure of the
cartilage in surfaces where it is thick enough (e.g. femoral
trochlea and condyles). With high-definition probes, the carti-
lage thickness can be measured, and complete, as well as partial,
defects can be documented. A cartilage lesion must be consid-

ered if ultrasonographic examination reveals the presence of
periarticular osteophytes, joint distension with synovitis or
echogenic spots in the synovial fluid.
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Joints Weight bearing Flexion Main limitations

Fetlock joint Dorsal aspect of the Distal aspect of the • Proximal surface of 
metacarpal condyle metacarpal condyle proximal phalanx

• Articular surface of the
proximal sesamoid bones

• Plantar aspect of the
metacarpal/tarsal condyle

Antebrachiocarpal Articular margins Most of the distal Proximal surface of the
joint surface of the radius proximal row of the carpus

Middle carpal Articular margins Most of the proximal Distal surface of the proximal 
joint surface of C3 row of the carpus

Shoulder Articular margins and Flexion and adduction: Distal surface of the scapula
peripheral part of the lateral part of the Medial part of the
humeral head humeral head humeral head

Tarsocrural joint Dorsal aspect of the Plantar aspect of the Distal surface of the tibia
trochear ridges of the trochear ridges of the
talus talus

Femoropatellar Trochear ridges of the No more Articular surface of the
joint femur patella

Femorotibial Articular margins and Femoral condyles Tibial condyles
joint abaxial surfaces of the

femur and tibia

Table 10.1 Ultrasonographic access to articular surfaces in horses

Fig. 10.25
Ten-year-old show jumper, Selle-Français female. Longitudinal
ultrasonographic scan performed at the medial aspect of the
stifle (proximal to the left). Severe periarticular remodeling of
the medial femoral condyle. Compare to the shape of the
condyle in Fig. 10.23.

Fig. 10.26
Ten-year-old Thoroughbred gelding used in flat racing.
Reference parasagittal ultrasound image of the medial femoral
condyle, made on the flexed stifle (proximal to the left).The
hypoechogenic articular cartilage separates the articular
capsule and the regular hyperechogenic subchondral bone
surface.



The normal subchondral bone surface is imaged as a
regular hyperechogenic line.5,17 This line is interrupted by
subchondral bone cysts, which are imaged as subchondral
bone depressions (Fig. 10.27). Sensitivity of utrasonography
to detect subchondral bone defects is high, and is often supe-
rior to radiography. This technique is also very sensitive to sub-
chondral bone lysis (Fig. 10.28). In the proximal regions of
the limbs, the diagnosis of bone fracture is easier with ultra-
sonography than with radiography, especially in field practice.
Transrectal examination of the medial aspect of the acetabu-
lum allows diagnosis of acetabular fracture (Fig. 10.29) on
the standing horse avoiding the need for a radiographic exam-
ination in dorsal recumbency under general anesthesia,
which presents a risk for the patient.

Ultrasonography brought new significant knowledge in the
causes of lameness and poor performance in horses involving
the foot, back and pelvis.18,19 In the foot, the diagnosis of
suprasesamoidean deep digital flexor tendinopathy, as well as
distal enthesopathy of this tendon on the flexor surface of the
distal phalanx, can be acheived with adequate probes and tech-
nique (Fig. 10.30).15,18 Distal impar sesamoidean desmopathy
and enthesopathy can also be diagnosed with a distal approach
of the foot through the frog (Figs 10.31, 10.32). Routine 
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Fig. 10.27
Two-year-old Thoroughbred colt. Parasagittal ultrasound scan
showing a large subchondral cyst (arrows) of the medial
femoral condyle.The dotted line was drawn to measure the
depth of the lesion.

A B
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Fig. 10.28
Five-year-old French Trotter gelding. Subchondral osteolysis of the medial metacarpal condyle of the right fetlock. (A) Transverse
ultrasound scan of the metacarpal condyle showing a focal subchondral osteolysis of the medial condyle (arrows). (B) Parasagittal
ultrasound scan of the medial metacarpal condyle confirming the subchondral osteolysis (arrows). (C) Subsequent proximodistal
radiographic projection of the flexed fetlock demonstrating the severe subchondral osteolysis of the medial metacarpal condyle
(arrows). (D) Thermographic image demonstrating a colder area over the medial metacarpal condyle of the right fetlock.
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Fig. 10.30
Ten-year-old show jumper, Selle-Français stallion. Suprasesamoidean tendinopathy of the deep digital flexor tendon (DDFT). (A)
Lateromedial radiographic projection of the affected foot showing remodeling of the proximal border of the distal sesamoid bone
(arrow). (B) Proximopalmar–distodorsal radiographic projection of the distal sesamoid bone showing a normal flexor surface. (C)
Transverse ultrasound scan of the DDFT using a proximopalmar approach of the navicular apparatus, the probe being placed at the
most distal aspect of the pastern.The medial part of the DDFT (on the left) is thickened (compare to the lateral part, on the right)
and presents deep abnormal echogenic material indicative of dystrophic mineralization (arrow). (D) Medial parasagittal ultrasound
scan of the DDFT using a proximopalmar approach of the navicular apparatus.The medial part of the DDFT is thickened (its two
borders are convex) and presents deep abnormal echogenic material indicative of dystrophic mineralization (arrow).

Fig. 10.29
Two-year-old French Trotter filly. (A) Transrectal ultrasound scan of the medial aspect of the acetabulum showing an echogenic
fracture line (arrow) interrupting the bone surface of the coxal bone. (B) Subsequent radiographic examination of the hip area on
the standing patient demonstrating the acetabular fracture and moderate displacement of the bone fragments (arrows).

B



transrectal ultrasonographic examination of the lumbosacroil-
iac area provides valuable diagnostic information on the causes
of hind limb gait irregularities and poor performance in ath-
letic horses.19 Sacroiliac degenerative lesions can be demon-
strated (Figs 10.33, 10.34). Lumbosacral disk degenerative
lesions have been diagnosed in clinical cases and documented
in horses subsequently examined post-mortem (Fig. 10.35).18

Other abnormal findings observed in athletic horses include
lumbosacral ankylosis, disk dystrophic mineralization, bone
lesion involving the vertebral fossa of the last lumbar vertebra
and lumbosacral subluxation (Fig. 10.36).
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Fig. 10.34
Six-year-old Selle-Français stallion.Transrectal ultrasound scan
of the ventral aspect of the sacroiliac joint.There is marked
remodeling and elevation of the articular margins of the joint
indicative of sacroiliac degenerative disease.
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2

Fig. 10.31
Four-year-old French Trotter gelding. Reference ultrasound
scan of the distal aspect of the navicular apparatus imaged
through the frog.The distal impar sesamoidean ligament (1) is
more echogenic than the deep digital flexor tendon (2).

A

Fig. 10.32
Eleven-year-old show jumper, Selle-Français gelding.
Desmopathy and enthesopathy of the distal impar
sesamoidean ligament (DISL). (A) Lateromedial radiographic
projection of the affected foot showing remodeling and
osteolysis of the distal border of the distal sesamoid bone
(arrows). (B) Ultrasound scan of the distal aspect of the
navicular apparatus imaged through the frog.The DISL (1) is
completely anechogenic and severe bone remodeling is
present at its proximal and distal attachments (2).
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Fig. 10.33
Six-year-old French Trotter gelding. Reference transrectal
ultrasound scan of the ventral aspect of the sacroiliac joint.
The articular margins of the sacrum (1) and ilium (2) are
smooth and regular and the ventral sacroiliac ligament is
echogenic (3).
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Ultrasonography requires considerable knowledge of soft
tissue anatomy15,17 as well as a precise and rigorous tech-

nique. As there are many breed and individual variations in
the size of anatomical structures, each specific element must
be compared with the equivalent one on the opposite limb or
with the more cranial and caudal ones in the neck and back.
If a lesion is suspected it must be demonstrated on longitudi-
nal and transverse sections, and the findings must be differ-
ent from the equivalent unaffected structure when the same
approach is made.

The acoustic impedance of bone and air is responsible for
the main limitations of ultrasonography. Because of that, the
deep internal architecture of bones and lungs cannot be
imaged and the access to abdominal viscera is incomplete.
Regarding the musculoskeletal system, ultrasonography is
limited for a complete representation of the internal structures
of the foot, the medial aspect of the shoulder, the cruciate liga-
ments within the intercondylar fossa of the femur, the
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Fig. 10.36
Three-year-old French Trotter female. Lumbosacral
subluxation (spondylolisthesis).There is ventral displacement
of the sacrum (S1, on the right) relative to the sixth lumbar
vertebra (L6, on the left).

Fig. 10.37
Palmar aspect of the forelimbs of a 7-year-old French Trotter
female with an acute episode of suspensory desmitis on the
left limb.The palmar aspect of the left metacarpal area is
approximately 4°C warmer than the right one.

Fig. 10.35
Six-year-old French Trotter female. Severe lumbosacral
intervertebral disk degeneration. (A) In vivo median transrectal
ultrasound scan of the ventral aspect of the lumbosacral joint.
Only the ventral part of the disk is echogenic; the dorsal part is
completely anechogenic (arrows). (B) Post-mortem frozen
specimen of the same intervertebral disk imaged on a median
section.There is disruption of the disk fibers with fluid
accumulation in the dorsal part of the disk.
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interosseus sacroiliac ligament and the interosseus ligaments of
the carpus and tarsus. Limitations of ultrasonography in the
evaluation of the articular cartilage include: the limited access
to articular surfaces in congruent and low mobile joints (see
Table 10.1); the lack of precise information on architectural
changes and the need for high-definition probes for evaluation
of thin articular cartilage such as in the distal part of the
metacarpal condyle.

Today, for the assessment of equine musculoskeletal
diseases, ultrasonography must be used in conjunction with
radiography on most of the clinical cases requiring an
imaging evaluation. With the constant technological
improvement of ultrasound imaging equipment, the use of
this modality will be applied to new anatomic areas with new
approaches. Therefore, this technique will continue to
advance the progress in equine veterinary diagnosis and
science and will expand its use for the management of ath-
letic horses.

Topographical techniques

Two techniques, thermography and nuclear scintigraphy,
can be used in conjunction with the clinical examination in
an attempt to identify the location of pathological
processes.

Thermography

Using infrared cameras, complete thermal imaging of the
horse body or a focused evaluation of a precise area is easy to
perform.20 In all cases, image acquisition must be done under

standardized conditions. As interpretation is mainly based on
the comparison of symmetrical areas, the horse limbs must
be placed symmetrically, without lateral or medial rotation.
During image acquisition of the axial regions, the horse must
stand square while the camera is strictly placed in the median
plane.

Much emphasis has been placed on the detection of acute
inflammatory processes (Figs 10.37, 10.38) and this proce-
dure seems useful in the detection of early changes in the
flexor tendons in horses in training or competition.20 In
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Fig. 10.38
Palmar aspect of the forelimbs of an 8-year-old show jumper,
Selle-Français male with a recent left front limb lameness and
a mild swelling at the palmaromedial aspect of the carpus.This
area presents an increased skin temperature compared to the
opposite (arrow). Utrasonographic examination showed that
the horse had a rupture of the flexor retinaculum.

Fig. 10.39
Plantar aspect of the hind limbs of a 14-year-old Grand Prix
show jumper, Selle-Français gelding with a chronic proximal
enthesopathy of the left suspensory ligament.The
plantaromedial aspect of the left hock and proximal metatarsal
area is mildly warmer than the opposite ones (same horse as
Fig. 10.47).
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Fig. 10.40
Palmar aspect of the forelimbs of a 6-year-old steeplechaser
Thoroughbred gelding who presented a severe right
superficial digital flexor tendinitis 12 months before this image
was made.The skin temperature of the right tendon region is
colder than the opposite one (arrow) indicating a good
tolerance of the exercise level of activity during the
reconditioning program.
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Fig. 10.41
Imaging documentation of a 6-year-old Thoroughbred gelding who presented an acute and severe lameness of the right hind limb
during a flat race 10 days before the examination. (A) Dorsal aspect of the back and pelvis showing a cold area over the right side
of the croup. (B) Bone phase scintigraphic image of the dorsal aspect of the pelvis. Increased radioisotope uptake is observed over
the right ilial wing close to the sacroiliac joint (arrows). (C) Transverse ultrasound scan of the right side of the croup showing a
sagittal fatigue fracture (arrows) with callus formation of the ilial wing.The cold cutaneous area observed on the thermogram (A)
can be related to sympathetic reflex in the affected region as well as disuse of the painful structures.



chronic processes, the diagnostic value of thermography is
more limited (Fig. 10.39), and in many cases, cold spots can
be seen over the injured areas (see Fig. 10.28D). Thermo-
graphy is useful for follow-up of horses returning to training
after suffering tendinopathies (Fig. 10.40). Alteration of the
skin temperature may also be induced by nerve reflex
(Fig. 10.41) or nerve irritation or injury (Fig. 10.42).

Thermography is completely non-invasive and easy to 
use. Thermograms are real-time images, easy to read and
understand by horse owners. This method is useful for 
documentation of a lesion and presents a pedagogical point-
of-interest to support the discussion of the pathophysiology of
a disease process.

The diagnostic value of this method has been actively pro-
moted in the veterinary market during the last 10 years.
Nevertheless, thermography presents some limitations,
including the lack of sensitivity to deep lesions and chronic
processes, and a lack of specificity because of interference,
with many artifacts. Therefore, interpretation of the images
must be done carefully to avoid false-negative and false-
positive diagnoses.
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Fig. 10.42
Thermogram of the dorsal aspect of the back and neck of a
10-year-old show jumper, Selle-Français female with severe
osteoarthrosis in the caudal cervical spine.A symmetric hot
area can be seen in the withers receiving the ultimate endings
of the dorsal rami of the caudal cervical spinal nerves.
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Fig. 10.43
Five-year-old French Trotter male presenting a chronic right front limb lameness at low and high speeds, improved after analgesia of
the proximal suspensory ligament.There is intense radioisotope uptake in the metacarpal condyle of the left front fetlock (arrow),
which was interpreted as a secondary compensating change induced by functional overload.



Nuclear scintigraphy

Bone scintigraphy is based on the detection of the fixation of
polyphosphonate molecules labeled with technetium on bone
sites undergoing active remodeling.21 The bone tracer binds on
the hydroxyapatite crystals of newly forming bone. The detec-
tion of bone radiation activity is made using a gamma camera.

Scintigraphy is indicated in many clinical situations, the
two most common indications being a complete whole-body
scan (‘locomotor check-up’) in horses presented because of
poor performance without obvious lameness, and investiga-
tion of a specific lameness that is difficult to diagnose. Other
common indications include detection of mutiple sites of
pain, identification of back and pelvis osteoarticular injuries,
investigation of non-blockable lameness and examination of
hind limb (or front limb) lamenesses in dangerous horses.

After injection of the radiolabeled phosphonate, complete
osteoarticular scintigraphic examination consists of three
phases.22,23 The vascular phase occurs immediately after
injection. Because of this, the camera must be placed against
the most clinically interesting region before performing the
injection. The second phase is the soft tissue phase and
images must be made within 10 to 15 min after injection.
Soft tissue phase scintigraphy provides information regarding
injuries such as tendinitis,23 synovitis, or bursitis.24 The bone
phase examination, the third phase, is usually performed 3 h
after injection.

The technique of image acquisition and interpretation has
been described in several papers21,23 and only specific com-
ments are made in this chapter. Physical exercise before injec-
tion of the marker is highly recommended to increase
distribution of the marker in the distal and middle parts of
the limbs as well as in the regions presenting lesions or com-
pensating stresses. Longeing for 15 min is effective for sport
horses.25,26 In race horses, and especially in Trotters, exercise
on the track is preferable because it reproduces the bio-
mechanical conditions responsible for the athletic problems
of the patient.

Interpretation of the scintigraphic images is based mainly
on the detection of radiopharmaceutical uptake (‘hot spots’).
The distribution and intensity of bone uptake is dependent on
the individual horse, age, conformation,26 locomotion as well
as the discipline in which the horse is used.27 Therefore, it is
critical to compare carefully the radioisotope uptake pattern
of homologous limbs and symmetric areas of the same
patient to appreciate the significance of each site. To do that,
it is important to get absolutely symmetric images during
image acquisition (same frame, same 3D orientation, same
distance). Positioning of the horse, of the limb (or back), and
placement of the camera must therefore be standardized.

The amount of radiation detected by the camera is
dependent on morphologic parameters (bone size), physio-
logic parameters (bone remodeling), and the thickness of
overlying soft tissues. The amount of radioisotope uptake of a
particular location depends on the blood distribution (bone
perfusion) of the radiopharmaceutical and on the degree of
bone remodeling of this site. Therefore, scintigraphy provides
physiopathologic information. Bone remodeling increases

under physiologic conditions (exercise level, increased bio-
mechanical stresses) and pathologic conditions such as
active bone lesions. Presence of a painful area in a limb
induces higher stresses on the opposite limb. Because of that,
higher radioisoptope activity can be detected in the sound
limb (Fig. 10.43) compared with the lame limb (compensa-
tion on the opposite limb). When an inflammatory process is
responsible for the lameness (Fig. 10.44) the increased blood
supply delivers more radiopharmaceutical to this limb
(increased perfusion in the same limb).27 These physiopatho-
logic factors must be considered in the interpretation of the
scintigraphic scans to avoid misdiagnosis. Identification of
these factors and interpretation of the uptake distribution
underline the need for a precise clinical examination, which
must be done before and after the scanning procedure.
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Fig. 10.44
Five-year-old Trackener male used for dressage presenting a
right front limb lameness with clinical, radiographic,
ultrasonographic and MRI findings (same horse as Fig. 10.50)
of podotrochlear syndrome (navicular disease). (A) There is
increased radioisotope uptake in the navicular area of the
right limb (arrow), but all the more proximal regions are more
active than their left equivalent regions. (B) Quantification
allows determination that the ratio of relative activities of
right versus left regions is higher in the foot than in the more
proximal regions.



Identification of lesions is based on increased radioisoptope
uptake due to the more intense remodeling taking place in
bone injuries such as fractures, stress fractures,28,29 entheso-
pathies30 or osteophyte production. This interpretation can be
done subjectively or objectively using software designed for
quantification of the radiation activity (e.g. Hermes, from
Nuclear Diagnostics, Gravesend, UK).26 Correct interpretation
of the scintigrams requires precise anatomic and topographic
landmarks of the region examined, especially for deep struc-
tures.31 Besides, not every region of increased uptake is neces-
sarily correlated to pain (false-positive information).
Conversely, it is likely that some chronically painful areas,
such as in the back, do not show significant uptake because of
attenuation by overlying muscle (false-negative information).

Although skeletal muscle damage has been diagnosed
with scintigraphy,32 this technique is especially useful for
identification of bone trauma (contusion, stress, microfrac-
tures) without or with discrete radiographic manifestation.29

These lesions can be seen in the cuboidal bones of the carpus
and tarsus (Fig. 10.45) as well as in epiphyses such as the
distal metacarpal or metatarsal condyles and distal radial
condyle. In race horses, this procedure is also very useful for
the detection of cortical bone stress fracture such as in the
third metacarpal and metatarsal bones, tibia, radius and
humerus. In the pelvis, complete fracture may be difficult to
diagnose without scintigraphy (see Fig. 10.41). Some sub-
chondral bone cysts can present very intense radiosotope
uptake, especially in the medial femoral condyle, proximal
radius and distal epiphysis of the proximal phalanx.

Scintigraphy is also indicated for the detection of
osteoarthrosis in low-motion joints (distal tarsus, proximal
interphalangeal joint, back) where the involvement of the
subchondral bone is often essential (Fig. 10.46). In the distal
tarsus, when several joints (tarsometatarsal, distal inter-

tarsal, proximal intertarsal joints) present concomitantly
abnormal radiographic findings, scintigraphy allows determi-
nation of which site is undergoing the most active remodel-
ing process. In the thoracolumbar spine, scintigraphy is
useful in establishing the clinical significance of abnormal
radiographic findings involving the spinous processes (see
Fig. 10.11), the articular processes (Fig. 10.46) or the verte-
bral bodies (spondylosis). Many recent or chronic entheso-
pathies demonstrate an increased radioisotope uptake in the
bone insertion surface. This has been observed in the proxi-
mal and distal insertions of the suspensory ligament (third
interosseus muscle) in both the front and hind limbs
(Fig. 10.47) as well as in the insertion surface of collateral
ligaments in several joints.

Quantification of the radiation activity (Fig. 10.48) 
provides objective data on the remodeling intensity during the
follow-up of specific lesions. It allows evaluation of the efficacy
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Fig. 10.45
Four-year-old French Trotter female. Scintigraphic image of the
right hock superimposed on a lateromedial radiographic
projection. Increased radioisotope uptake is present in the
third tarsal bone (T3).There were no radiographic
abnormalities found on a complete study.This observation
was indicative of bone stress of T3.
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Fig. 10.46
Ten-year-old Grand Prix show jumper, Selle-Français stallion
presenting an active osteoarthrosis of a synovial intervertebral
joint and articular processes in the lumbar area. (A) Oblique
scintigraphic image of the lumbar area. Intense radioisotope
uptake is observed in the articular processes of the
intervertebral joint between the second (L2) and third (L3)
lumbar vertebra (arrow). (B) Radiographic image of the
lumbar area of the same horse.An extensive periarticular
bony proliferation can be seen over the articular processes of
the L2–L3 joint space (arrows).
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of treatments and to provide recommendations regarding the
physical exercise level of activity of the affected horse.

Scintigraphy presents specific advantages compared to
other imaging techniques. It permits a complete screening of
the whole body of the horse and detection of lesions that
cannot be identified by other methods. There is no regional
limitation with this technique, except the access to the medial
aspect of the limbs and deep structures such as the pelvic
symphysis.

Apart from its cost, the main limitation of bone scintigra-
phy is the low sensitivity to soft-tissue injuries, although inci-
dental radioisotope uptake may be observed in damaged
tendons or skeletal muscles. It is likely that the uptake of deep
vertebral lesions such as spondylosis and vertebral osteo-
arthrosis between the articular processes is attenuated by the
thick dorsal epiaxial muscles of the horse. Besides, this proce-
dure seems to have a quite poor sensitivity to old or chronic
osteoarticular problems such as periarticular osteochondral
fragmentation. It must be also recognized than some ‘silent’
lesions could be painful and have a clinical significance.
Therefore, scintigraphy does not replace a good clinical exami-
nation, which remains essential for interpretation of the
scintigrams. The conclusions of the clinical and scintigraphic
examinations must be assessed using diagnostic analgesia
techniques. Besides, the definitive diagnosis of the lesion and
determination of its severity requires the use of other imaging
techniques such as radiography, ultrasonography as well as CT
and MRI when indicated and available.

Advanced techniques

Computed tomography

Because of the limited access of the horse body in machines
designed for human patients, computed tomography (CT
scanning) has the same anatomic limitations as MRI.

In a specific region of interest, the image is produced after
quantification by a series of detectors of an X-ray beam pass-
ing through a slice of the examined anatomical area.33–35

The different anatomic tissues, presenting specific X-ray
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Fig. 10.47
Fourteen-year-old Grand Prix show jumper Selle-Français gelding with a chronic left hind limb lameness (same horse as Fig. 10.39).
Superimposition of the radiographic and scintigraphic images of the left hock. (A) Lateromedial radiographic projection and lateral
scintigram. (B) Dorsoplantar radiographic projection and plantar scintigram. (C) Lateromedial and dorsoplantar radiographic
projections demonstrating mild thickening of the plantar cortex of the proximal third metatarsal bone. Based on these findings, the
result of ultrasonographic examination and local analgesia, a diagnosis of chronic proximal enthesopathy of the left suspensory
ligament was established.

Fig. 10.48
Nine-year-old Grand Prix show jumper, Selle-Français stallion
presenting a bilateral proximal enthesopathy of the
suspensory ligament in the hind limbs. Scintigram of the
plantar aspect of both hocks. Marked increased radioisotope
uptake is present in the right proximal metatarsus and mild
uptake is seen on the left proximal metatarsus. Uptake
quantification was used to monitor the response to treatment
and to manage the horse’s level of physical activity.



absorption, are imaged on sequential slices of the scanned
region. The ability of the technique to detect slight difference
in X-ray absorption within tissues36 and manipulation of the
CT gray-scale provides a much better differentiation of soft
tissues than with conventional radiography. CT images can
be selectively displayed to highlight either bone structures or
soft tissues by adjusting window width and level as necessary
(bone or soft tissue display windows).

Because of the cross-sectional characteristics of this
imaging modality, superimposition or overlapping of different
tissues do not occur and this allows a real isolation (‘dissec-
tion’) of the lesion directly exposed without covering layers,
and therefore permits detection of small lesions inside a
volume. Digital assembling of adjacent tomographic images
allows reconstruction of new images in different anatomical
planes as well as 3D representation of bone and joint
surfaces.35

CT provides an exceptional imaging representation of
bone and joints. With this technique, detection of radio-
graphically occult fractures in the distal phalanx37,38 or in
fourth metacarpal bone35 has been achieved. CT presents an
extreme ability to detect variations of bone density,34,38,39

such as sclerosis and lysis of the subchondral bone,40 as well
as cancellous bone. The sensitivity of CT to subchondral bone
cysts34,35 and bone stress (fatigue fractures) is now well estab-
lished. Moreover, this technique can provide an excellent
spatial representation of fractures.41 Bone shape and contour
are precisely imaged allowing diagnosis of enthesophytes and
periosteal proliferative lesions.35

CT may also provide useful information on soft tissues,
especially in the foot where lesions involving the deep digital
flexor tendon such as abnormal shape, dystrophic mineral-
ization and enthesophytes can be identified. Because of the
capabilities of ultrasonography and MRI, the use of CT for
examination of soft tissues elsewhere than in the foot is
questionable. In humans, 3D CT angiography with volume-
rendering technique is now used for evaluation of intra-
cerebral aneurysms.42 In the future, it is likely that this
technique will allow evaluation of blood vessels in the foot,
such as in laminitic horses.

Magnetic resonance imaging

MRI represents the gold standard technique in human 
orthopedics, sport medicine and neurology.28,43–46 This
technique is based on the analysis of magnetic properties of
the tissues, All tissues are imaged on the MRI scans. It pro-
vides excellent anatomic information on cross-sections in
different planes. As a cross-sectional imaging modality, every
isolated slice can be imaged separately, thereby allowing
identification of small lesions, avoiding superimposition and
hiding of deep layers by superficial tissues.

In most applications of MRI, horses are examined using
devices designed for human patients.35,36,47,48 With open
machines,47 more areas can potentially be examined than
with tunnel machines and the positioning of the horse is
more flexible. High-magnetic-field machines (e.g. 1.5 T field
machine) provide better definition and quicker image acquisi-

tion than low-field equipment (e.g. 0.2 to 0.5 T fields),
without significantly affecting a difference in diagnostic
capabilities. With the use of human machines adapted to
equine patients, the procedure requires general anesthesia of
the horse and is time consuming. The cost and maintenance
of the facility is expensive and, above all, examination is cur-
rently limited to the distal and intermediate parts of the limbs
(from the foot to the carpus/tarsus) as well as to the head and
cranial part of the neck in adult horses. Equipment that may
image distal limbs while the horse is standing is currently
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Fig. 10.49
Eight-year-old dressage Selle-Français gelding presenting a
chronic bilateral front limb lameness for 3 years. Sagittal 
T1-weighted MRI scan of the left foot showing a focal area
with high signal in the palmar compact bone of the distal
sesamoid (navicular) bone (arrow).The horse also had clinical,
radiographic, and ultrasonographic findings of podotrochlear
syndrome (navicular disease).

Fig. 10.50
Five-year-old Trackener male used for dressage presenting
clinical, scintigraphic (same horse as Fig. 10.44), radiographic,
ultrasonographic and MRI findings of podotrochlear syndrome
(navicular disease).Transverse T1-weighted MRI scan of the
right foot.There is a focal area with high signal in the palmar
compact bone of the distal sesamoid (navicular) bone (arrow).



under development49 and will probably allow MRI to be more
available for horses in the future.

Images can be acquired in sagittal, transverse and frontal
planes using different sequences. The most commonly used
imaging sequences are T1-weighted spin echo and T2-
weighted turbo spin echo. Inversion–recovery sequences
designed to suppress the fat signal, therefore enhancing the
fluid signal, are used for bone imaging. It is especially useful
for evaluation of the subchondral bone.50 Mixed T2-/
T1-weighted 3D gradient echo sequences providing enhance-
ment of fluid are particularly indicated for identification of
articular cartilage lesion (arthrographic effect).

MRI is particularly sensitive for identification of bone
lesions (Figs 10.49–10.52).45 With T2-weighted and fat satu-
ration sequences the high fluid signal can clearly be identified
in contrast with the low signal in compact bone and fat 
(Figs 10.51, 10.52). This signal is produced by bone 
edema, inflammation, necrosis, fibrosis, and bone contusion
(or bruise) with marrow edema and trabecular damage.45

MRI is also very sensitive to changes in bone density, allow-
ing diagnosis of sclerosis and osteolysis, as well as subchon-
dral bone cysts, fracture lines, fatigue fractures and bone
stress.50 As for every cross-sectional imaging technique, MRI
provides detailed information on alteration of bone surfaces
for detection of periarticular osteophytes (Fig. 10.53) as well
as enthesophytes at insertion sites.

In the diagnosis of joint diseases,51 MRI has been demon-
strated to provide information about the integrity and patho-
logic status of the articular cartilage in equine cadaver
limbs15,52 as well as in patients.35,47,48 It is the only imaging
technique that permits detection of early and limited carti-
lage degeneration.53–55 MRI contrast arthrography with
gadolinium diluted with sterile saline injected into the syn-
ovial cavity of joints has been used to improve visualization
of articular cartilage. Dedicated sequences (for instance
mixed T2-/T1-weighted 3D gradient echo sequence) are now
available for direct and non-invasive imaging of this struc-
ture. MRI provides unique morphologic and biochemical
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Fig. 10.51
Eight-year-old show jumper Selle-Français gelding presenting a
chronic left front limb lameness. (A) Proximopalmar–distodorsal
(skyline) projection of the distal sesamoid (navicular) bone (DSB).
A discrete irregularity can be seen on the flexor surface of the
DSB (arrow). (B) Sagittal T2-weighted MRI scan demonstrating an
increased signal in the cancellous as well as palmar compact bone
of the DSB (arrow). (C) Lateral parasagittal T2-weighted MRI scan
demonstrating an increased signal in the cancellous as well as
palmar compact bone of the DSB (arrow).These MRI findings are
indicative of bone contusion in the palmar part of the DSB.

C
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Fig. 10.52
Radiographic and ex vivo MRI examination of the foot of a 5-year-old Selle-Français male who had a deep puncture wound over the
frog area of the left foot. (A) Lateromedial radiographic projection showing an osteolysis of the distal part of the distal sesamoid
(navicular) bone (DSB) and sclerosis of the distal phalanx and rest of the DSB. (B) Sagittal T1-weighted MRI scan of the same foot
showing abnormal hyposignal in the body of the DSB and distal phalanx compatible with bone sclerosis. Bone lysis is present at the
distal aspect of the middle phalanx, DSB, and in the subchondral bone of the distal phalanx.The distal part of the deep digital flexor
tendon (DDFT) is thickened and presents an abnormally intense signal (arrows). (C) Sagittal T2-weighted MRI scan of the same foot
showing abnormal loss of signal in the distal phalanx, DSB and distal middle phalanx. Intense signal indicative of edema is present in
the subchondral bone of both the middle and distal phalanx, as well as in the distal impar sesamoidean ligament (DISL) and DDFT.
(D) Post-mortem specimen showing the subchondral bone lysis of the distal phalanx and the extensive scar tissue formation within
the DISL and DDFT.The horse had septic arthritis of the DIP joint involving the DISL and a septic DDF tendinitis.



information on the articular cartilage. Its ability to acquire
images in any plane considerably increases its sensitivity.
MRI is also very sensitive to subchondral bone alterations
such as contusion, bone stress, and sclerosis. With the use of
fat suppression sequences, which eliminate the high fat
signal within bone marrow, subchondral bone edema, an
important feature of articular injuries, is better visualized.50

MRI is also very appropriate for the diagnosis of acute as
well as chronic tendon (see Figs 10.52, 10.54) and ligament
injuries providing an increased signal intensity on both 
T1- and T2-weighted sequences.36,52,56 The capacity of the
technique to detect edema as well as granulation or scar
tissue and to document the lesion in three planes represents
the main advantages of MRI compared to ultrasonography
or CT scanning. Because of the sensitivity of MRI for bone, as
well as tendon and ligament injuries, this technique has a
high diagnostic value for enthesopathies, involving collateral
ligaments (Figs 10.55, 10.56) tendons, or the interosseus
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Fig. 10.53
Frontal T1-weighted MRI scan of the distal interphalangeal
joint performed ex vivo on an isolated limb.A periarticular
osteophyte (arrow) involving the medial margin of the distal
phalanx can be seen in a site difficult to investigate with
radiography and ultrasonography.
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Fig. 10.55
Eight-year-old dressage, Selle-Français gelding presenting a
chronic bilateral front limb lameness for 3 years.Transverse
(A) and parasagittal (B) T1-weighted MRI scan of the right foot
showing severe alteration of bone signal at the proximal
attachment of the lateral collateral ligament.A diagnosis of
chronic proximal collateral enthesopathy of the distal
interphalangeal joint was made.

Fig. 10.54
MRI scans of the left foot of a 13-year-old Grand Prix show
jumper, Selle-Français gelding with a chronic bilateral front
limb lameness. (A) Sagittal and parasagittal T2-weighted MRI
scans demonstrating a longitudinal hyposignal lesion (arrow) in
the terminal part of the DDFT (left).The right image shows
that the most distal part of the DDFT is thickened with an
heterogeneous signal (arrow).These findings are indicative of
distal DDF tendinitis. (B) Frontal mixed T2-/T1-weighted 3D
gradient echo sequence scans of the same foot confirming the
heterogenous signal of the distal part of the DDFT.



muscle. Moreover, fluid distension involving the synovial
cavities (tendon sheaths, bursae, or joint cavities) is 
easily imaged especially in T2-weighted and mixed 
T2-/T1-weighted 3D gradient echo sequences (Fig. 10.57).
Because of its cross-sectional characteristics, in axial regions,
MRI can reveal the asymmetric appearance of structures

within the head or vertebrae that are difficult to demonstrate
with radiography (Fig. 10.58).

This technique is indicated when the site of the lesion(s) is
clearly identified and other imaging procedures do not
provide a conclusive diagnosis. Unfortunately, as mentioned
above, MRI is limited to anatomic regions that can be placed
into the machine.

Providing specific information on both soft tissues and
bone components, MRI is the most informative diagnostic
imaging procedure available for all areas that are accessible
with the device. In metacarpal (tarsal) areas and pastern,
with the progressive improvement of ultrasound machines,
ultrasonography challenges MRI for the diagnosis of tendon
lesions (except insertion sites). Knowing the sensitivity of
MRI to detect small bone, cartilaginous, tendon, and liga-
ment lesions, we need to adapt our interpretation and, again,
reconsider the clinical examination to establish the real
clinical significance of any abnormal finding.

Conclusion

Diagnostic imaging of musculoskeletal conditions is a 
permanently evolving field; several imaging modalities are
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Fig. 10.56
Four-year-old Selle-Français female presenting a chronic left
front limb lameness for 6 months. Parasagittal T1-weighted
sequence (left), transverse inversion–recovery sequence
(bottom) and frontal inversion–recovery sequence (right) MRI
scans of the left foot showing an enthesophyte (arrow, left)
and severe alteration of bone signal (arrow, right) at the distal
attachment of the lateral collateral ligament.A diagnosis of
chronic distal collateral enthesopathy of the distal
interphalangeal joint was made.

Fig. 10.57
Five-year-old Trackener male used for dressage presenting
clinical, scintigraphic, radiographic, ultrasonographic and MRI
findings of podotrochlear syndrome (navicular disease) in the
right front limb (same horse as Figs 10.44 and 10.50). Sagittal
and transverse T2-weighted sequence images showing an
extensive fluid distension of the podotrochlear bursa.
Intrasynovial analgesia of this bursa using 1.5 mL of local
anesthetic solution resolved the lameness.

Fig. 10.58
Transverse T1-weighted MRI scan of the neck of a 6-month-old
foal presenting a wobbler syndrome.There is marked
asymmetry of the articular processes between the fifth and
sixth cervical vertebrae.The hypertrophic articular processes
present a loss of signal compatible with bone sclerosis. On the
same side, there is marked dorsolateral stenosis of the
vertebral canal inducing compression of the cervical spinal cord.



now available for equine patients and therefore a rational 
utilization of each of them is essential. The use of different
techniques for a better analysis of the same lesion increases
the knowledge of the advantages and limitations of each of
them and underlines the need for combining several proce-
dures to reach a better diagnosis.

As radiography and ultrasonography present complemen-
tary advantages, they should be used in conjunction as basic
imaging modalities in most clinical situations in field practice.
With this combination, a re-evaluation of several ‘well
known’ dogmatic pathologic entities and identification of
many new clinical entities have already been made.

Apart from the diagnostic aspect, another development 
of imaging techniques is interventional imaging. Ultra-
sonography has now been incorporated in the treatment of
several musculoskeletal conditions through ultrasono-
graphic guided injections of synovial joints in the cervical
and thoracolumbar spine or intrasynovial injections in joints,
tendon sheaths, or bursae.

Unfortunately, at present, advanced technologies such as
CT and MRI are available only in a limited number of equine
referral centers. Nevertheless, they have already provided
new data, allowing a better appraisal of the indications and
limitations of radiography and ultrasonography. In the
coming years, further technological progress in each modal-
ity will continue to provide better image quality. Development
of 3D representation of lesions will improve in MRI, CT scan-
ning, and ultrasonography. Communication between referral
centers and equine practitioners will also be easier with com-
puted or digital images. With this evolution, a better diagno-
sis and management of our patients will be possible, but we
will have to avoid performing only an ‘instrumental medi-
cine’, where images are manipulated and patients forgotten.
In the teaching of new generations of practitioners, we have
to keep an emphasis on the clinical examination, to make
young colleagues think about the horse, not only discuss  the
images.

In the near future, another important aspect of diagnostic
imaging in horses will be the need to establish the most
adequate imaging protocols for specific clinical problems. In
practice, the objective is to reach the diagnosis with the most
appropriate technique(s), considering the ratio of informa-
tion to cost as well as the impact of more information on the
potential subsequent management of the condition. In the
mean time, comparative or combined imaging for better
documentation of musculoskeletal conditions is required to
increase knowledge of pathologic processes and to establish
the most effective diagnostic protocols.
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● The clinical investigation should have confirmed that the
joint is the cause of lameness.

● The advantages to the patient of performing the procedure
must outweigh the disadvantages.

● Where radiography and ultrasonography show no abnor-
malities and conservative treatment has failed, arthro-
scopy may be indicated as a diagnostic and potentially
therapeutic option.

● Radiographic or ultrasonographic findings indicate that
arthroscopy is the most appropriate course of action.

● Despite absence of radiographic or ultrasonographic
findings, the joint injury is clinically so severe that
arthroscopy is indicated as a primary course of action.

General points

Arthroscopic surgery should always be performed under
strict aseptic conditions. Good-quality equipment is essential.
A poor image or inadequate instrumentation can signifi-
cantly compromise the surgery. Details of arthroscopic equip-
ment are beyond the scope of this chapter but can be found in
other texts.1 The narrative in this chapter is based on the use
of a 4 mm diameter telescope with a 25° lens angle. The
surgeon should have a good anatomical knowledge and the
necessary hand–eye co-ordination demanded by arthroscopy,
best achieved by cadaver practice, before embarking on the
clinical case. Fatigue affects the quality of surgery so it is
important to ensure that the horse is positioned to enable the
surgeon to operate comfortably.

Portals should be placed precisely to ensure that the surgi-
cal goals can be achieved as effectively as possible. Unless
distension of the joint affects the landmarks, such as in the
carpus, distension with sterile polyionic fluid prior to making
the first incision is preferable. The skin incision should be
wider than the incision into the joint capsule in order to
reduce the possibility of subcutaneous extravasation of fluid
during the surgery. The incision into the joint capsule for the
introduction of the arthroscope sleeve and the conical obtu-
rator is made with a no. 11 scalpel blade. Because of the risk
of damaging the articular cartilage, sharp trocars should
never be used for this. The arthroscopic sleeve and obturator

Introduction

Since the 1980s arthroscopy has become an important tool
for the diagnosis and treatment of orthopedic disorders of
many synovial spaces in the horse. It has several advantages:
it is minimally invasive and, as a technique, has a low mor-
bidity when compared to arthrotomy; it provides detailed
information on arthroscopically accessible intrasynovial
structures that cannot be obtained by radiography, ultra-
sonography or magnetic resonance imaging; it permits direct
treatment of many injuries to these structures and concur-
rent removal of degradatory inflammatory enzymes by
lavage. The main disadvantages are the necessity for general
anesthesia, the expense of the equipment required for the
procedure and the difficulty of the technique.

Indications

While there are many obvious and specific indications for
arthroscopic surgery in the horse, there are several general
points that may help decide if the procedure is indicated.

Arthroscopic examination and
surgery
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are usually positioned at the site where the examination of
the joint will begin before replacing the obturator with the
telescope and attaching the light cable, camera and fluid
system. When using an arthroscope it is very important to
maintain the camera in the vertical plane so that the orienta-
tion of the image on the monitor is always the same as that in
the joint. Oblique lenses widen the range of the telescope and
increase triangulation.

The placement of the instrument portal is best determined
by simulating the positioning of the instruments with a hypo-
dermic needle. For ease of triangulation the instrument
portal should be as far as possible both from the lesion to be
operated and from the arthroscopic portal.

The treatment of lesions within the joint depends on the
type of lesion. Bone fragments may require separation from
the parent bone with an osteotome or dissection off their soft
tissue attachments with a sharp instrument such as a menis-
cal knife or an O’Connor punch. It is wise never to free the
fragment completely before removal in order to avoid it
floating free into the joint. Ferris Smith rongeurs are ideal for
removing fragments and several cup sizes are necessary
ranging from 2 × 10 mm to 6 × 12 mm. When removing
large fragments through the joint capsule, widening of the
incision by sharp dissection may be necessary as the frag-
ment is withdrawn. The debridement of soft tissue lesions
such as infected synovial villi or torn ligamentous tissue can
effectively be performed using a motorized synovial resector
or a scissor-action punch instrument. Rongeurs tend to tear
rather than cut soft tissue.

The correct treatment of articular cartilage lesions is still
controversial: full-thickness defects should be curetted to
healthy subchondral bone and micropicking of denuded
bone is recommended by some.2 Partial-thickness defects
should be trimmed superficially, leaving intact tissue in situ
but ensuring that all loose cartilage is removed. The use of
radiofrequency instrumentation for debridement of soft
tissue and articular cartilage lesions may have a place in
equine arthroscopy but is still under evaluation.

Complications of arthroscopic surgery include infection,
subcutaneous extravasation of fluid and instrument break-
age. The most serious, postoperative infection, is rare but
potentially catastrophic and emphasizes the importance of
strict aseptic technique. Subcutaneous extravasation of fluid
during surgery can hamper an arthroscopy by compressing
the intra-articular space. Several technical points will help to
avoid this: the skin incision should be large enough to allow
excess fluid to escape through the skin incision rather than
into the subcutaneous space; it should be kept in line with the
incision into the joint capsule by avoiding too much flexion or
extension of the joint once the portal has been made; and the
flow of fluid should be maintained at the minimum necessary.
A magnet for retrieval of a broken instrument should always
be available. Old instruments and fine scalpel blades are the
most susceptible to breakage. Scalpel blades can also be lost
when creating portals for joints that are well covered with
muscle, such as the shoulder joint or suprapatellar pouch of
the femoropatellar joint. Using handles that are wider than
the scalpel helps to prevent the hilt of the blade catching on
tissue as the blade is withdrawn.

Synovial sepsis is an important indication for endoscopy of
all the synovial spaces included below.

The carpus

Middle carpal joint

Positioning

Most surgeons prefer the horse in dorsal recumbency for
easier access to both sides of the joint, but the surgery can
be performed with the horse in lateral recumbency, prefer-
ably with the affected leg up. Active flexion and extension of
the limb should be possible during surgery. The carpus
should be flexed at 90°. The surgeon operates from the
dorsal side and the arthroscopy equipment tower is placed
behind the limb.

Arthroscopic approach

The standard arthroscope portal for the middle carpal (MC)
joint lies on its dorsal surface in the center of the depression
between the common digital extensor (CDE) tendon, the
extensor carpi radialis (ECR) tendon and the middle and
distal rows of carpal bones. The skin incision is made prior to
distending the joint since the landmarks are more recogniza-
ble at this stage. The examination of the joint commences at
the medial side of the joint. The instrument portal lies medial
to the ECR tendon midway between the radial carpal (RC) and
the third carpal (3C) bones. This is checked visually with a
hypodermic needle to ensure that the portal is appropriately
placed. The instrument and arthroscope portals can be
exchanged if the lesion is on the lateral side of the joint.

Normal anatomy3

Viewing medially, the RC bone will be seen in the lower field
and the 3C and second carpal (2C) bones in the upper field
(Fig. 11.1). There is a synovial plica extending from the
dorsomedial aspect of the RC bone medially and distally into
the joint capsule. The dorsal surface of the RC bone can be
examined followed by the palmar aspect of the joint, which
contains a fossa in the palmar aspect of the 3C bone. The
medial palmar intercarpal ligament (MPICL) lies within this
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Fig. 11.1
Arthroscopic view of
the medial aspect of
the right middle carpal
joint. 3C, third carpal
bone; 2C, second carpal
bone; RC, radial carpal
bone; SP, synovial plica.



fossa and is a complex structure attached to the RC and 3C
bones.4 Increasing flexion of the joint improves the view of
this structure. Examination of the dorsal aspect of the 3C
bone is facilitated by extending the joint. The arthroscope can
now be withdrawn to examine the prominent axial border of
the RC bone, the intermediate carpal bone, the intermediate
facet of the 3C bone and the axial part of the fourth carpal
(4C) bone. Moving laterally, the ulnar carpal (UC) bone and
4C bone can be inspected (Fig. 11.2) and by rotating the
arthroscope, the lateral palmar intercarpal ligament is seen
lying between the 4C and the UC bones.

Antebrachiocarpal joint

Positioning

The general principles of positioning for the MC joint apply to
the antebrachiocarpal (ABC) joint with the exception that the
joint should be flexed at approximately 130°.

Arthroscopic approach

The incision for the arthroscope portal is made before dis-
tending the joint; both portals lie in the same relation to the
ECR and CDE tendons and the center of the depression
between the middle row of carpal bones and the radius.
Inspection of the joint commences medially as for the 
MC joint. There is less room to maneuver within the 
ABC joint.

Normal anatomy

The medial aspect of the distal radius and proximal RC bone
is examined first (Fig. 11.3). The synovial villi can inhibit the
visibility of the dorsal border of the radius but this can be
counteracted by fluid distension and extension of the joint.
As the arthroscope is withdrawn the junction between the IC
and RC bones is seen opposite the midsagittal ridge of the
radius. Moving laterally, the joint space becomes narrower
and it can more easily be inspected with the arthroscope in
the medial portal. In young horses the groove at the junction
of the styloid process and the radius will be seen on the artic-
ular surface of the radius (Fig. 11.4). Looking distally and lat-
erally, the axial part of the UC is visible.

Indications for arthroscopy of the
carpus, specific techniques and results

Osteochondral chip fractures

These are most frequently seen in young race horses and are
rare in competition and general riding horses. The reported
order of incidence of the specific site of these injuries in the
MC joint is the dorsodistal RC bone (Fig. 11.5), the dorsodistal
IC bone and the dorsoproximal 3C bone.5 In the ABC joint the
reported order of incidence is the dorsoproximal IC bone, 
the dorsoproximal RC bone, the dorsodistal lateral radius and
the dorsodistal medial radius.5

The arthroscope portal is best placed on the side of the
joint away from the lesion. In both joints RC fragments are
viewed from the lateral portal and IC fragments from the
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Fig. 11.2
Arthroscopic view of
the lateral aspect of the
right middle carpal
joint. 4C, fourth carpal
bone; UC, ulnar carpal
bone; IC, intermediate
carpal bone.
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Fig. 11.3
Arthroscopic view of
the medial aspect of
the right
antebrachiocarpal joint.
RC, radial carpal bone.
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Fig. 11.4
Arthroscopic view of
the lateral aspect of
the right
antebrachiocarpal joint.
IC, intermediate carpal
bone; StP, styloid
process.
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Fig. 11.5
Arthroscopic view of a
fracture fragment of
the left radiocarpal
bone in the
antebrachiocarpal joint
showing a needle
positioned at the site
of the instrument
portal.
RC, radial carpal bone.



medial portal. 3C fragments can be difficult to operate
because they often lie under the ECR tendon and some extend
beyond the attachment of the joint capsule. Decreasing the
carpal flexion improves access to these lesions. In general
some osteochondral chip fragments in the carpus may
require loosening with an elevator but most can be removed
directly with Ferris Smith rongeurs. Fragments with attach-
ments to the joint capsule should be carefully dissected free
before removal. Soft diseased bone in the fracture bed is
curetted and the healthy articular cartilage on its borders is
curetted to create a clean edge to the lesion.

The success rate of arthroscopic surgery for horses with
osteochondral chip fractures in the carpus has been reported as
68% of horses returning to racing at their preinjury level.5 The
degree of articular damage was related to a worse prognosis.
Another report on results of treatment in Standardbred horses
showed similar findings, but the incidence of fracture sites was
different. The most common sites were the dorsodistal RC bone
and the dorsoproximal 3C bone in approximately equal
numbers and very few ABC joint lesions were seen.6

Internal fixation of third carpal bone slab
fractures

Frontal plane slab fractures of the 3C bone occur, in descend-
ing order of frequency, on the radial facet, on both the radial
and intermediate facets and on the intermediate facet of the
bone.7 They can be repaired by internal fixation using arthro-
scopic and radiographic control.8 Best results are obtained in
the acute case. Comminuted or very thin slab fractures may
be treated by fragment removal. For radial facet fractures the
lateral arthroscope portal is used. The fracture is assessed
arthroscopically, debrided and reduced. Reduction is assisted
by flexion of the limb. Spinal needles (19 gauge, 9 cm) are
inserted along the articular surface of the 3C bone at each
edge of the fracture. An additional spinal needle is placed
along the articular surface at the center of the fracture and a
finer gauge needle is inserted into the carpometacarpal joint
in the same plane as the center of the fracture. A needle that
will mark the position of the screw is inserted and a radio-
graph is taken to confirm that this needle placement is correct
(Fig. 11.6).

A stab incision is made at the site of the needle that marks
the screw position and a 4.5 mm glide hole is drilled using the
remaining needles as a guide for the drill angle. A further 
X-ray to check drill placement is taken. The 4.5 mm drill hole
should be 14 mm to allow for the countersink instrument.
Following placement of the 3.2 mm drill sleeve in the glide
hole and drilling of the 3.2 mm pilot hole, the drill hole is
countersunk, measured and tapped. An appropriate length
4.5 mm cortical ASIF (Association for the Study of Internal
Fixation) cortical screw is inserted and the fracture line is
examined arthroscopically to assess fracture reduction while
the screw is tightened. Fractures across both the radial and
intermediate facets usually require two screws. For small
fracture fragments 3.5 mm cortical ASIF screws may be
used.

The success of this surgery depends on many factors,
including the quality of the reduction, the presence of degen-
erative joint disease, the age and gender of the horse and the
duration of the injury.9

Chronic arthropathy and carpal lameness
without radiographic signs

Arthroscopic investigation of horses with chronic carpal
arthropathy can be useful to determine the extent of joint
disease, lavage inflammatory debris from the joint and
debride lesions where appropriate. In some cases this may at
least temporarily extend the horse’s working life and should
improve prognostic accuracy. Arthroscopy is indicated for
carpal lameness without radiographic signs that has not
responded to conservative treatment.10 In the young race
horse tearing of the MPICL will sometimes be encountered
and can be debrided using a punch or motorized resector.11

The fetlock

Dorsal fetlock

Positioning

Most surgeons prefer to operate the dorsal fetlock with the
horse in dorsal recumbency and the fetlock extended.
Operating from the dorsal aspect of the limb with the arthro-
scope monitor caudal to the limb allows easier interchange of
portals and instrument manipulation. Extension of the joint
relieves the pressure of the extensor tendon, which is espe-
cially important in the hind limb. Suspending hind limbs by
the heel improves extension. Some surgeons prefer to position
the horse in lateral recumbency.

Arthroscopic approach

Following distension there will be an outpouching of the joint
either side of the extensor tendon. For surgeries involving the
distal part of the joint, the arthroscope portal is made proxi-
mal to the center of either outpouching. If the portal is placed
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Fig. 11.6
Radiograph of slab fracture
of the third carpal bone
undergoing arthroscopically
assisted internal fixation and
demonstrating needle
placement.



too distally it is difficult to advance the arthroscope across the
sagittal ridge. If the site of interest is in the proximal joint,
the portal should be made at the center of the outpouching.
The obturator and arthroscope sleeve should be passed across
the joint before commencing the examination. The instru-
ment portal is sited on the contralateral side of the joint.

Normal anatomy

If the arthroscope portal is lateral, the medial proximodorsal
aspect of the first phalanx (P1) will be seen first. The synovial
fronds of the joint capsule lie dorsal and the articular carti-
lage of the third metacarpal/metatarsal (MC3/MT3)
condyles lie palmar/plantar in the field of view. Moving
axially over the sagittal ridge, a similar view of lateral P1 is
obtained. If the arthroscope is directed proximally the syn-
ovial pads proximodorsal in the joint both laterally and 
medially are examined.

Palmar/plantar fetlock

Positioning

There are advantages in positioning the horse either in dorsal
or lateral recumbency for palmar/plantar fetlock arthroscopy
and the choice depends on the surgery to be performed and
the surgeon’s preference. Dorsal recumbency is more satis-
factory if both fetlocks require surgery or if there are both
medial and lateral lesions in the affected joint. Where possi-
ble, the author prefers lateral recumbency. A tourniquet is
necessary if the horse is in lateral recumbency, but it should
not prevent the arthroscope being positioned parallel to the
limb (Fig. 11.7). The limb must be supported so that it can
readily be flexed and extended during surgery.

Arthroscopic approach

For most surgeries the arthroscope portal is placed in the
most proximal outpouching of the palmar/plantar joint
capsule and the obturator and arthroscope sleeve are passed
to the distal, contralateral aspect of the joint. The site of the
instrument portal will depend on the lesion involved.

Normal anatomy

The first view will be of the proximal sesamoid bone and the
condyle of MC3/MT3 in the distal contralateral aspect of the

joint. Looking distally, the palmar/plantar edge of P1 is
usually screened by synovial villi, but can be seen when the
joint is flexed. Proximally the apex of the proximal sesamoid
is inspected before withdrawing the arthroscope to view the
intersesamoidean ligament and the sagittal ridge of
MC3/MT3, and finally the ipsilateral proximal sesamoid bone
and MC3/MT3 condyle.

Indications for arthroscopy of the
fetlock, specific techniques and results

Osteochondral chip fractures in the dorsal
joint

These occur in both racing and non-racing horses and some-
times they are incidental findings. They arise from the dorsal
aspect of P1 in both fore- and hindlimbs and are more
frequent in the medial aspect of the joint12,13 (Fig. 11.8). The
arthroscope portal is made on the dorsal aspect of the joint
contralateral to the fragment and the instrument portal is
ipsilateral. A careful examination of the joint is made to
evaluate concurrent joint disease and to ensure that no frag-
ments are hidden in the synovial villi. Wear lines and ero-
sions of the articular cartilage in the condyle of MC3/MT3
are often associated with any osteochondral fragmentation in
the fetlock13 (Fig. 11.9). Most fragments are attached and
should be dissected free, carefully avoiding complete separa-
tion to prevent them falling into the dependent part of the
joint where they can be more difficult to retrieve. Small Ferris
Smith rongeurs are suitable for grasping and removing the
fragments. The site of the lesion on P1 requires debridement
and usually consists of thickened irregular fibrous tissue
covering softened bone.

In two studies of 336 and 461 horses respectively, return
to use was reported in approximately 85% of horses following
arthroscopic removal of fetlock fragments.12,13 In one report
82% of horses achieved their original performance level,12

while in the other this figure was 69% and the success rate
declined by 10% if other fetlock lesions were present.

192
Musculoskeletal system

Fig. 11.7
Arthroscope and
instrument portals for
arthroscopic removal
of palmar/plantar P1
osteochondral frag-
ments. Note that the
arthroscope and the
camera are parallel to
the limb.
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Fig. 11.8
Arthroscopic view of the dorsomedial aspect of the right fore
fetlock showing an osteochondral fragment attached to the
dorsoproximal aspect of the first phalanx. P1, first phalanx;
MC3, medial distal condyle of the third metacarpal bone; OC,
osteochondral fragment.



Osteochondritis dissecans lesions on the
dorsal sagittal ridge of MC3/MT3

The approach for these lesions is similar to the approach for
dorsal P1 fragments, with minor modifications. Triangula-
tion is improved if the portals are made slightly further
abaxially and distally to the standard portals.

Fibrotic proliferation of the synovial pad in
the dorsoproximal aspect of the joint

This condition is also termed proliferative synovitis or villo-
nodular synovitis. It is thought to be associated with chronic
trauma in the metacarpophalangeal joint and is often associ-
ated with other traumatic lesions in the joint.14 Partial or
complete arthroscopic excision of one or both pads is accom-
plished using sharp dissection with a meniscal knife or a
cutting instrument such as an O’Connor punch. An extra
instrument portal sometimes facilitates the dissection.
Debridement of underlying diseased bone is often necessary.
A study of 63 horses with this condition reported that 43/50
horses treated arthroscopically and one out of eight horses
treated medically returned to their previous level of racing.14

Type I palmar/plantar P1 osteochondral
fragments15

These lesions occur in fore- and hindlimbs both medially and
laterally but are more frequently seen in the medial aspect of
hindlimbs.16 They can be bilateral and can also be an inci-
dental finding. This is one of the more difficult arthroscopic
procedures.

The author prefers to place the horse in lateral recum-
bency with the lesion uppermost and approach this with both
portals on the same side as the fragment (see Fig. 11.7). The
arthroscope and camera must lie flush with the limb to
permit a clear view of the distal ipsilateral part of the joint
where the fragment often lies hidden by the synovial villi
(Fig. 11.10). The instrument portal must be made distal
enough for the instrument to pass distal to the MC3/MT3

condyle, giving direct access to the fragment. The fragment
will often require extensive dissection from its attachments
and this is more safely performed with a meniscal knife than
a scalpel blade, which can easily be broken. A motorized syn-
ovial resector is useful for clearing away excessive synovial
tissue. Dissection of the fragment with a radiofrequency
probe is also effective but care should be taken to avoid char-
ring tissue. Horses with fragments in both fetlocks or frag-
ments in both medial and lateral aspects of the same joint are
more easily operated in dorsal recumbency.

In a report on a series of 119 cases treated arthroscopi-
cally, 63% of 87 race horses and 100% of nine non-race
horses returned to preoperative performance levels.16

Concurrent joint disease worsened the prognosis.

Small articular basilar sesamoidean fracture
fragments

These can be removed surgically using the same technique as
for palmar/plantar P1 fragments. Dissection of the fragments
off the attachments of the distal sesamoidean ligament is
necessary and the prognosis for return to use is reasonable.17

Apical sesamoidean fracture fragments

Surgical removal is generally considered to be the most
appropriate treatment for apical fractures involving up to
one-third of the proximal sesamoid bone.18 Arthroscopic
removal is a relatively difficult procedure but does appear to
have advantages over arthrotomy.19 The author prefers an
ipsilateral approach with the horse in lateral recumbency so
that the lesion is uppermost, but some surgeons prefer to
operate with the horse in dorsal recumbency and the arthro-
scope portal on the contralateral side of the joint to the lesion.
When operating with the arthroscope ipsilaterally the
arthroscopic portal must be as proximal as possible so that
the whole apex of the bone is clearly visible (Fig. 11.11). The
instrument portal is made in line with the fracture. The frag-
ment is first dissected off the intersesamoidean ligament
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Fig. 11.9
Arthroscopic view of the dorsomedial aspect of the right fore
fetlock showing wear lines on the articular cartilage of the
distal third metacarpal bone (MC3).These fragments were
associated with the presence of osteochondral fragmentation
on the dorsal sagittal ridge. P1, first phalanx.
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Fig. 11.10
Arthroscopic view of the palmaromedial distal aspect of the
left fore fetlock showing a type I palmar P1 osteochondral
fragment revealed by probing. MC3, medial distal condyle of
the third metacarpal bone; F, fragment; PS, proximal sesamoid
bone.



using a downcurved osteotome. A serrated meniscal knife is
suitable for completion of the dissection of the fragment off
the suspensory ligament (Fig. 11.12). The use of electro-
cautery for this dissection has also been reported.20 Removal
is completed with Ferris Smith rongeurs and may require
enlargement of the portal for large fragments.

There are few reports of surgical excision of apical
sesamoid fractures in a large number of horses. A retrospect-
ive study of 43 Standardbred race horses with apical
sesamoid fractures showed a good prognosis following
surgical removal, but the technique was not defined.
Prognosis was not affected by the dimensions of the fracture
nor by the degree of suspensory ligament damage.21

Articular abaxial sesamoidean fracture
fragments

The approach for these lesions is similar to the approach for
apical fracture fragments.22 Sharp dissection of the fragment
off the suspensory ligament can be performed entirely with a
meniscal knife or similar instrument. Favorable results for
return to racing were reported in a series of 47 horses. Non-
race horses, horses with smaller fragments and horses with

fragments that involved only the abaxial aspects of the bone
had a better prognosis.22

Chronic fetlock arthropathy and sepsis

Arthroscopy of the dorsal and palmar/plantar fetlock can be
of value for joint disease that fails to respond to conservative
treatment. Sepsis should be approached with appropriate
medical therapy and through-and-through lavage can be
achieved using dorsal and palmar/plantar portals.

The hock

Positioning

Most surgeons prefer to position the horse in dorsal recum-
bency and whether the arthroscopy is performed with the
surgeon standing cranial to the limb and facing caudally or
standing caudal to the limb and facing cranially is a matter of
personal preference. The joint is placed in partial flexion in
such a way that it can be flexed or extended during the
surgery.

Dorsal tarsocrural joint

Arthroscopic approach

Once the saphenous vein has been identified, the standard
arthroscopic portal is placed in the medial pouch of the tarso-
crural joint just axial to the saphenous vein. Great care
should be taken to avoid lacerating the vein. If the hock joint
is sufficiently flexed the obturator and arthroscope sleeve can
be advanced under the extensor tendons to the lateral
reflection of the joint before inserting the arthroscope to
commence the examination. Adjustments to this routine may
be necessary for certain lesions.

Normal anatomy

The lateral reflection of the joint is first examined. Rotating 
the arthroscope proximally will bring the lateral malleolus 
into view. The lateral trochlear ridge (LTR) can be 
examined by withdrawing and rotating the arthroscope. As 
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Fig. 11.11
Arthroscopic view of a fracture of the apex of the right fore
lateral proximal sesamoid bone. PS, proximal sesamoid bone;
MC3, median sagittal ridge of the distal third metacarpal bone;
PS Apex, apex of proximal sesamoid bone; FX, fracture line in
proximal sesamoid bone.
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Fig. 11.12
Postoperative view of the apical sesamoid fracture in 
Fig. 11.11. MC3, median sagittal ridge of the distal third
metacarpal bone; PS, proximal sesamoid bone; FX, fracture line
in proximal sesamoid bone following removal of the apical
fragment.
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Fig. 11.13
Arthroscopic view of the
mid tarsocrural joint
showing the pouch over
the proximal intertarsal
joint (PIT), the
intermediate ridge of the
tibia (IRT) and the medial
malleolus (MM).



the arthroscope is withdrawn further the intermediate ridge of
the tibia, the axial aspect of the LTR and the proximal inter-
tarsal joint come into view (Fig. 11.13) and finally the medial
trochlear ridge (MTR), the medial malleolus and the medial
short collateral ligament are visible when the arthroscope is
withdrawn into the medial aspect of the joint (Fig. 11.14).

Plantar tarsocrural joint

Arthroscopic approach

The plantar aspect of the joint can be approached from the
center of either the medial or the lateral outpouching of the
joint.23 With the joint flexed in a right angle the arthroscope
sleeve and obturator can be passed across the joint before
inserting the arthroscope.

Normal anatomy

From the plantaromedial portal the lateral malleolus is
viewed by looking dorsally in the lateral reflection of the
joint. With the arthroscope in the midjoint region the distal
intermediate ridge of the tibia, the MTR and the LTR will lie
dorsally and the synovial sheath of the deep digital flexor
tendon will lie plantarly in the field of view. Withdrawing the
arthroscope medially allows inspection of the MTR and the
medial reflection of the joint but the medial malleolus is not
visible. From the plantarolateral portal the same midjoint
structures can be inspected and when examining the lateral
reflection of the joint from the lateral side, the talocalcaneal
ligament and the lateral malleolus are visible. Examination of
the joint is facilitated by flexion and extension as required.

Indications for arthroscopy of the hock,
specific techniques and results

Osteochondrosis dissecans (OCD)

The intermediate ridge of the tibia (IRT) in the dorsal tarso-
crural joint is the most frequent site for OCD lesions in the
hock.24 Lesions are also encountered on the LTR, the medial
malleolus and occasionally on the MTR.24 OCD lesions in the
hock may be an incidental radiographic finding and the deci-
sion to treat them surgically depends on there being evidence
that they are causing clinical signs. When operating IRT

lesions the instrument portal should be relatively dorsal in the
lateral pouch and before making the incision the exact position
of the portal can be confirmed using a 9 cm spinal needle to
ensure that the whole lesion is accessible through the portal.
Fragments often require loosening with an osteotome 
(Fig. 11.15) before being grasped with Ferris Smith rongeurs for
removal. They should not be completely freed since they can be
difficult to grasp when loose in the joint. The instrument portal
may need to be enlarged for large fragments so it is preferable to
remove smaller fragments first while joint distension is main-
tained. The lesion site is curetted smooth and all debris flushed
from the joint at the end of surgery.

LTR lesions are more difficult to treat arthroscopically.
Some surgeons prefer to place both the arthroscopic and
instrument portals ipsilaterally since the distal part of the
LTR is difficult to view from the medial position because of the
extensor tendon. However, increasing joint flexion improves
the view from the medial portal and this approach gives
better triangulation. Medial malleolus lesions are best treated
with both portals ipsilateral.

A 76.5% success rate for return to normal function has been
reported for arthroscopic treatment of OCD lesions in the
hock.24 The size of IRT lesions did not affect outcome but ac-
companying degenerative joint disease worsened the prognosis.
Resolution of synovial effusion was seen in approximately 80%
of horses but was worse for medial malleolus and LTR lesions.

Intra-articular fractures

Some fractures in the hock that involve intra-articular fragmen-
tation can be treated by arthroscopic removal of the fragments
and debridement of the fracture bed. Care should be taken to
ensure that the fractures do not extend into major supporting
bones since there is a high chance of disintegration of the bone
during anesthetic recovery. The approach depends on the site of
the lesion but the standard portals are often appropriate. Some
smaller lateral malleolus fractures can be removed arthroscopi-
cally. A dissecting instrument such as a meniscal knife is needed
to resect the fractured fragment from its attachments.

Chronic arthropathy unresponsive to
conservative treatment

Arthroscopic evaluation of the dorsal and plantar aspects 
of the tarsocrural joint can be useful diagnostically, 
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Fig. 11.14
Arthroscopic view of
tarsocrural joint showing
the medial malleolus
(MM), the medial short
collateral ligament
(MSCL) and the edge of
the medial trochlear
ridge of the talus
(arrow).
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Fig. 11.15
Arthroscopic view of an
OCD lesion on the
intermediate ridge of the
left tibia (IRT) being
loosened with an
elevator. OCF,
osteochondral fragment;
MTR, medial trochlear
ridge of the talus.



prognostically and for debridement of intra-articular lesions.
Appropriate debridement of lesions and lavage of debris from
the joint should improve the horse’s comfort. Lesions in the
short lateral collateral ligament will sometimes be evident
arthroscopically and can also be debrided.

Septic joint disease

This indication is common to all the synovial spaces
described in this section but it is especially common in the
tarsocrural joint as a sequel to hock trauma. It requires
aggressive treatment. Arthroscopic treatment often
involves both dorsal and plantar pouches of the joint for
investigation of the injury and for through-and-through
lavage. Osteomyelitic lesions can develop particularly on the
trochlear ridges and should be debrided by curettage to
healthy tissue.

The stifle

Femoropatellar joint

Positioning

Most surgeons prefer operating this joint with the horse in
dorsal recumbency. The limb must be in extension in order to
allow the arthroscopic sleeve to pass easily under the patella
into the suprapatellar pouch (Fig. 11.16). If the limb is posi-
tioned vertically the arthroscope can be held with the
surgeon’s arm passing caudally around the limb, which some
find more comfortable, and this marginally increases the
space beneath the joint capsule in the distal joint. The
monitor is placed cranially and the surgeon faces forwards.
The joint can also be operated with the limb extended more
caudally so that the surgeon works with both hands on the
cranial side of the limb.

Arthroscopic approach

For most procedures the arthroscopic portal is sited between
the lateral and middle patellar ligaments midway between the
patella and the tibial crest. In many horses a small blood
vessel traverses just proximal to this site when the limb is ver-
tical. Unless the joint is pathologically distended, at least
60 mL of fluid will be required for sufficient distension to lift
the patella off the intertrochlear groove and permit the

arthroscope sleeve and obturator to be passed into the supra-
patellar pouch. If this is difficult, it may be facilitated by
further distension of the joint.

Normal anatomy

The examination commences in the suprapatellar pouch
where loose debris will accumulate. As the arthroscope is
withdrawn, the base of the patella and proximal inter-
trochlear groove of the femur come into view. The articular
surface of the patella and intertrochlear groove can be exam-
ined as the arthroscope is steadily withdrawn from beneath
the patella. Once clear of the patella, its apex can be inspected
followed by both medial and lateral trochlear ridges (MTR
and LTR) to their most distal points where the plicae covering
their communications with the medial and lateral femoro-
tibial (MFT and LFT) joints are present in most horses.

Indications for arthroscopy of the
femoropatellar joint, specific
techniques and results

Osteochondrosis dissecans

In the femoropatellar joint (FP), OCD is most frequently
encountered on the LTR (Fig. 11.17) and also occurs, though
less commonly, on the patella, the intertrochlear groove (ITG)
and MTR.25 Both limbs are often affected. Before making the
instrument portal a spinal needle is used to check that all the
lesions can be reached at the correct angle, since a wrongly
positioned portal may make it impossible to treat some of the
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Fig. 11.16
Positioning for
arthroscopy of the
femoropatellar joint
with the leg extended
vertically.

LTR

OCF

Fig. 11.17
OCD lesion containing
attached osteochondral
fragments on the lateral
trochlear ridge of the
right femur (LTR).
OCF, osteochondral
fragments.

MTR

Fig. 11.18
OCD lesion on the
medial trochlear ridge
(MTR) of the left
femur of a yearling
Thoroughbred gelding.
Probing has revealed
poorly attached soft
articular cartilage.



lesions. Most lesions can be reached from a lateral portal but
an extra portal can be used if necessary. Osteochondral frag-
ments may need partial loosening with an osteotome before
removal with Ferris Smith rongeurs and following removal,
the remainder of the lesion should be curetted to healthy sub-
chondral bone. This can be achieved with both spoon and
loop curettes, rongeurs and motorized equipment. Some
lesions, particularly in foals and yearlings, appear as soft
articular cartilage but when probed this peels off its attach-
ment (Fig. 11.18). In older horses there may be associated
degenerative change in the articular cartilage. Loose fibril-
lated cartilage can be trimmed with a synovial resector or a
coblation wand. Many patellar, ITG and MTR lesions can be
reached from the lateral instrument portal but if not, a more
appropriate position is used.

The removal of debris and osteochondral fragments from
the suprapatellar pouch is an inevitable part of arthroscopic
surgery of OCD lesions in the FP joint. Long Ferris Smith
rongeurs (shaft length 20 cm) are very useful for removing
fragments and a long, wide-bore egress cannula in conjunc-
tion with high fluid flow rates and suction will effectively
remove loose debris. Retrieval of fragments through a portal
proximal to the patella into the suprapatellar pouch is also
possible in the absence of long instruments, but it is difficult
to maintain this portal because of the distance from the skin
to the joint capsule. An alternative portal that is easier to
manage can be made laterally between the proximal patella
and the proximal edge of the LTR.

Occasionally very large fragments will be encountered and
very large rongeurs are needed to remove them. Fixing the
fragment with a spinal needle passed transcutaneously facili-
tates grasping it with the rongeurs. The instrument portal
may need to be enlarged considerably when the fragment is
extricated.

In one report 64% of 161 horses treated by arthroscopic
surgery returned to athletic use.25 Best results were seen in
older horses and those with mild lesions. From a series of
57 horses operated at the author’s practice, 83% returned to
athletic use and the presence of associated degenerative
change on the articular cartilage did not affect the prognosis
(JP Walmsley and TJ Phillips, unpublished data, 2002).

Fractures of the patella

Fractures of the patella that can be treated by arthroscopic
excision of the fracture fragment include medial sagittal,
basilar and some apical fractures. These fractures can be
evaluated from the standard arthroscopic portal, though
some basilar fractures may be better assessed from a portal
developed medially or laterally just proximal to the base of
the patella. Medial sagittal fractures (Fig. 11.19) require
dissection off their attachments to the parapatellar fibro-
cartilage of the medial patellar ligament, which can be
difficult and extensive. Meniscal knives are useful instru-
ments for this procedure. The prognosis for medial sagittal
fractures treated by excision arthroscopically is reasonably
good. In one case series of 12 horses 10 returned to full use.26

Basilar fractures sometimes accompany other trauma in the

joint. An appropriate instrument portal medial or lateral and
proximal to the base of the patella will be necessary for
removal of fragments. Some small fragments become embed-
ded in the local soft tissue and may not cause lameness.
Apical fracture fragments that can be removed arthroscopi-
cally are unusual but are approached as for fragmentation
lesions.

Fracture fragmentation of the trochlear
ridges

These fragments are usually present as loose bodies that have
fractured off a trochlear ridge in the FP joint. It can be
difficult to ascertain the source of the fracture. Following
examination of the joint to assess the injury, the fragments
are located and removed with rongeurs. They will usually fall
into the suprapatellar space but they may be attached to the
joint capsule and difficult to find. Any remaining lesions in
the joint are debrided appropriately. Depending on the effect
of any concurrent injuries, there is a good chance of return
to athletic use following treatment.27,28

Fragmentation of the patella

This condition is usually a sequel to medial patellar desmo-
tomy and requires arthroscopic debridement when it causes
lameness.29 It may develop without causing lameness. The
fragments usually lie in the synovium just distal to the apex of
the patella and the synovial villi may not be immediately
visible. The arthroscopic portal can be placed slightly more
distal than the standard site and the instrument portal is
placed on the lateral side of the joint since the diseased patel-
lar tissue mostly lies on the lateral side of the apex. The frag-
ments are removed with rongeurs and the patellar lesion is
curetted to healthy bone. The prognosis is favorable.29

Femorotibial joints

Positioning

If all accessible parts of the FT joints are to be examined,
placing the horse in dorsal recumbency is preferred with the
tibia horizontal and a hock angle of 90°. It is important to be
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Fig. 11.19
Arthroscopic view of
medial sagittal
fracture of the left
patella (P). MFr, medial
fragment of the
patella; MPL, medial
patellar ligament;
arrows, fracture line;
MTR, medial trochlear
ridge of the femur.



able to flex and extend the limb during surgery. The cranial
and caudal compartments of the joints can be arthro-
scoped with the horse in this position though some sur-
geons partially extend the joint when examining the caudal
compartments.30 The surgeon operates facing cranially 
with the monitor placed cranial on the opposite side of the
horse.

Arthroscopic approach, cranial
compartments

Three approaches to the cranial compartments of the FT
joints have been described.
Cranial approach31 The arthroscopic portal for the medial
femorotibial joint (MFT) is made 2 cm proximal to the tibial
crest between the middle and medial patellar ligaments. The
joint can be distended with 50 mL of fluid using a spinal
needle inserted medial to this site over the medial femoral
condyle (MFC), which is a useful, easily palpable landmark.
The instrument portal is at the site of the spinal needle,
which if left in place can be manipulated to confirm that all
the appropriate structures will be accessible through the
portal. Its position can be readjusted if necessary. The lateral
femorotibial joint (LFT) is approached from the MFT by first
replacing the telescope with the conical obturator in the
arthroscope sleeve and then passing it through the median
septum and under the tendon of origin of the long digital
extensor tendon (LDE) into the lateral aspect of the joint. This
has to be done by feel and if positioning is correct the instru-
ment should pass relatively easily across the LFT after the
median septum has been penetrated. The LFT instrument
portal lies about 6 cm lateral to the arthroscopic portal.
Because of the distance between the joint capsule and the
skin, the portal should be carefully sited with a spinal needle
before making the incision. When creating portals in the FT
joints, advancing the scalpel until it is visible within the joint
facilitates the subsequent passage of instruments. Care 
must be taken not to catch the hilt of the scalpel in subcuta-
neous tissue so that it is pulled off the handle whilst being
retrieved.
Lateral approach32 Used mainly for surgical treatment of
subchondral bone cysts in the MFC, this portal lies between
the lateral patellar ligament and the tendon of origin of the
LDE, 2 cm proximal to the tibial plateau. The arthro-
scopic obturator and sleeve are inserted parallel to the 
tibial plateau and passed through the LFT into the MFT. 
This is facilitated by palpating the MFC and aiming across 
the joint at it. The instrument portal is positioned over the
lesion.
Approach from the FP joint This approach follows exam-
ination of the FP joint and the limb is maintained in exten-
sion (KJ Boening, personal communication, 1992). It is more
easily performed with a longer arthroscope. The slit-like com-
munication with the MFT is viewed and dissected open with
arthroscopic scissors. A window is then created in the septum
between the FP and FT joints. This approach provides a good
view of the axial parts of the FT joints but poor access to their
lateral and medial aspects.

Normal anatomy

From the cranial approach the surgeon’s landmark is the
medial intercondylar eminence of the tibia (MICET). The
median septum occupies the axial field of view and partially
covers the cranial cruciate ligament (CrCL), which can be
palpated with the arthroscopic probe beneath its fascia. In
the caudal aspect of the MFT the caudal cruciate ligament
(CaCL) is seen extending from the roof of the intercondylar
notch of the femur distally towards its caudal tibial insertion.
Moving medially, the cranial aspect of the articular surface of
the MFC can be viewed. The cranial pole of the medial menis-
cus (MM) lies between the MFC and the tibial plateau, and the
cranial ligament of the medial meniscus (CrLMM) extends
from the MM to the cranial border of the MICET (Fig. 11.20).
When examining the LFT by the cranial approach, the
popliteal tendon in the most lateral aspect of the LFT joint
will be the first structure viewed. As the arthroscope is with-
drawn it will slip out from underneath the LDE, which can
then be followed proximally to its origin in the lateral femoral
condyle (LFC). In the more axial part of the joint the lateral
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Fig. 11.20
Arthroscopic view of the right medial femoral condyle (MFC),
the medial intercondylar eminence of the tibia (MICET) and
the cranial ligament of the medial meniscus (CrLMM).There is
fibrillation of the axial border of the ligament (arrow).

LFC
CrCL

Pl

LM

Fig. 11.21
Arthroscopic view of the right lateral femoral condyle (LFC),
the cranial pole of the lateral meniscus and its cranial ligament
(LM).The cranial cruciate ligament lies under the median
septum in the right of the picture with the plica-like branch
(Pl) coursing towards the tibial plateau.



meniscus (LM) and its cranial ligament have a similar
configuration to their medial counterparts. Axial to this the
CrCL is almost completely covered by the median septum and
a small plica-like branch of the ligament is present at about
the level of the articulation of the LFC and tibial plateau
(Fig. 11.21).

Arthroscopic approach to the caudal
compartment of the medial femorotibial
joint

The author prefers to position the stifle in flexion for this pro-
cedure, though some authors suggest positioning in partial
flexion30 and others in extension.33 Distension of the caudal
MFT is achieved through a 9 cm spinal needle placed just
proximal and caudal to the caudal most palpable point of the
medial tibial condyle. The arthroscopic portal is placed about
2 cm caudal to this and the sleeve and blunt obturator aimed
towards the caudal articulation of the femur and tibia. The
joint capsule lies approximately 3 cm deep to the skin. Sharp
trocars should only be used for penetration of either caudal
FT joint with great caution because of the risk of penetrating
the popliteal artery, which lies between the two caudal com-
partments of the FT joints. The instrument portal is placed
according to the position indicated by spinal needle guidance.

Normal anatomy

The relatively large sac of the caudal MFT is easily inspected.
The caudal articular surface of the femur can be followed to
its articulation with the medial meniscus on the tibial
condyle. In the axial aspect of this articulation the caudal lig-
ament of the medial meniscus can usually be seen and caudal
to this the outline of the CaCL is detectable in most horses
where it lies deep to the synovial membrane as it courses from
its distal attachment to its femoral insertion proximomedially
between the femoral condyles (Fig. 11.22).

Arthroscopic approach to the caudal
compartment of the lateral femorotibial
joint

Arthroscopy of this joint is easier with the stifle partially
flexed.30,33,34 The joint is divided by the popliteal tendon.
Distension is best achieved through a spinal needle inserted
caudal to the lateral collateral ligament and just proximal to
the level of the tibial plateau. The arthroscope portal for the
joint proximal to the popliteal tendon is situated 2.5 cm
proximal to the tibial plateau and 3 cm caudal to the col-
lateral ligament. The distal part of the joint is entered
through a portal which lies at the level of the tibial plateau
and 1.5 cm caudal to the lateral collateral ligament. The
common peroneal nerve lies approximately 7 cm caudal to
the lateral collateral ligament, so all portals should be sited
cranial to this. The instrument portal is placed according to
the position indicated by spinal needle guidance.

Normal anatomy

Proximal to the popliteal tendon, apart from the tendon itself,
the caudal part of the lateral femoral condyle is the main
structure identified. Through the distal portal the LFC and
caudal lateral meniscus are visible.

Indications for arthroscopy of the
femorotibial joints, specific techniques
and results

Stifle lameness unresponsive to
conservative treatment

Diagnostic and therapeutic arthroscopy of the FT joints of
horses whose lameness is alleviated by intra-articular anal-
gesia and which does not respond to conservative treatment
is one of the most frequent indications for arthroscopy of the
FT joints (240 in a series of 403 stifle arthroscopies per-
formed at the author’s hospital).35 Lesions most likely to be
encountered are articular cartilage injuries, meniscal tears
and cruciate ligament lesions. Multiple lesions are common
which emphasizes the importance of a careful examination
of the whole joint.

Articular cartilage lesions vary from severe, extensive, full-
thickness lesions to mild fibrillation of the surface of the carti-
lage. Treatment involves debridement of loose material, but only
full-thickness defects should be curetted to subchondral bone.
Large areas of denuded bone may benefit from micropicking.2

With careful management and in the absence of other injuries,
the prognosis for primary articular cartilage lesions is reason-
able. In one study six out of seven focal lesions returned to
racing though five horses with larger lesions remained lame.36

In the author’s practice, 44 horses with cartilage lesions out of
61 followed up returned to full use but there was no differentia-
tion between size of lesions in the study.

Meniscal and meniscal ligament tears are more common
in the medial meniscus.37 Loose tissue should be resected
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Fig. 11.22
Arthroscopic view of the left caudal compartment of the
medial femorotibial joint, showing the caudal cruciate ligament
(CaCL) under the synovial capsule and the caudal ligament of
the medial meniscus (arrow). MFC, medial femoral condyle of
the femur; MM, medial meniscus.



wherever possible although in more severe lesions some of
the damaged tissue will be inaccessible beneath the femoral
condyle. The prognosis is statistically related to severity of
injury and it is worse if there are concurrent cartilage
lesions37 (Fig. 11.23). Of 80 horses which were diagnosed
with meniscal tears by arthroscopy at the author’s hospital,
33 out of 70 horses followed up returned to full use.37

Cruciate ligament injuries are more difficult to assess
because of the covering of synovium and median septum.
This can be removed with a synovial resector to improve the
visualization of the ligament but care should be taken to
avoid hemorrhage. Light debridement of loose tissue is all
that can be achieved with mild to moderate lesions and over
50% can be expected to return to use. Severe lesions, which
are sometimes accompanied by avulsion fractures, require
more drastic debridement and have a poorer prognosis.

Subchondral bone cysts and osseous 
cyst-like lesions

Subchondral bone cysts (SBC) in the distal MFC and more
rarely in the proximal tibia can be treated surgically. Surgical
treatment is generally considered to be indicated for articular
lesions and those that have not responded to conservative
treatment.38–40 Small articular defects on the MFC can be
worsened by aggressive debridement. The use of the lateral
arthroscopic portal permits better triangulation with the
standard instrument portal, which is sited over the lesion, but
the cranial arthroscope portal can also be used. The articular
defect may be quite small (Fig. 11.24) but a probe can easily

be pushed through into the subchondral lesion if the cyst
communicates with the joint. All the contents of the cyst
should be removed. Hooked curettes can be useful for curet-
ting the sides of the lesion. Postoperatively intralesional treat-
ment with corticosteroids has been advocated to suppress
inflammatory mediators which are thought to contribute to
the development of the cyst.41 Forage of the subchondral
bone can provoke worsening of the lesion38 and one study
showed that a cancellous bone graft in the lesion did not
improve the outcome.42 Over 70% success has been reported
in young horses38,40 but the author has noted that worse
results might be expected in horses over 3 years old though
this has not been analyzed statistically.

Most tibial SBCs can be approached from the cranial
arthroscopic and instrument portals though some may lie
beneath the cranial meniscal ligament and if very abaxial,
may not be accessible.43 Osseous cyst-like lesions in the
caudal femoral condyles may be candidates for surgery if
there is no response to conservative treatment; they are
approached through the standard portals, the proximal
lateral one being the more appropriate for LFC lesions.33

Fracture fragmentation of the femoral
condyles

Small fracture fragments may occur in any compartment of
the FT joints. They frequently accompany other joint injuries
and a thorough examination of the whole joint is indicated.
Fragments may require dissection from their soft tissue
attachments. The prognosis depends on the extent of damage
in the whole joint.

Fracture of the intercondylar eminence of
the tibia

These fractures are not always associated with CrCL injuries
and each should be assessed objectively. Some fragments can
be removed by dissection off the fracture bed,44 while internal
fixation under arthroscopic control may be more appropriate
if removal involves extensive soft tissue dissection.45

Occasionally long-standing fractures will have healed by
fibrous union and may be better left in situ. As for all trau-
matic FT injuries, other joint lesions are often present and a
careful evaluation of the whole joint is essential. It is often the
associated injuries that determine the prognosis.

Distal interphalangeal joint

Positioning

With the horse in dorsal recumbency and the foot fixed to a
crossbar so that the distal interphalangeal (DIP) joint is in
extension, good access to the dorsal aspect of the joint is
obtained for both arthroscopic and instrument portals. By
flexing the joint, this position is also appropriate for
arthroscopy of the palmar/plantar aspect of the joint. If the
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Fig. 11.23
Arthroscopic view of
a torn right medial
meniscus (MM) with
associated articular
cartilage lesions on
the medial femoral
condyle (MFC).
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Fig. 11.24
Arthroscopic view of
articular cartilage lesion
(arrow) associated with
a subchondral bone
cyst in the medial
femoral condyle (MFC).



horse is placed in lateral recumbency it is more difficult to
enter the joint from the lower side, but some surgeons prefer
this approach as the lateral pouch is larger.

Arthroscopic approach
Dorsal joint Both the arthroscope and instrument portals
for the dorsal aspect of the DIP joint are situated 2 cm abaxial
to the midline and approximately 2 cm proximal to the coro-
nary band.46

Palmar/plantar joint This is entered medially or laterally
just proximal to the collateral cartilage, palmar/plantar to the
second phalanx and dorsal to the deep digital flexor tendon.47

The lateral pouch is larger.47

Normal anatomy
Dorsal joint The extensor process of the third phalanx lies
in the immediate field of view, though it is often partially
covered with synovium. The most proximal dorsal surface of
the articular cartilage of the second phalanx can be inspected
and proximal to this is the dorsal, proximal reflection of the
joint.
Palmar/plantar joint The palmaro/plantaroproximal
articular surface of the second phalanx and proximal border
of the navicular bone are readily seen and distension of the
joint increases the area of observable articular cartilage
(Fig. 11.25). Underlying the joint capsule the collateral
sesamoidean ligament of the navicular bone can be viewed
inserting on the proximal border of the navicular bone.

Indications for arthroscopy of the distal
interphalangeal joint, specific
techniques and results

Fracture fragmentation of the extensor
process of the third phalanx and the distal
second phalanx

Smaller fracture fragments are readily removed arthroscopi-
cally using the standard portals. It may be necessary to clear
away synovium that sometimes obscures the fracture with a
motorized synovial resector before loosening the fragment

with an elevator and removing it with small rongeurs
(Fig. 11.26). Larger fragments can be split with an osteotome
or burred down to a manageable size with a motorized
arthroburr; the latter is usually easier and less traumatic.
Arthroscopy can also be used to assist internal fixation of
very large fragments. The prognosis is generally good if there
is minimal concurrent degenerative joint disease. In a series
of 16 horses with fracture fragments of the extensor process
treated by arthroscopic excision, 14 horses became sound.46

Articular fracture fragments off the distal dorsal articular
border of the second phalanx can sometimes be accessed and
removed arthroscopically using a standard arthroscope
portal and an instrument portal located over the fragment.48

Some dissection is required to free the fragment.

Assessment of joint disease

Arthroscopic evaluation and debridement of degenerative
joint disease can be of value.49 From a series of 36 horses
treated arthroscopically for chronic DIP joint disease at the
author’s hospital, 18 horses were followed up and eight of
these returned to work for 1 year or more, though the prog-
nosis for long-term soundness was poor.

The shoulder

Positioning

The shoulder joint is most easily examined with the horse in
lateral recumbency, having the affected leg uppermost and
slightly adducted.

Arthroscopic approach

Two arthroscopic approaches have been described. The
arthroscope portal for the cranial approach, which the
author prefers, is sited between the cranial and caudal
eminences of the greater tubercle of the humerus.50 An
18 gauge, 9 cm spinal needle is used to distend the joint with
60 mL of fluid. The arthroscope sleeve with conical obturator
is passed into the joint and then advanced caudally under the
infraspinatus tendon in the lateral aspect of the joint before
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Fig. 11.25
Arthroscopic view of
the palmar aspect of
the left distal
interphalangeal joint
showing the proximal
border of the navicular
bone (NB) and the
palmar articular surface
of the second phalanx
(P2).
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Fig. 11.26
Arthroscopic view of
removal of a type IV
fracture of the third
phalanx with Ferris
Smith rongeurs. FxFr,
fracture fragment; P2,
second phalanx.



inserting the arthroscope. The arthroscope portal for the
caudal approach is sited 1 cm caudal to the infraspinatus
tendon51 just proximal to the level of the humeral head. In
order to widen the joint space curved, blunt-tipped forceps
are passed into the cranial portal so that the tip of the forceps
can be placed in the glenoid notch and used to lever open the
joint.51

The instrument portal site depends upon the lesion to be
operated and is usually more caudal. It should be carefully
sited using a spinal needle. Some lesions are difficult to reach
and almost impossible if the portal is incorrectly positioned.
The portal should be accurately incised into the joint to create
a smooth path for instruments since the skin is several centi-
meters from the joint capsule and extracapsular extravasa-
tion of fluid is almost inevitable during surgery. Adduction
and traction of the limb provide more space between the
articular surfaces.

Normal anatomy

The lateral rim of the glenoid is visible for its full length. The
humeral head and articular surface of the glenoid can be
examined but the caudomedial surfaces are difficult to see
without extra joint separation or a 70° arthroscope lens. The
cranial rim of the glenoid is clearly visible and the glenoid
notch lies medially and caudally to this. Synovial bands lie in
the caudolateral and craniomedial joint capsule and there is
a single synovial band medial to the glenoid notch. The gleno-
humeral ligament may be seen under the joint capsule just
caudal to the glenoid notch.

Indications for arthroscopy of the
shoulder, specific techniques and
results

Osteochondrosis dissecans

Lesions may involve the glenoid cavity, the humeral head or
both of these and vary from deep areas of severe erosion to
articular fissures only detectable on probing (Fig. 11.27).
Medial lesions can be difficult to operate and it is almost
impossible to perform a complete debridement of large cau-
domedial lesions. A right-angled curette is useful. Because of
the development of extracapsular fluid, surgery should be

performed as efficiently as possible. Bertone et al52 reported a
return to full athletic function in five out of 11 horses with
shoulder OCD following arthroscopic surgery and a similar
success rate of 45% from 49 horses operated was reported by
McIlwraith.53

Articular cartilage lesions

Arthroscopy of the shoulder can be a worthwhile treatment
for shoulder lameness, with or without abnormal radio-
graphic signs, that has not responded to conservative treat-
ment. Lesions include cartilage fissures, full-thickness
cartilage defects, fibrillation of the cartilage surface, and
humeral and glenoid subchondral cysts (Fig. 11.28). The
lesions are debrided to healthy tissue and the joint lavaged.
Twelve of 15 horses treated arthroscopically for these
lesions returned to their previous use,54 but in a series of 11
cases at the author’s hospital only three out of eight followed
up returned to full use. Scapulohumeral osteoarthritis in
miniature horses has not responded well to arthroscopic
treatment.55

The elbow

Positioning

Arthroscopy of the elbow is most easily performed with the
horse in lateral recumbency. The affected leg is placed upper-
most when operating from the lateral side and placed lower-
most when operating the medial side. Flexion and extension
of the joint should be possible during surgery.

Arthroscopic approach

For all approaches the joint can be distended with
100–200 mL of fluid using a 9 cm spinal needle inserted
parallel to the joint surface caudal or cranial to the lateral
collateral ligament.
Craniolateral approach The arthroscope portal is placed
2 cm proximal to the radial head and at the cranial border of
the lateral condyle of the humerus.56,57 The arthroscope
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Fig. 11.28
Arthroscopic view of
left midcranial shoulder
showing full-thickness
cartilage lesions
(arrows) in the
articular cartilage of
the humeral head (H)
and the scapula.

Fig. 11.27
Arthroscopic view of
an OCD lesion (OC)
on the lateral left
humeral head (H).The
scalpel is incising the
instrument portal.The
lateral margin of the
scapula is in the top of
the picture.



sleeve and conical obturator are passed to the medial side of
the joint before inserting the arthroscope into the sleeve to
commence the examination. The instrument portal is usually
made slightly more cranial and medial to the arthroscope
portal.
Proximocaudal approach When the joint is distended the
synovial pouch in the olecranon fossa is palpable and a portal
is created in the distal part of the outpouching.56

Caudomedial approach This is sited 2 cm distal to the
radiohumeral articulation between the flexor carpi radialis
and flexor carpi ulnaris muscles.57 The instrument portal is
placed caudal to and at the level of the joint articulation. The
ulnar nerve lies caudal and the median nerve lies cranial to
these muscles so these portals must be positioned accurately.
This approach is a more hazardous access to the caudal joint
than the proximocaudal approach but it allows a better view
of the caudal, medial, humeral condyle.

Normal anatomy

Cranially both condyles of the humerus and the cranial proxi-
mal rim of the radius are visible. A synovial fossa usually divides
the humeral condyles and there are synovial bands extending
from the radius to the humerus in the midjoint region (Fig.
11.29). From the proximocaudal approach the lateral humeral
condyle and part of the medial condyle can be seen together
with the lateral aspect of the anconeus and caudal radius. The
caudomedial approach provides a good view of the medial
humeral condyle. The trochlear notch of the ulna can be fol-
lowed caudad and more caudad still, in the caudoproximal sac,
it is possible to see the medial epicondyle of the humerus, the
deep digital flexor tendon and the cranial border of the ulna.57

Indications for arthroscopy of the
elbow, specific techniques and results

In the author’s hospital the main indication for arthroscopy
of the elbow is sepsis. The craniolateral and proximocaudal
portals can be used to obtain through-and-through lavage.
Less commonly, the joint has been examined to evaluate
chronic trauma, and potentially arthroscopy could be used
for treatment of OCD lesions and subchondral bone cysts in
the humerus if the lesions are accessible.

Endoscopy of the navicular
bursa

Positioning

The horse is positioned in lateral recumbency with the
affected leg uppermost and supported in the proximal
metacarpal/metatarsal region. The foot is free so that it can
be manipulated. A tourniquet is applied.

Endoscopic approach

The portal for the arthroscope is situated immediately proxi-
mal to the collateral cartilage on the abaxial border of the
deep digital flexor tendon (DDFT) and axial to the palmar/
plantar digital neurovascular bundle.58,59 The author prefers
to distend the bursa using a 9 cm spinal needle prior to intro-
ducing the arthroscope sleeve with the conical obturator. The
sleeve and obturator are passed distally along the dorsal
surface of the DDFT and into the bursa. If they are directed
too dorsally or if the foot is overflexed the distal inter-
phalangeal joint may be entered. When operating penetrat-
ing wounds the penetration track can usually be used as the
instrument portal (Fig. 11.30). If not, an equivalent portal to
the arthroscope portal on the contralateral side is used.

Normal anatomy

The impar ligament, most of the palmar/plantar surface of
the navicular bone and opposing DDFT can be examined.
Some flexion of the foot is required to examine the more distal
part of the bursa. Abaxially the collateral ligament of the
navicular bone is visible under the lining of the bursa.
Because of the angle of entry into the bursa, the ipsilateral
side is more difficult to examine.

Indications for endoscopy of the
navicular bursa, specific techniques and
results

Penetration of the navicular bursa

The penetration track can usually be used as the instrument
portal for this procedure (Fig. 11.31). The lesions are
debrided with hand tools and motorized equipment which is
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Fig. 11.29
Arthroscopic view of
the right elbow from
the craniolateral
approach.The lateral
(LC) and medial (MC)
humeral condyles are
visible and a probe is
placed on the cranial
synovial bands (arrow).

Fig. 11.30
Endoscopy of the
navicular bursa using
the penetration in the
frog as the instrument
portal.



particularly useful for debriding the edges of the DDFT. In
closed cases a contralateral portal to the arthroscope portal is
used. An efficient lavage system is essential to achieve the
pressure and quantity of fluid required for effective bursal
lavage. Early reports on the use of bursoscopy for the treat-
ment of navicular bursa penetrations show improved results
compared with the open ‘streetnail’ procedure.58,60

Investigation for abnormalities in the
navicular bursa

This has been postulated as a more sensitive method of iden-
tifying disease in the navicular bursa,59 but at present there
are no published reports on the value of the procedure.

Tenoscopy of the
palmar/plantar digital
sheath

Positioning

The digital sheath can be operated from its medial or its
lateral side. The horse is placed in lateral recumbency with a
tourniquet on the affected limb above the hock/carpus so that
it does not obstruct the use of instruments parallel to the
limb. The limb can be supported at the foot or above the
fetlock.

Tenoscopic approach

Distension of the sheath can be effected with approximately
30 mL fluid either into the small outpouching of the digital
sheath distal to the proximal digital annular ligament or into
the sheath at the site of the arthroscope portal.61 This lies
between the proximal digital annular ligament and the
annular ligament of the fetlock 1 cm distal to the base of the
sesamoid bone and halfway between the ergot and the neuro-
vascular bundle. An incision is made into the sheath and the
arthroscope sleeve and a conical obturator passed obliquely

into the sheath towards the contralateral side and lateral to
the flexor tendons (Fig. 11.32). If the sleeve does not pass
easily it should be redirected since the flexor tendons can
readily be damaged by excessive pressure with the arthro-
scope sleeve and obturator. The digital sheath can also be
entered proximally on the abaxial border of the superficial
digital flexor tendon (SDFT).

Normal anatomy

Examination of the proximal part of the sheath can be ham-
pered by the bulb of the heel obstructing manipulation of the
arthroscope, but this can be partially alleviated by flexing the
foot. On insertion of the arthroscope into the sleeve, its posi-
tion will be either between the DDFT and SDFT, superficial to
the SDFT or dorsal to the DDFT. Superficially an important
landmark is the manica flexoria coursing around the DDFT.
The attachment of the SDFT to the synovial capsule prevents
examination of the contralateral surface palmar/plantar to
the SDFT. The best access to the proximal reflection of the
sheath is obtained by passing the arthroscope between
the DDFT and the SDFT or dorsal to the DDFT. Directing the
arthroscope into the distal sheath reveals the division of the
SDFT overlying the DDFT. The straight sesamoidean ligament
can be identified beneath the synovial lining dorsal to the
DDFT. The branches of the SDFT can be followed to their
insertion either side of the DDFT. The distal attachments of
the digital sheath to the DDFT are visible by passing the
arthroscope more distally.

Indications for tenoscopy of the
palmar/plantar digital sheath, specific
techniques and results

Annular ligament desmitis

This procedure can be performed using a proprietary slotted
cannula and angle tip knife system (Smith and Nephew
Dyonics Inc, Andover, Massachusetts)62 but the author
prefers to use a meniscal knife to cut the annular ligament
under tenoscopic control (see Fig. 11.32). The arthroscope is
passed proximally and superficially so that the manica
flexoria is identified, confirming that the arthroscope lies
between the SDFT and the annular ligament. An instrument
portal is made proximal to the annular ligament and ipsi-
lateral to the arthroscope following careful positioning with a
hypodermic needle so that the portal can be viewed teno-
scopically. The meniscal knife is passed through the portal to
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Fig. 11.32
Tenoscopic annular
ligament desmotomy
using a meniscal knife.
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Fig. 11.31
Endoscopic view of the
left fore navicular
bursa which had
sustained a penetrating
wound 7 days
previously.There is
extensive cartilage loss
on the navicular bone
(NB) and a deep
erosion in the bone.A
probe has been passed
into the bursa through
the penetration in the
deep digital flexor
tendon (DDFT).



the distal end of the annular ligament in order to cut the
ligament by withdrawing the knife under tenoscopic control
(Fig. 11.33). Confirmation that the distal end has been
adequately released can be achieved by reversing the portals.
Anecdotally there seems to be a better cosmetic result and
very low incidence of incisional problems in comparison with
open surgery. A comparison of the results of 56 desmotomies
performed by open surgery and 45 desmotomies performed
tenoscopically has been made at the author’s hospital.
Follow-up information was obtained on 32 and 28 horses
respectively and of these, 63% treated by open surgery and
82% treated tenoscopically returned to work (Walmsley and
Phillips, unpublished data, 2002).

Treatment of synovial masses, adhesions and
manica flexoria injuries

These conditions often accompany annular ligament desmitis
and have been named ‘complex digital sheath tenosyn-
ovitis’63 (Fig. 11.34). The lesions can be operated through the
same portals used for annular ligament release. A motorized
synovial resector may facilitate the resection of lesions and
the debriding of the surface of the flexor tendons.63 It is
preferable to perform annular ligament desmotomy after
debriding the lesions. Tenoscopic treatment for this condition
has been reported for 25 horses, 75% of which returned to
athletic use.63

Tenoscopy of the carpal
sheath

Positioning

For this procedure the horse can be positioned either in
lateral recumbency, with the affected leg uppermost, or in
dorsal recumbency. The carpus should be slightly flexed. A
tourniquet is useful when using lateral recumbency.

Tenoscopic approach

The sheath is distended with 60–120 mL of fluid using an
18 gauge, 5 cm needle inserted at an angle of 60° distally
between the ulnaris lateralis and lateral digital extensor
tendons, 1.5 cm proximal to the distal radial physis.64 The
proximal arthroscope portal is sited 3 cm proximal to the
radial physis and 2.5 cm caudal to the radius.64 The distal
portal can be made distal to the accessory carpal bone in the
outpouching of the distended sheath.65

Normal anatomy64–66

Proximally the DDFT lies in the caudal aspect of the sheath
and is joined by the radial head of the deep digital flexor
muscle which courses from the cranioproximal aspect of the
sheath. The accessory ligament (AL) of the SDFT, with its
fibers running perpendicular to the radius, can be seen
medial to the radius just caudal to the DDFT. The distal radial
physis can be detected distal to the arthroscope portal and
from here the DDFT can be followed medial to the accessory
carpal bone to the distal end of the carpal sheath. The lateral
border of the SDFT is found palmar to the DDFT and proximal
to the antebrachiocarpal joint but the arthroscope cannot be
passed medially between them because of an intertendinous
ligament joining their medial borders.

Indications for tenoscopy of the carpal
sheath, specific techniques and results

Osteochondroma of the distal radius

These lesions are viewed from a proximal portal. The osteo-
chondroma can be separated with an osteotome and removed
with large rongeurs.67,68 The radius is then smoothed with a
curette or burr and excessive fibrillation in the sheath
removed with a synovial resector. Good results have been
achieved in the few reported cases.67,68

Desmotomy of the accessory ligament 
of the superficial digital flexor tendon 
(AL-SDFT)

The use of this technique in experimental horses has been
reported.69 The arthroscopic portal lies 2–3 cm proximal to the
distal radial physis in order to observe the proximal part of the
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AL-SDFT underneath the radial head of the DDFT, and the limb
is flexed to a right angle after distension of the sheath and inser-
tion of the arthroscope. Using a meniscal knife, the ligament is
sectioned under the DDFT as close as possible to its caudal edge
where it joins the SDFT. The incision must be extended through
the proximal end of the sheath in order to reach the proximal
limit of the ligament and care must be taken to avoid the perfo-
rating vessel. Maintenance of sheath distension is important.

Other indications

These include tenosynovitis of the carpal sheath and any
inflammatory condition of the sheath.

Tenoscopy of the tarsal
sheath

Positioning

The horse can be placed in dorsal or lateral recumbency unless
access to the lateral side of the proximal pouch is required.

Tenoscopic approach

Best access into both the proximal and the distal tarsal sheath is
obtained through an arthroscopic portal sited on the medial
aspect of sustentaculum tali (ST).70 The incision is made
through the retinaculum and the arthroscope sleeve and obtu-
rator are passed into the sheath proximally or laterally from this
site since it is at the point where the DDFT changes direction
within the sheath.70 Portals into the proximal or distal pouches
can be made at their most prominent points.

Normal anatomy70

The lateral deep digital flexor tendon (LDDFT) occupies the
full length of the sheath. It is attached to the sheath by a
mesotendon on its medial aspect. The proximal pouch is spa-
cious. In the tarsal groove there is much less room but the
arthroscope can still be directed either side of the LDDFT. The
fibrocartilage covering the ST can be seen medial and dorsal
to the LDDFT. In the distal pouch there is a clear demarcation
between the fibrocartilaginous groove of the tarsal canal and
the insertion of the accessory ligament of the DDFT.
Dorsomedially there is a synovial fold attached to the LDDFT.

Indications for tenoscopy of the tarsal
sheath, specific techniques and results

Sustentaculum tali injuries

Fractures or bony proliferations or other lesions of the medial
border of the ST can be treated tenoscopically70 (Fig. 11.35).
Lesions extending beyond the medial plantar edge may
require open surgery. In order to gain access to the lesion, the

arthroscope portal described above can be used as an instru-
ment portal and the arthroscope placed medially in the
proximal pouch.

Chronic traumatic tenosynovitis, adhesions,
nodular hypertrophic villi

Any chronic condition of the tarsal sheath that has not
responded to conservative treatment may benefit from
tenoscopy. Portal positions will depend on the lesions and
radiographic and ultrasonographic preoperative assessment
can be useful when determining the best portal sites.

Endoscopy of the
intertubercular bursa 
of the humerus

Positioning

The horse should be placed in lateral recumbency with the
affected leg uppermost. It is useful to be able to extend the
limb cranially and abduct the limb during endoscopy.

Endoscopic approach

The bursa is distended with 100 mL of fluid through a 9 cm,
18 gauge spinal needle. The distal arthroscope portal is sited
2–3 cm proximal to the deltoid tuberosity on the dorsolateral
aspect of the humerus.71 The arthroscope sleeve and obtura-
tor are advanced proximomedially through the brachio-
cephalicus and caudal to the biceps brachii muscles into the
bursa on the dorsal surface of the humerus. The proximal
portal can be sited endoscopically using needle placement to
position the portal, which is 2–3 cm proximal to the greater
humeral tubercle and lateral to the biceps brachii tendon.71

Either portal can be used as an instrument portal.

Normal anatomy

From the distal portal the distal medial and lateral aspects of
the humeral tubercles and the intertubercular grooves can be
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seen caudal to the biceps brachii. The two diverging lobes of
the biceps brachii lie in the intertubercular grooves. The prox-
imal recess is viewed by passing the arthroscope proximally
along the lateral aspect of the biceps brachii (Fig. 11.36). The
proximal recess can also be examined from the proximal
portal. The medial intertubercular groove is inaccessible to
instruments from these portals.

Indications for endoscopy of the
intertubercular bursa, specific
techniques and results

Traumatic bursitis

In the author’s experience sepsis of the bursa is the most
frequent indication for endoscopy and this has also been
reported,72 but chronic aseptic bursitis is an occasional
indication for endoscopy. Lesions involving the medial aspect
of the bursa are difficult to access and may not be treatable
endoscopically.

Joints seldom approached
arthroscopically

Proximal interphalangeal joint

Arthroscopy of this joint is occasionally indicated for removal
of bone fragments73 or treatment of sepsis. There is very little
room to maneuver in this joint. The horse can be placed in
dorsal or lateral recumbency. Following distension of the
joint, the arthroscopic portal is made medial or lateral to the
extensor tendon at the distal edge of the distended joint
capsule. The position of the instrument portal can be decided
by needle placement over the lesion.

Coxofemoral joint

Arthroscopy can be useful diagnostically and therapeutically
in horses with traumatic injuries, osteochondrosis and sepsis

in the coxofemoral joint74,75 (Fig. 11.37). For horses whose
bodyweight is greater than 300 kg all instrumentation must
be 25 cm long.74

With the horse in lateral recumbency the joint is distended
and the arthroscope portal made over the notch between the
cranial and caudal prominences of the greater trochanter of
the femur. The arthroscope sleeve with its obturator is
advanced along the femoral neck into the joint. The margins
of the acetabulum and femurs can be examined but axial
traction on the limb is necessary to view the central part of
the joint and the round ligament. The medial joint is difficult
to examine, particularly in adults. A 70° arthroscope
improves the examination of the caudomedial and cranio-
medial aspects of the femoral head.74 The instrument portal
is made 4–6 cm cranial to the arthroscope portal and
checked by needle placement.

Temporomandibular joint

This joint is divided into a smaller ventral compartment
(discomandibular joint) and a larger dorsal compartment
(discotemporal joint) by an intra-articular disc. Disorders of
the joint include degenerative joint disease, tearing of the
articular disc and sepsis.76 Ultrasonography can be used to
identify the joint space between the lateral eminences of the
temporal bone and the mandibular condyle,76 as well as iden-
tifying the overlying parotid salivary gland and facial vessels.
When the joint has been distended with 5 mL of fluid, the
discotemporal joint is entered caudodorsally at the center 
of the outpouching.76,77 A standard 4 mm arthroscope 
can be used but there is very little room to maneuver it. The
discomandibular joint is a smaller joint and can only be
entered rostrolaterally.76 The facial vessels lie close to the 
site of access. Only the lateral part of either joint can be
examined.
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lamenesses.1,2 This economical disaster justifies the great effort
now being put into equine locomotion research, including clin-
ical applications and techniques for preventing lameness.
Currently, economic constraints also favor the development of
early performance evaluation in order to improve the training
and selection of young horses.

This chapter presents a review on equine locomotion and
the applications of gait analysis. Current knowledge con-
cerning the equine locomotion variables in various sporting
disciplines and the influence of training are discussed.
Finally, a survey of the practical applications of equine gait
analysis will be presented.

Locomotion analysis

The body of the horse is composed of a set of rigid segments
articulated one to another. Consequently, the body of the
horse follows exactly the same mechanical laws as a series of

Introduction

The horse is a superathlete which often suffers from injuries of
its locomotor apparatus because of human management errors
(nutrition, training, shoeing, breeding), bad environmental
conditions (tracks, weather) and/or an unfavorable constitution
(limb conformation, genetics). In stables specializing in gallop
racing, about 53–68% of the wastage in race horses is due to

Biomechanics of locomotion in the
athletic horse
Eric Barrey

CHAPTER 12

Introduction 210
Locomotion analysis 210
Response to exercise: velocity-related changes in gaits and 

stride characteristics 217
Response to training: influence of age and training on 

locomotor variables 221
Applications of equine gait analysis 222
References 228

Segment i: mass and dimensions

Articulated segment horseSolid horse

CG
CG

OCG = ∑miOcgi
cgi

Fig. 12.1
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composed of articulated
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of gravity (cg i)and the
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calculated.The location of
the general center of
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Reproduced from Barrey E.
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limitations of gait analysis in
horses.The Veterinary
Journal 1999; 157:7–22.



inanimate objects (Fig. 12.1). However, these laws need to be
applied carefully because the mechanical equations which
determine the motions of a set of articulated body segments
are much more complicated than those that determine the
motion of a single inanimate object like a bullet. There are
two complementary methods for studying the body in
motion: kinetics and kinematics (Box 12.1).

● Kinetics or dynamics studies the cause of the motion, which
can be explained by the force applied to the body, its mass dis-
tribution and its dimensions. Kinetics is concerned with
forces, energy and work which are also related to kinematic
variables such as acceleration and velocity. Acceleration can
be directly measured by specific sensors. However, accelera-
tion is defined as an instantaneous change of velocity (i.e. the
derivative of the velocity against time). Consequently, it can
be deduced from velocity data obtained in kinematics by dis-
placement measurements.

● Kinematics studies the changes in the position of the body
segments in space during a specified time. The motions are
described quantitatively by linear and angular variables
which relate time, displacement, velocity and acceleration.
No reference is made in kinematics to the cause of motion.
The kinematic approach is more commonly employed,
probably because it is easier to measure and visualize some
displacements or velocities than to measure and imagine
some forces, moments or accelerations applied to the body.

Kinematic analysis

The use of chronophotography was first developed by
Muybridge and Marey for animal locomotion analysis.
Currently new technology, using high-speed cameras
(16 mm, 500 images/s), is used for example to film the loco-
motion of Standardbred horses from a camera car under
track conditions.3 Markers are used which are composed of
small white spots or half spheres glued onto the skin over
standard anatomical locations (Fig. 12.2A).4,5 They are
intended to indicate the approximate instantaneous center of
rotation of the joint.6,7 However, the skin displacements over
the skeleton during locomotion generate some artifacts,
especially in the proximal joints.8,9

The processing of the film for collecting the joint marker
co-ordinates is undertaken using a computer. This is a rela-
tively time-consuming task but many time and linear charac-
teristics of the strides can be obtained for describing
individual gait variations. With the improvement of the video

camera sensors (CCD) many professional high-speed video
cameras (100–2000 images/s) and home video cameras (PAL
or NTSC Standard: 25–30 images/s or 50–60 frames/s) can be
employed for locomotion analysis. The video signal can be
treated by a video interface in order to digitize the images which
are then analyzed by the appropriate software to collect semiau-
tomatically or automatically the marker co-ordinates in space
and time.10 A more sophisticated motion analysis system uses
active markers which consist of photodiodes (modified
Cartesian Optoelectronic Dynamic Anthropometer; CODA-3).
The advantage of this system is its good resolution
(0.2–2.6 mm) in three dimensions, high recording frequency
(300 Hz) and the automatic tracking possibilities of the active
markers.11 The main disadvantage is that the subject needs to be
equipped with many photodiodes connected to wires.

Most equine locomotion studies show two-dimensional
motion analysis but some systems with four or more video
cameras make it possible to reconstruct the motion in three
dimensions and to analyze the limb motions of both sides.12,13

One limit of these sophisticated gait analysis systems is the
restricted field of view. This is only about 5 meters which cor-
responds to several walking strides or one trotting stride. In
order to analyze sporting exercise in a wider field (up to 30 m),
a camera panning technique has been developed and used to
study gait parameters in dressage and jumping horses.10,14,15

This technique can be used for the kinematic analysis of ath-
letic locomotion under real exercise conditions (Fig. 12.2B).

After filming, the operator needs to track manually, semi-
automatically or automatically, the co-ordinates of the
markers on each image of the film. In most of the systems,
the tracking phase is a long task because there are many
images to analyze and as the markers are not always easy to
detect automatically, manual supervision is required.
Nowadays, the use of specific algorithms such as direct linear
transform (DLT) is an efficent way to automatically determine
the trajectory of the markers. This makes it possible to use
these systems for practical applications such as lameness
quantification or athletic gait evaluation.

After collecting the co-ordinates of the markers, the linear
and angular velocities can be obtained by computing the first
derivative of the trajectories and angles with respect to time.
If the filming image frequency is high, the second-order
derivative of a trajectory or angular variation with respect to
time, using appropriate smoothing and filtering techniques,
provides linear and angular acceleration data. The advantage
of kinematics methods is that you can obtain all the kine-
matic parameters (displacement, velocity, linear acceleration,
angle of rotation, angular velocity and angular acceleration)
of the identified segments. If the center of gravity and the
moment of inertia of each segment can be determined by
measuring their mass distribution and dimensions, it is possi-
ble to calculate the kinetic parameters (forces and kinetic
moment), which determine the motion of each segment,
from the kinematic data. Finally, the kinetic energy can be
estimated for each segment and for the whole body in motion.
Several methods have been described to estimate the location
of center of gravity and the moment of inertia of each
segment (Fig. 12.2C).15–17
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Kinetics Kinematics
Explain cause of motion Describe the motion
Forces, kinetic moments, Trajectories, angles, velocities,
accelerations, work, energy accelerations
Transducers → signals Images → co-ordinates
Rapid analysis Time consuming
Synthetic information Details of the movements
Physical sensitivity Visual

Box 12.1 Advantages and limits of the methods



Kinetic analysis

Another approach to the study of the biomechanics of locomo-
tion is to measure either the external forces applied to the body
or the accelerations of the center of gravity of the body seg-
ments. Marey (1873) was the first author to use a pressure

sensor attached to the ground surface of a horse shoe and
accelerometers attached to the limbs to measure the
hoof–ground contact durations at the various gaits.18 All the
sensors measured forces using pneumatic principles. The varia-
tions in pressure generated by the various transducers were
recorded by tracing curves with a portable pneumotachograph.
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Fig. 12.2
Example of two-dimensional kinematic study of jumping horse. (A) One image extracted from the video film shows the horse and
rider equipped with white anatomic markers.These markers are used to identify the location of each joint on each image. (B) Film
recording procedure for a panning camera system to film and analyze the motion of a large field (30 m) as in jumping exercise.A set
of ground reference planes was placed parallel and behind the horse trajectory. (C) Data analysis procedure to compute the center
of gravity (CG) and total kinetic moment (L).After tracking the markers of each joint, the co-ordinates data were used to calculate
the center of gravity (CGi) of each segment, the velocity (Vgi), the moment of inertia (Ii), the angles (�i), the angular velocity (�i) and
the external and internal kinetic moment. (Fig. 12.2B, C reproduced from Galloux and Barry15 with permission.)



Ground reaction forces

Modern sensor technology is much impoved and is capable of
making accurate measurements over a large range of condi-
tions. However, the measurement principles have remained
identical. The external forces are measured using electronic
force sensors which record the ground reaction forces when
the hooves are in contact with the ground. The sensors can be
installed either on the ground in a force plate device or in a
shoe attached to the hoof. The force plates can provide the
force amplitude and orientation (vector co-ordinates in three
dimensions; Fig. 12.3), the co-ordinates of the point of appli-
cation of the force and the moment value at this point.19–23

The accuracy of this type of device is usually good but the
sensitive surface is rather small (about 0.5 m2) and a visual
control of the hoof trajectory is required.

In human biomechanics, the treadmill has been used to
measure vertical ground reaction forces in standardized exer-
cise conditions. In equine biomechanics, vertical ground
reaction forces are measured for all four limbs simultaneously
with the treadmill integrated force measuring system.24 It is
used for lameness evaluation in standardized conditions of
speed, hardness of the ground and environment.25

In order to measure the ground reaction forces during
various exercises, several authors have developed hoof force
shoes including one or several force sensors (Fig. 12.4).18,26–30

213
12 Biomechanics of locomotion in the athletic horse

Fx N/kg

Fy N/kg

– 0.5

1.0

0

1.0

Fz N/kg

6

4

2

0
RH
RF
LH
LF

M3               M4                M5          M6          M7               M8         M1          M2          M3              M4                 M5

Fig. 12.3
Limb positioning at the time of characteristic ground reaction force amplitudes of the right fore and hindlimbs of a clinically sound
Dutch Warmblood horse at normal walk.The phases of the concurrently loaded limbs are presented in a bar diagram. (Reproduced
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Depending on their design, these devices can give between one
and three components of the ground reaction forces and the
point of application. They are generally less accurate than the
force plate and their main disadvantage is the additional
weight and thickness of the special shoe. Recently, another
indirect ambulatory technique of ground reaction force 
evaluation was proposed using strain gauges glued onto the
hoof wall. After the training of the appropriate artificial
neural networks, the ground reaction forces can be estimated
from the hoof wall deformations.31

Acceleration analysis

Acceleration analysis is a kinetic method which measures
instantaneous change of velocity which is produced by apply-

ing a force on a solid during the same duration. Acceleration
measurements are performed using small sensors (accelero-
meters) which should be firmly attached to the body segment
under study. These sensors are made of a small suspended
mass giving a signal which is proportional to the accelera-
tion. A sudden change in velocity can give a high accelera-
tion or deceleration (decrease of acceleration) even if the
displacement is small. The acceleration vector is proportional
to the resultant force applied to the body’s center of gravity
and its measurement provides a convenient way to study the
kinetics of a body in motion.

In order to analyze horse locomotion, the accelerometer
should be placed as near as possible to the body center of
gravity. The caudal part of the sternum between the right and
left pectoralis ascendens muscles at the level of the girth 
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(A) Horse shoe for measuring vertical ground reaction
forces. (B) The hoof was supported by four force
transducers (strain gauges,Wheaston bridge) in order to
measure hoof force distribution between heels, quarters
and toe.
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Fig. 12.5
Accelerometric Equimetrix gait analysis system. (A) Two- or three-dimensional accelerometers are fixed on the sternum by an
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provides a good compromise between transducer stability and
closeness to the horse’s center of gravity (about 65 cm dorso-
caudally at the gallop). The acceleration signal is transmitted
to a PC or recorded with a small data logger placed in the
saddle pad (Fig. 12.5A). The first application of this gait
analysis system (Equimetrix TM) was used for harnessed
trotters evaluation.32 The acceleration signal, such as dorso-
ventral acceleration of the trot (Fig. 12.5B), could be treated
by signal analysis procedures in order to extract the dynamic
and temporal stride variables. Calculating the double integral
of the linear acceleration makes it possible to find kinematic
variables (linear or angular displacement) such as the instan-
taneous displacement of the saddle in space.33 Several exam-
ples of gait variables calculated from acceleration data will be
presented in the following paragraphs.

Acceleration measurements could also be employed for
analyzing the energy characteristics of shocks and vibrations
which are transient in the hoof.34–36 An accelerometer could
be fixed on the hoof wall in order to measure the maximal
deceleration of the hoof impact on the ground and the vibra-
tion frequency (Fig. 12.6). The influence of horse shoes and
ground surface characteristics could be studied using this
method.

The main advantage of using an accelerometric trans-
ducer is the simplicity of the measuring technique. It can
easily be used under field conditions. The main limitation is
that the measurements are given with respect to a set of body
axes and consequently it is not easy to calculate the accelera-
tion, velocity or displacement values with respect to a set of
ground axes.

Conditions of gait measurements:
treadmill exercise versus ground
exercise

Under laboratory conditions it is possible to study the loco-
motion of horses running on an experimental track or on a
treadmill. The latter provides an excellent means of control-

ling the regularity of the gaits because the velocity and slope
of the treadmill belt are entirely fixed by the operator. In order
to analyze the gait of a horse without stress, some pre-
experimental exercise sessions are required to accustom it to
this unusual exercise condition.37 The horse adapts rapidly at
the trot and stride measurements can be undertaken begin-
ning at the third session. For the walk, many stride parame-
ters are not stable even after the ninth training session.
Within a session, a minimum of 5 min of walking or trotting
is required to reach a steady state of locomotion.

Many fundamental locomotion studies have been per-
formed on commercially available high-speed treadmills,
since the development of the first installation of this type of
machine at the Swedish University of Agricultural Science in
Uppsala.38 At the beginning of human treadmill use, it was
suggested that locomotion on a treadmill would be exactly
the same as on the ground.39 This hypothesis did not take into
account the fact that the human body is not a rigid body
system but an articulated set of segments. In horses, it was
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Fig. 12.6
Accelerometer fixed on
the hoof to study the
shocks and vibrations of
the hoof after impact on
the ground.The influence
of the ground surface
and the shoe on the
shock damping was
studied using this
transducer.

Fig. 12.7
Comparison of the stride frequency (A) and heart rate (B) of horses galloping on track, flat treadmill and 3.5% inclined treadmill.At
the same velocity, the stride frequency is lower on the treadmill (i.e. stride length longer) than on the track.The heart rate response
is the same on track and 3.5% inclined treadmill. (Reproduced from Barrey et al. Equine Athlete 1993; 6:14–19, with permission.)
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demonstrated experimentally that the stride parameters are
modified in flat and inclined exercise at trot and canter.23 At
the same speed, the stride frequency was lower on the tread-
mill and the stride length was longer than in overground con-
ditions (Fig. 12.7A). The exercise on a flat treadmill generated
a lower cardiac and blood lactate response than exercise on
the track at the same velocities.23,40 In Trotters tested under
two training tracks and treadmill conditions, there were no
significant differences in locomotor and physiological vari-
ables between tracks but the treadmill had the same influence
as in saddle horses.41 In order to reproduce approximately the
same energetic exercise on a treadmill, it was found that a
treadmill incline of 3.5% gives the same heart rate response
as in overground conditions (Fig. 12.7B).

The mechanical reasons for these differences are still not
entirely understood but some explanations have been sug-
gested by the experimental and theoretical results. The tread-
mill belt is driven by the motor and it helps the horse’s limbs
to move backwards (Fig. 12.8). The speed of the treadmill belt
fluctuates in relationship to the hoof impact on the belt.31

The total kinetic energy of human runners filmed at the same
speed on flat track and treadmill was calculated using the
kinematic data (all the body segments taken into account). It
was found that the total kinetic energy was reduced by a
factor of 10 on the treadmill compared with on the track.42

This difference was mainly explained by a reduction of the
kinetic energy of each limb and arm segment, which moved
with a lower amplitude around the total body center of
gravity on the treadmill as compared with track conditions.
However, these results cannot be extrapolated to the horse
because the measurements and calculations do not relate to
quadrupedal locomotion.

At a slow trot, a 6% inclination of the treadmill tends to
increase the stride duration and significantly increases the
stance duration of the forelimbs and hindlimbs.43 Kinematic
analysis has confirmed that the hindlimbs generated higher
propulsion work on the inclined, rather than flat, treadmill.
The inclination of the treadmill did not change the stride
length nor did it change the stance, swing and stride duration
in a cantering Thoroughbred.44
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Fig. 12.8
Schematic diagram of hoof force differences in overground
and treadmill locomotion.The additional force of the treadmill
motor acts on the hoof which could explain the decrease of
work and increase of stride length observed in treadmill
exercise. (Reproduced from Barrey et al. Equine Athlete 1993;
6:14–19, with permission.)
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Response to exercise:
velocity-related changes in
gaits and stride
characteristics

Gait terminology and definitions of
stride characteristics

Gait variety and complexity have always created difficulties
because of the need for adequate terminology to describe the
locomotor phenomenon. Some efforts have been made to
define a standard terminology for describing equine locomo-
tion.45–47 A gait can be defined as a complex and strictly co-
ordinated rhythmic and automatic movement of the limbs
and the entire body of the animal which results in the pro-
duction of progressive movements. A two-, three- or four-beat
gait corresponds to the number of hoof impacts that can be
heard during a stride of trot, canter and gallop, respectively.
The sounds are related to the footfall sequence of the gait but
small asynchrony cannot be detected audibly. To describe the
footfall sequence of each gait, it is useful to name the four
limbs: right forelimb (RF), left forelimb (LF), right hindlimb
(RH) and left hindlimb (LH). Many methods have been pro-
posed to describe more precisely in time and space the limb
movements: drawings, chronophotographies, stick bar
(Fig. 12.9), phase and pie diagrams.18,48–50

The stride is defined as a full cycle of limb motion. Since
the pattern is repeated, the beginning of the stride can be at
any point in the pattern and the end of that stride at the same
place in the beginning of the next pattern. A complete limb
cycle includes a stance phase when the limb is in contact 
with the ground, a swing phase when the limb is not in
contact with the ground and a suspension phase when 
none of the hooves is in contact with the ground. The 
stride duration is composed of the stride stance phase 
(total duration of ground contact) plus the suspension 
phase. It is also equal to the sum of the stance and swing
phase duration of one limb. The stride frequency corres-
ponds to the number of strides performed per unit of
time. The stride frequency is equal to the inverse of stride
duration and it is usually expressed in stride/s or in hertz 
(Hz).

During a unipodal stance phase, only one limb is in
contact with the ground, as in the gallop. One forelimb and
hindlimb can be synchronized in two different ways.

1. During a diagonal stance phase, for example at the trot, a
hindlimb and the contralateral forelimb are in contact
with the ground at the same time. The left diagonal is
composed of the left forelimb and right hindlimb; the right
diagonal is composed of the right forelimb and left
hindlimb.

2. During a lateral stance phase, for example at the pace, the
hindlimb and forelimb of the same side are in contact with
the ground at the same time.

When the forelimbs and hindlimbs hit the ground non-
synchronously during a lateral or diagonal stance phase, the
time elapsed between the hindlimb and forelimb contact is
called the advanced placement. It is positive if the hindlimb
hits the ground first. Similarly, the advanced lift-off can be
measured between the hooves lifting off.

The stride length corresponds to the distance between two
successive hoof placements of the same limb. The over-reach
or overtrack is defined as the distance between the hindlimb
imprint and the ipsilateral forelimb imprint. It can be positive
or negative if the imprint of the hindlimb is in front of the
forelimb imprint (positive) or behind it (negative).

The number of lines defined by the successive hoof
imprints on the ground defines the number of tracks. This
qualitative information characterizes the transverse motion
of the gait. If the horse locomotion is slow and straight, there
should be two tracks because the forefeet are exactly in the
same line as the ipsilateral hindfeet. In some dressage
exercises, such as ‘shoulder in’, ‘haunches in’, ‘quarters-in’,
‘quarters-out’ or ‘half pass’, the horse can use two, three or
four tracks. During the examination of a hindlimb lameness,
three or four tracks can be observed and usually the lame
hindlimb follows one of the median tracks. The fast trot of a
harness trotter usually shows four tracks with the two
hindlimbs most abaxial.

Variety of gaits

The main characteristics of the equine gaits are described in
Table 12.1. Within each gait there exist continuous varia-
tions from slow speed with a collected gait to higher speed
with an extended gait. Two types of gait can be distinguished
by the symmetry of the limb movement sequence with
respect to time and the median plane of the horse:

● symmetric gaits: walk, trot, toelt (paso) and pace
● asymmetric gaits: canter, transverse and rotary gallop.

Several methods have been proposed to classify the gaits
acording to their temporal characteristics. The continuum of
symmetric gaits was described by a diagram proposed by
Hildebrand.51 The stance duration of the hindlimb was
plotted against the lateral advanced placement. On the x axis,
the stance duration of the hindlimb indicates if the gait is
walked (no suspension phase) or run (two suspension
phases). On the y axis, the lateral advanced placement quan-
tifies the asynchrony or the phase lag of the lateral forelimbs
and hindlimbs. The two-beat gaits are up and down the
diagram and the four-beat gaits are in the middle part of the
diagram. Another diagram has been proposed for illustrating
the diagonal gaits by plotting the hind stance phase duration
against the diagonal advanced placement.52

Another method, based on a series of coupled oscillators,
has been proposed to describe and simulate both symmetric
and asymmetric gaits. This model also has the advantage of
describing the gait transitions and unique gaits like ‘aubin’
and ‘traquenard’. The model uses four coupled oscillators
which simulate the cyclical patterns of the four limb 
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movements. By using five methods of coupling the oscillators, 
it was possible to generate all types of equine gaits. This 
type of functional model can be useful to understand 
the locomotor control which includes rhythmic pattern
generators.

Symmetric gaits

Walk The walk is a four-beat gait with a large overlap time
between stance phases of the limbs. This is the slowest equine
gait but probably one of the more complex because of overlap
and lag phase variability. During lameness examination, the
variability of stride regularity and symmetry measured at 
the walk was higher than at the trot.53 In dressage horses, the
speed of the walk increases from the collected walk
(1.37 m/s) to the extended walk (1.82 m/s) and simultane-
ously there is a small increase in stride frequency.54 The
change in speed was primarily the result of lengthening 
of the stride by increasing the overtracking distance. Even 
in horses trained for dressage, the regular four-beat rhythm 
of the footfall was observed in only one of the six horses
measured.
Toelt Icelandic and Paso Fino exhibit a four-beat symmetric
lateral gait (Fig. 12.6). This gait can be called ‘toelt’, ‘paso’,
‘rack’, ‘fox-trot’ or ‘slow gait’. The toelt is comfortable for the
rider because the amplitude of the dorsoventral displacement
is lower than at the trot. The speed ranges between 1.7 and
2.3 m/s and the natural gait transition for toelter is
walk–toelt–canter.

Trot The slow trot is a two-beat symmetric diagonal gait.
Among the normal variations of the trot of saddle horses, the
speed of the gait increases from collected to extended trot.
Passage and piaffe are two dressage exercises derived from
collected trot. However, their temporal variables are different
as was shown in the dressage finals at the Olympic Games in
Barcelona.52 The stride duration is longer (i.e. slower stride
frequency) for piaffe (1.08 s) and passage (1.09 s) than for
collected trot (0.84 s). For most of the other temporal vari-
ables, collected trot and passage were very similar except for
the suspension phase which was shorter in passage. A posi-
tive diagonal advanced placement measured at the collected
trot was observed in the elite dressage horses.52,55 This means
that the hindlimb hits the ground about 20–30 ms before the
diagonal forelimb.

In harness trotters, the trot is so extended that it can reach
a maximum speed of 14.2 m/s with a maximum stride fre-
quency of 2.52 strides/s and a maximum stride length of
5.92 m.56 The diagonal sequence is usually affected and this
particular gait is named the flying trot. It is a four-beat gait
because there is an asynchrony of the impact and/or lift-off
of the diagonal.57 In most cases the hindlimb touches the
ground first (a positive advanced placement). The dissocia-
tion at lift-off is greater than at impact.

Various trot irregularities can occur during a harness race
and the horse can be disqualified by the gait judges: at the
aubin, the forelimbs gallop and the hindlimbs trot while at
the traquenard, the forelimbs trot and the hindlimbs gallop. A
trotter is also disqualified if it breaks into a pace or gallop.
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Classification Gait Gait Footfall Rhythm Type of Speed Stride Stride Limb  Suspension
variations sequence (beat/ symmetry (m/s) length frequency stance phase

stride) (m) (stride/s) phase (s or  
(s or % % stride)
stride)

Symmetric Walk Collected, RH,RF,LH,LF 4 Right/left 1.2–1.8 1.5–1.9 0.8–1.1 65–75% 0
gaits medium, bipedal

extended
Toelt = RH,RF,LH,LF 4 Right/left 3.4–5.3 1.7–2.3 2.23–2.36 40–55% 0
Paso lateral
Trot Piaffe, RH-LF, Susp., 2 Right/left 2.8–14.2 1.8–5.9 0.9–2.52 26–53% 0–9%

passage, LH-RF, Susp. diagonal
collected,
medium,
extended,
flying trot

Pace RH-RF, Susp., 2 Right/left 9.1–16.0 4.5–6.3 1.8–2.4 0.130– 0.081–0.094 s
LH-LF, Susp. lateral 0.138 s

Asymmetric Canter Collected, Trail.H,Lead.H- 3 Asymmetry 2.9–9 1.9–4.6 1.6–2.0 0.28– 0–0.013 s
gaits medium, Trail.F,Lead.F, with a phase 0.30 s

extended, Susp. lag between
disunited limb pairs

Gallop Transverse, Transverse: 4 Asymmetry 9–20 4.5–7.2 2.27–2.92 0.085– 0.063–0.114 s
rotary Trail.H,Lead.H, with a phase 0.09 s 16–28%

Trail.F,Lead.F, lag between
Susp. limb pairs

Table 12.1 Gait characteristics



With increasing speed the stride length increases linearly but
the interference between the hindlimb and the lateral forelimb
becomes a limiting factor. A large over-reach of the hindlimbs
can be performed only if the hindlimbs follow two lateral tracks
(track abaxial to the forelimbs) during the swing phase.
Pace This lateral symmetric gait is used in harness racing
mainly in North America and Australia. The maximum speed
can be faster than at the flying trot. It is also a four-beat gait
at high speeds with dissociation of lateral symmetry at
impact and lift-off. The hindlimb hits the ground before the
ipsilateral forelimb. This lateral advanced placement of the
hindlimb is about 26–30 ms. In comparison with the flying
trot there is less problem with limb interference because the
lateral sequence avoids any contact between the ipsilateral
limbs. Consequently, there are fewer co-ordination difficulties
and it is easier for the horse to increase stride length. These
differences may explain the faster speed records obtained by
pacers (9.4–16.0 m/s) than by trotters (11.8–14.2 m/s).

Asymmetric gaits: canter and gallop

Canter and gallop refer to the same gait at increasing speed:
the canter is a three-beat gait at slow speed and the gallop is
a four-beat gait at a higher speed. At the canter, the diagonal
stance phase is synchronized while at the gallop the footfalls
of the diagonal limbs are dissociated. The first hindlimb hits
the ground before the diagonal forelimb at the gallop. The
gallop is the fastest equine gait and is used by racing horses
such as Thoroughbreds and Quarter Horses.

These two gaits are composed of asymmetric movements of
the hindlimbs and forelimbs. Because of this asymmetry, each
limb is referred to differently: the lead limb is the last one of the
limb pairs to leave the ground. The contralateral limb is called
the non-lead limb or trailing limb. Consequently, there are two
possible symmetric footfall sequences: right lead canter and left
lead canter, and similarly, right lead gallop and left lead gallop.
In free conditions the horse prefers to canter or gallop on the
right lead to go into a right curve. If it is cantering on the right
lead before going into a left curve, the horse will probably
change the lead limb to maintain balance in the curve.

The lead change is the transition between right lead canter
and the left lead canter footfall sequence. It is commonly
accomplished by initially having the horse change the order
of hindlimb placements and then the forelimb placements.
However, in dressage the rider can elicit the canter lead
change during the suspension phase. Racing horses change
leads eight or more times per mile to avoid excessive muscu-
lar fatigue due to asymmetric work of the limbs and also to
minimize the centrifugal forces as they accommodate to the
curve.58

At the gallop, there are two types of footfall sequences
called the transverse gallop and the rotary gallop. The trans-
verse gallop is more frequently used by the horse than the
rotary gallop but the latter may be used briefly under some
circumstances, for example after a lead change or when mus-
cular fatigue occurs during a racing gallop. A disunited
canter occurs with the same footfall sequence as a rotary
gallop except that the stance phase of the diagonal is syn-

chronized. It can be observed for a few strides after a bad lead
change in dressage or following a jump.

The jump is a unique gallop stride where the airborne
phase is a long dissociation of the diagonal. The footfalls of
the jump stride are: trail-H, lead-H at take-off and trail-F,
lead-F at landing. At take-off, the hindlimb stance phase is
more synchronized than in a normal gallop stride to provide a
powerful push-off. The footfalls of the forelimbs at landing are
not synchronized.59 A lead change can take place during the
airborne phase and in this case the change of forelimb place-
ment order takes place before those of the hindlimbs. A dis-
united canter can be observed after the jump if the lead change
of the hindlimbs does not occur immediately after the landing
phase.

Gait transitions

To increase its velocity, the horse can switch gait from walk to
trot and from trot to canter and then extend the canter to gallop.
Each gait can also be extended by changing the spatial and tem-
poral characteristics of the stride. From a dynamic point of
view, a gait transition can be characterized by a gait change
with non-stationary motions of the limbs. Periodicity and rhy-
thm of the limb motions change suddenly. Gait transition is one
of the most difficult basic exercises in dressage where specific co-
ordination should be learned during training exercise.

There is little information about gait transitions in the
scientific literature. The footfall sequence of various gait tran-
sitions has been described by Marey and Lenoble du Teil.18,50

One kinematic study described four types of footfall
sequences observed in dressage horses during the walk–trot
transition.60 One accelerometric study described the instan-
taneous changes of stride frequency and dorsoventral activ-
ity during all types of transitions recorded in competitions.61

From an energetic point of view, it appears that each equid
has a preferred speed for the trot to gallop transition and this
particular speed is related to an optimal metabolic cost of
running.62 However, another experiment demonstrated that
the trot–gallop transition is triggered when the peak of ground
reaction force reaches a critical level of about 1–1.25 times the
bodyweight (Fig. 12.10).63 Carrying additional weight reduced
the speed of trot–gallop transition.

Velocity-related changes in stride
characteristics

For increasing the speed at a particular gait, the amplitude of
the steps becomes larger and the duration of the limb cycle is
reduced in order to repeat the limb movements more frequently.
Stride frequency (SF) and stride length (SL) are the two main
components of gait speed. The mean speed (V) can be estimated
by the product of stride frequency by stride length: V = SF × SL.
The velocity-related changes in stride parameters have been
studied in many horse breeds and disciplines. Stride length
increases linearly with the speed of the gait. Stride frequency
increases non-linearly and more slowly.5,64,65 For a quick
increase of running velocity such as that occurring at the start
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of a gallop race, stride frequency reaches its maximum value
first to produce the acceleration, while the maximum stride
length slowly reaches its maximum value.66

In Thoroughbred race horses, the fatigue effect on stride
characteristics increases the overlap time between the lead
hindlimb and the non-lead forelimb, the stride duration and the
suspension phase duration.67 The compliance of the track
surface also can influence the stride parameters when the

horse is trotting or galloping at high speed. At the gallop, stride
duration tends to be reduced on a harder track surface.38 There
is a slight increase in stride duration on wood-fiber tracks in
comparison with turf tracks at the same speed. When the rider
stimulated the horse with a stick, a reduction in stride length
and an increase in stride frequency corresponding to a reduc-
tion of the forelimb stance phase duration were observed.
However, velocity was not significantly influenced.68

Most of the kinetic and temporal stride variables were
influenced by the velocity of the gallop. Stride frequency,
stride length and diagonal dissociation increased linearly
with velocity. Velocity was mainly increased by the increase
in stride length and secondly by stride frequency. Increase in
stride length is mainly explained by the lengthening of the
diagonal and airborne phases of the stride.65 The overlap
duration of the diagonal decreased linearly to about 50 ms as
the galloping speed increases.58,69 In order to increase gallop
stride length, the movements of the hindlimbs and forelimbs
are dissociated and length between the footfalls of the diago-
nal increases. The time elapsed between forelimb midstance
phases and between hindlimb midstance phases is kept con-
stant and independent from velocity.65

Respiratory coupling at trot, canter
and gallop

Some relationships have been established between stride
parameters and other physiological variables. At the canter and
gallop, the respiratory and limb cycle are synchronized.
Inspiration starts from the beginning of the suspension phase
and ends at the beginning of the non-lead forelimb stance
phase. Expiration then occurs during the stance phase of the
non-lead and lead forelimbs (Fig. 12.11).70 Expiration is facili-
tated by compression of the rib cage during weight bearing of
the forelimbs. This functional coupling might be a limiting
factor for ventilation at maximal exercise intensity. At the walk,
trot and pace there is not a consistent coupling of locomotion
and the respiratory cycle. At a trot, the ratio between locomotor
and respiratory frequency ranged between 1 and 3 with respect
to the speed, the duration of exercise and the breed.71,72 The
same type of low-level coupling was observed at a pace where
the ratio between stride and respiratory frequency was 1–1.5.73

Muscle fiber characteristics and
locomotion

The relationship between stride parameters and muscle fiber
composition was studied in Standardbreds at high speed.74

The stride length and frequency were extrapolated at a speed
of V200 or V = 9 m/s. The stride length is positively corre-
lated with the percentages of type I fiber (aerobic slow twitch)
and type IIA (aero-anaerobic fast twitch) and negatively cor-
related with the percentages of fiber type IIB (anaerobic fast
twitch). The stride frequency was positively correlated with only
the percentage of type IIA fiber. However, in another study the
opposite result was found: a negative correlation between the
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Fig. 12.10
Gait transition determinism.When the horses carried weights,
they switched to a gallop at a lower speed but essentially the
same critical level of forces as when they did not carry weights.
By switching to a gallop, the peak ground reaction force was
reduced by an average of 14%.The open circles and triangles
denote unweighted trotting and galloping, respectively, and the
closed circles denote weighted trotting.The plotted values are
the average of the peak forces under each of the four limbs.
The lines are linear least squares regressions. (Reproduced
from Farley and Taylor63 with permission.)



stance duration of young Trotters and the percentage of type
IIB fibers.75 For race Trotters the force–velocity relationship for
skeletal muscles implied in limb protraction and retraction
might be an important limiting factor of maximal stride fre-
quency.58 In Andalusian horses, there is no significant correla-
tion between the stance duration and the fiber type percentages.
However, the diameter of fibers was negatively correlated with
stance duration.76 The propulsive force during the stance phase
might be higher with larger fibers, especially of type I.

During a treadmill exercise test, blood lactate concentration
and heart rate at high speed seem to be more correlated to stride
length than to stride frequency.74,77 This finding confirms that
the high speed which elicited a cardiac and metabolic response
is primarily explained by an increase in stride length.
Furthermore, the velocity relating to change of stride frequency
is not linear and consequently decreases the coefficient of cor-
relation. In ponies tested on the track, stride frequency was
more correlated to blood lactate concentration and heart rate
than to stride length, which is more limited in this animal.40

Response to training:
influence of age and training
on locomotor variables

Gait development in foals and yearlings

Gait patterns are influenced by the age of the horse, but little
is known about gait development. The relationship between
conformation and stride variables in foals aged 6–8 months
has been reported. Speed increases were achieved by longer

stride length in heavier foals and higher stride frequency in
taller foals.5 The elbow, carpal and fetlock joint angle flexions
were the most significant differences between the foals.78 The
stride and stance duration increased with age but the swing
duration and pro-retraction angle were consistent. The joint
angle patterns recorded at 4 and 26 months were nearly
similar. The good correlations of some of the kinematic
parameters measured in foals and adults make it possible to
predict the gait quality of adult horses.79

Training effects

According to several studies, some of the gait characteristics
can also be modified after a training period. However, little is
known about the training effect, because few data from lon-
gitudinal studies are available. In one study, after 70 days of
dressage and jumping training, the stance duration of the
hindlimb decreased, its flexion increased and its maximal pro-
traction occurred earlier. In addition, the protraction and
retraction range of the forelimb decreased and the stride
duration was unchanged. After the same period, the horses
which had been left in pasture showed other locomotion
modifications. They had a longer swing and stride duration
and the range of the forelimb movement was larger.80

In race horses, the training influence has been investigated
in Standardbreds and Thoroughbreds. After 3 years of train-
ing, the following changes in the trotting strides were
observed: the stride length, the stride duration and swing
phase increased.57 Another study on Standardbreds trained
on a treadmill did not show any change in temporal or linear
stride variables after 5 months of training. In gallop racing, a
stride duration and stride length increase was found.67 After
8 weeks of a high-intensity training regime on a treadmill,

221
12 Biomechanics of locomotion in the athletic horse

Left hind

Left hind

Right fore

Right hind

Left fore

Right fore

Left fore and
right hind

0.1
(seconds)

0.1
(seconds)

TimeTime

Inspiration        Expiration                                   Inspiration                     Expiration

Canter              Gallop(A) (B)

Fig. 12.11
Schematic diagram showing the relationship between the timing of the events of the respiratory cycle and the timing of the events
in the cycle of limb movement when a normal horse is cantering (A) or galloping (B), leading with the right forelimb.The distances
between arrowheads represent the periods of ground contact of the feet. (Reproduced from Attenburrow70 with permission.)



the stance phase duration of the Thoroughbred gallop stride
was reduced by 8–20%.81

Dressage horses should be trained to improve their co-
ordination, their suppleness and their gait collection.
Collection of the gait means that the forward movement
becomes more upward movement and the stride frequency
slows down. A group of dressage horses were tested from 4 to
7 years of age to determine the training-related changes in
locomotion variables. The changes of the trot were more pro-
nounced than the changes in the walk and gallop (Table
12.2). At the trot, the stride frequency decreases between 5
and 6 years old. During the same time walk and gallop stride
frequency remains the same. At the trot dorsoventral dis-
placement increases after the first year of training. The
increase of dorsoventral activity with age corresponded to an
increase of muscular power and an increase of the dorsoven-
tral displacement with collected gaits. Stride regularity and
symmetry increase in early training and then decrease after 6
years of age.

Applications of equine gait
analysis

Gait tests for breeding

Early jumping evaluation

Free jumping tests are often used in the performance evalua-
tion of 3-year-old horses. These tests are useful for selection of
stallions and mares for breeding, and to select potential per-
formance horses. Gallop, take-off, jump path and landing
characteristics were measured during a free jumping test
using the Equimetrix system. Heritabilities of these jump
measurements were calculated in French saddle horses to
determine the use of breeding criteria (Table 12.3). The heri-
tabilities of jumping characteristics are moderate to high and
can be used effectively in selection of bloodlines for breeding.

Basic gait characteristics of young dressage
horses

Gait and conformation test information is useful in making
breeding plans and to more accurately identify young horses
with good dressage potential. Gait characteristics may be
measured early in a horse’s saddle training. Walk and trot
may be measured earlier in hand. Several studies were con-
ducted in France and Germany to measure gait and
conformation variables in 3-year-old horses presented in a
performance test.82,83 The relationships between these meas-
urements and the judges’ scores were analyzed. The locomo-
tor profile of future dressage horses should have the following
gait characteristics.

● Walk: large vertical limb displacement and propulsion
activity, high regularity

● Trot: slow cadence, large vertical displacement, high regu-
larity, large propulsion activity

● Gallop: three-beat gallop with high regularity, slow
cadence and good propulsion activity

Horses having these basic gait characteristics obtain better
scores in performance tests and they have better perfomance
during the first year of dressage competition.

The 3-year-old German horses evaluated had gait charac-
teristics more advantageously adapted for dressage competi-
tion. The results obtained in the best German horses tested
could be considered as a reference standard for dressage
breeding. Purebred Spanish horses should be considered as a
reference standard for collected gaits used in farm work and
classical dressage. Specific conformation and gait character-
istics in German breeds may explain their higher level of
success in dressage competition.84 For dressage performance
the trot characteristics and its variations are very important
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4 years 5 years 6 years 7 years 
and older

Stride frequency (stride/s) 1.34 a 1.32 a 1.26 b 1.27 b
Stride regularity (/200) 186 a 185 a 185 a 179 b
Dorsoventral activity 7.8 8.3 8.7 10.4
(g2/Hz or W/kg)
Longitudinal activity 1.14 1.62 1.55 2.1
(g2/Hz or W/kg)
Propulsion acceleration 2.3 2.2 1.4 3
vector (g)
Dorsoventral 0.11 a 0.13 b 0.13 b 0.13 b
displacement (m)
Means followed by different letters are significantly different at P<0.05.

Table 12.2 Changes in trot variables with the stage of 
training in dressage horses

Gait variables h2 (SE) for walk
Approach strides
Stride frequency 0.32 (0.19)
Dorsoventral activity 0.50 (0.13)
Longitudinal activity 0.46 (0.20)

Take-off stride
Sum of the accelerations produced by the 0.47 (0.14)
forelimbs and hindlimbs
Power of the take-off exercise 0.40 (0.09)
Take-off impulse duration 0.26 (0.13)

Jump
Jump duration 0.47 (0.12)
Height of the sternum 0.21 (0.16)

Landing
Forelimbs deceleration 0.64 (0.13)
Power of the landing exercise 0.64 (0.15)
Speed at landing 0.35 (0.20)
h2 Heritability
SE Standard error of heritability

Table 12.3 Heritabilities (h2 and standard errors) of the
variables measured during a free jumping test in French saddle
horses



because they form the basis of passage and piaffe, movements
which are performed at the upper levels of dressage competi-
tion. According to the FEI standards, the trot should be a two-
beat gait with free, active and regular steps. Regularity and
elasticity of the steps and engagement of the hindquarters
are important qualities of the trot. The same cadence and
rhythm should be maintained during trot variations. The trot
characteristics of the German horses were consistent with
the FEI standards: slow stride frequency, high regularity, large
dorsoventral displacement and activity. Activity is considered
good when the horse diplays elasticity and good propulsion
(Table 12.4). Spanish horses have shorter stride length,
higher stride frequency and lower dorsoventral displacement
and activity than German horses. Spanish horses exhibited
elevated movements (large flexion of carpus and tarsus)
rather than extended movements of the limbs. It has been
shown that purebred Spanish horses have larger elbow and
carpus angular range than Dutch Warmblood horses.85

Spanish and German groups have high propulsion and longi-
tudinal activity which should be an advantage for collecting
the trot to passage and piaffe. Spanish groups exhibited gaits
with lower regularity than the German group but this could
be explained by the lower training level of the Spanish horses
at this age. Traditionally, purebred Spanish horses are broken
in at the age of 4 years instead of 2–3 years for German
horses.

The mean heritability of dressage performance was rather
low (h2 = 0.04–0.27) as reported by several authors because
non-genetic effects like training have a large influence on
outcome.86–88 Consequently, early selection using gait tests
could be more efficient than selection based on performance
results. Moderate and high heritabilities have been found for
trot and gallop variables such as stride length, stride fre-
quency, dorsoventral displacement and propulsion variables
(Table 12.5).83 Some of the gait variables such as stride

frequency, dorsoventral and longitudinal activity which have
moderate to high heritability, could be used for improving gait
collection ability by genetic selection. Most of the trot
variables had a moderate to high heritability (mean herit-
ability h2 = 0.24). The trot characteristics are very important
for dressage ability and should be used for early selection at 2
or 3 years old. Slow stride frequency, high dorsoventral activ-
ity and high propulsion vector and longitudinal activity are
the trot characteristics required for performing in dressage.
Gallop variables are highly heritable (mean heritability
h2 = 0.43) and could also be used for genetic selection. Slow
stride frequency and high longitudinal activity are required.
Walk heritabilities were rather low (mean heritability
h2 = 0.15) except for vertical activity, longitudinal propul-
sion and percentage of four-beat walk which were highly her-
itable. The low heritabilities could be explained because the
walk is a complex gait which could be modified by many envi-
ronmental factors.

Specific locomotion in racing and
equestrian sports

Galloping race

Maximum gallop velocity is primarily determined by stride
length. An increase in this component is obtained by decreas-
ing the overlap duration of the lead hindlimb and non-lead
forelimb stance phase.58 The movements of the hindlimbs
and forelimbs are dissociated and the length between the
footfalls of the diagonal increases. Overlap time of the diago-
nal decreases linearly down to about 50 ms as galloping
speed increases.68,69 In poorly performing Thoroughbreds
tested on an inclined treadmill (10% slope) at a maximum
velocity of 12 m/s, stride length and velocity at maximum
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Trot characteristics GER SF PRE

Speed (m/s) 3.97 a 4.24 a 3.18 b
Stride length (m) 2.98 a 3.02 a 2.31 b
Stride frequency (stride/s) 1.33 a 1.40 b 1.38 b
Stride symmetry (%) 97 97 96
Stride regularity (/200) 185 a 182 a 174 b
Dorsoventral displacement (10–2 cm) 13 a 10 b 10 b
Dorsoventral activity (g2/Hz or W/kg) 24.33 a 22.01 a 19.76 ab
Percentage of 2-beat rhythm (%) 89 ab 90 a 87 b
Propulsion acceleration vector (g) 8.49 a 7.39 b 9.22 a
Propulsion duration (%) 26 a 29 b 29 b
Longitudinal activity (g2/Hz or W/kg) 2.35 a 1.43 b 2.42 a
GER Hannoverian + Oldenburger + Westphalian
SF Selle Français
PRE Pura Raza Espaniola
Means followed by different letters are significantly different at P < 0.05.

Table 12.4 Comparison of the trot characteristics measured by
the Equimetrix system in three groups of breeds used for
dressage: German horses (Hannoverian,Westphalian,
Oldenburger), purebred Spanish horses and French saddle horses Gait variables h2 (SE) h2 (SE) h2 (SE) 

for walk for trot for gallop

Stride characteristics
Speed 0 0.30 (0.14) NA
Stride length 0 0.29 (0.13) NA
Stride frequency 0 0.20 (0.15) 0.32 (0.19)
Dorsoventral motion
Symmetry 0.10 (0.08) 0.12 (0.08) NA
Regularity 0.10 (0.13) 0.12 (0.09) NA
Displacement 0.16 (0.12) 0.14 (0.08) NA
Dorsoventral activity 0.41 (0.12) 0.22 (0.10) 0.50 (0.13)
Gait rhythm 0.29 (0.10) 0.05 (0.07) NA
Longitudinal motion
Mean propulsion vector 0.19 (0.07) 0.20 (0.11) NA
Propulsion duration 0.69 (0.13) 0.38 (0.15) NA
Longitudinal activity 0 0.44 (0.14) 0.46 (0.20)

h2 Heritability
SE Standard error of heritability
NA Non-available data

Table 12.5 Heritabilities of the gait variables measured by the
Equimetrix system in French saddle horses.The moderate and
high heritabilities are indicated in bold



heart rate were the variables most highly correlated to
running speed.89

The racing career of a Thoroughbred is short and the
number of racing opportunities is limited. To maximize an
individual horse’s potential for winning, it should be entered
in races appropriate for its racing ability. To help make
optimal decisions about entering horses in races, a profile
may be developed for each horse while in early training. The
profile should include indicators of the animal’s speed,
endurance, preferred track conditions and locomotor vari-
ables that help determine these characteristics. Locomotor
variables of the racing gallop while at maximal speed can
only be obtained on a race track because the temporal stride
variables should be natural. On a high-speed treadmill
maximal speed is limited to 14–15 m/s and the biomechanics
of locomotion are modified by the driven belt.23 However, the
physiological variables such as respiratory variables are more
accurately measured on an inclined treadmill at submaximal
speed.89

A gallop test has been designed to determine the loco-
motor profile of Thoroughbreds. The gallop test is part of
normal ‘fast work’ training, is easy to perform and provides
locomotor variables to evaluate the racing capacity of
Thoroughbreds in training. This test may be used for early
evaluation of young horses as soon as they can gallop close to
maximal speed on a race track. The results characterize the
gallop and could assist the trainer in planning the training
and racing program of the horse.

Several gait variables were related to race performance
which was evaluated by the percentage of wins, placings and
the logarithm of average earnings per start. The best per-
formers had a higher stride frequency, stride regularity and
diagonal dissociation. Stride length increase described most
of the velocity increase but was negatively correlated with
performance. Horses that appeared to be better adapted for
short racing distances had higher stride frequency but longer
ground contact duration which provided more time for
propulsion. It has been found that suspension duration
(= stride duration – ground contact duration) decreased at
maximal velocities greater than 13–14 m/s.69 A quick gallop
acceleration at the start of the race is achieved intially by a
high rate of stride frequency increase and then by stride
lengthening.66 During a race, a gallop acceleration is
required at the finish to win. Consequently, horses that can
increase their stride frequency to the highest value have a
better chance to win. A locomotor test performed in har-
nessed Trotters on a track confirmed that the best race per-
formances were obtained by horses that had the highest
maximal stride frequency and a long stride length.56

These findings suggest that good race horses are able to
trot or gallop at high speed using an optimal stride length and
that they can accelerate by increasing their stride frequency
in order to finish the race. The best performers reached high
stride frequencies of 2.52 strides/s at trot and 2.81 strides/s
at the gallop. However, stride length is negatively correlated
with performance but stride frequency is positively cor-
related. Because of pendulum mechanics of the body,
maximal stride frequency is dependent on the height of the

horse (length of the limbs), weight distribution of the limbs
(moment of inertia), elasticity of the limbs and rib cage
(module of elasticity) and the percentage of fast-twitch
muscle fibers (forces). Increased propulsive activity produced
a much greater velocity. Dorsoventral loading of the limbs
was increased at high speed probably because of the large
effect of kinetic energy of the body. Dorsoventral displace-
ment of the thorax decreased linearly with velocity and mini-
mized the potential energy changes of the center of gravity
which reduced the energy expenditure of locomotion. At the
fastest speed, horses reached the ‘wheel gallop’ by lowering
and keeping their center of gravity at the same height during
the entire stride, even the suspension phase. The ‘wheel
gallop’ is optimized to produce maximum energy for propul-
sive work in the longitudinal axis and avoid energy wastage
for vertical oscillations of the body. Energy cost of the gallop
increases as stride regularity decreases. This may make
regularity of the stride one of the limiting factors which
determine maximum galloping speed. Regularity was af-
fected by the increase in speed as it has been found in har-
ness Trotters and it is highly correlated with racing 
performance.32

Harness racing

In order to measure gait variables during training sessions on
a race track, a mobile gait analysis system has been used in
harness Trotters.41,56 Good Trotters have a short stance
phase duration with a longer stance phase in the hindlimbs
than in the forelimbs.90 A locomotor test performed in race
Trotters on a track confirmed that the best race performances
were obtained by Trotters that had the highest maximal
stride frequency and a long stride length.56 These findings
suggest that good race Trotters are able to trot at high speed
using an optimal stride length and that they can accelerate
by increasing their stride frequency in order to finish the race.

Show jumping

During the 1988 Seoul Olympic Games, the kinematics of
jumping over a high and wide obstacle (oxer) were analyzed
in 29 horses and the relationship to the total penalty score
was studied.91 Fewer total penalties were associated with
lower velocities during the jump strides, closer take-off
hindlimb placements and closer landing forelimb placements.
Another study on elite horses jumping a high vertical fence
demonstrated that the push-off produced by the hindlimbs at
take-off was associated with the mechanical energy required
for clearing the fence.92 The action of the forelimbs should be
limited to positioning the horse’s body into proper orientation
with the jump before the final push-off of the hindlimbs. A
more vertical component of the initial velocity was observed
in the horses that successfully cleared a wide water jump
(4.5 m).93 The angle of the velocity (vector) relative to the
horizontal was 15° in a successful jump compared to 12°
in an unsuccessful jump and the vertical component of
the velocity was about 0.5 m/s greater in a successful 
rather than an unsuccessful jump. This initial velocity was
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generated by the impulse of the hindlimbs and determined
the ballistic flight characteristics of the body.

These kinematic findings agree with another study which
showed that poor jumpers had a lower acceleration peak of
the hindlimb at take-off than good jumpers.94 Poor jumpers
brake too much with the forelimbs at take-off impulse and
the hindlimbs produce an acceleration which is too weak for
clearing the fence. This force is one of the main factors affect-
ing a successful jump because it determines the ballistic flight
of the center of gravity and also the characteristics of the
body rotation over the obstacle during the airborne phase.
The moment of inertia and its influence on body rotation
were also studied in a group of jumping horses but no consis-
tent relationship with the level of performance was found.94

More penalties were recorded for horses that cantered at a
low stride frequency (lower or equal to 1.76 stride/s) and
suddenly reduced their stride frequency at take-off.

Dressage

In dressage the horse should easily execute complex exer-
cises, gait variations and gait transitions while maintaining
its equilibrium and suppleness. This discipline requires a high
level of locomotor control of the horse by the rider which is
achieved progressively through exercise and collecting the
gaits. A horse’s ability for collection is one of the main limit-
ing factors for dressage because it is impossible to execute the
more complex exercises correctly without having attained
good basic collection of the gaits. The collected gaits have
been extensively described in kinematic studies.54,55,95,96

The trot Among the normal variations of the trot in saddle
horses, the speed of the gait and the stride length increase
from collected, to medium and to extended trot. A slow stride
frequency, including a long swing phase, is required for good
trot quality. The time elapsing between hindlimb contact and
diagonal forelimb contact defines the diagonal advanced
placement and should be positive and high at the trot. The
horse should place its hindlimbs as far as possible under itself.
A large amplitude of vertical displacement of the body during
collected trot is desired in the dressage horse. Vertical dis-
placement of the trot is obtained through the storage of
elastic strain energy in the fetlock, hock, stifle and pelvis. For
extending the trot, having an inclined scapula (a steeper
angle to the scapula) and the amplitude of the elbow joint
appeared as important factors. The horses judged to have a
good trot should have a large degree of flexion in the elbow
and carpal joints at the beginning of the swing phase of the
stride. A positive diagonal advanced placement measured at
the collected trot was observed in elite dressage horses.52,97 In
these elite horses the hindlimb contacts the ground about
20–30 ms before the diagonal forelimb. This advanced foot
placement could be a means for the hindlimbs to push off
earlier during the stance phase.

The degree of collection at the trot could also be measured
by the acceleration components of the body. Horses equipped
with the Equimetrix system in a dressage test were recorded
at all trot variations and passage. With increasing collection
at the trot, the vertical component of acceleration

increased.83 At the same time, the forward component of
acceleration decreased. This indicates that propulsion power
in dressage horses is used to increase vertical displacement
instead of longitudinal displacement.
The passage and piaffe Passage and piaffe are two dres-
sage exercises derived from the collected trot but the kinetics
of each are quite different. Differences in the temporal vari-
ables were demonstrated in kinetic analyses of the dressage
finalists at the Olympic Games in Barcelona.52 Stride duration
is longer (i.e. stride frequency is slower) for piaffe (1.08 s) and
passage (1.09 s) than for the collected trot (0.84 s). For most
of the other temporal variables, collected trot and passage
were very similar except for the suspension phase, which was
shorter in passage.

Specific kinetics of passage and piaffe were analyzed on
experienced horses using the Equimetrix system. Mean
dorsoventral and longitudinal acceleration vectors were
measured during the exercise. At the passage, the mean
acceleration vector shows that the largest component of
propulsion is dorsoventral instead of longitudinal as it is in
the extended or working trot. The high collection of passage
transforms forward propulsion into upward propulsion. The
greatest propulsive activity in passage is from the forelimbs,
while the hindlimbs provide for braking.

At the piaffe, the amplitude of dorsoventral acceleration
during the stance phase is lower than at the passage because
the amplitude of dorsoventral displacement is reduced. Hind-
limbs have greater braking activity to avoid forward move-
ment of the body. The forelimbs have moderate dorsoventral
propulsion. The same type of results was observed in a horse
at the piaffe with a force plate.98 However, at the passage the
longitudinal ground reaction force of the hindlimbs was
higher than in the forelimbs.
The canter At slow speed the canter is a three-beat gait. At
the canter, the diagonal stance phase is synchronized while at
the gallop the footfalls of the diagonal are dissociated. The
speed of the canter increases from the collected, to working,
medium and extended canter by increasing stride length.
While stride length increases, stride frequency remains
nearly constant.95 Stride length increase is due to increase of
diagonal step length and distance covered during suspension.

Relationships between the total dressage competition
score and canter characteristics in Olympic dressage horses
revealed that the best horses were able to extend their canter
strides by increasing their stride length without changing
their stride frequency.99 For three-day event horses at the
Olympic games, extended canter stride length and velocity
were positively associated with points awarded by judges.
However, non-finishers of the event had higher extended
canter stride lengths and velocities in the dressage phase than
finishers.100

The lead change is the transition between the footfall
sequence of two different canter leads. Normally the hind-
limb sequence changes first, then the front limb sequence. In
dressage the rider can elicit the canter lead change during the
suspension phase. In a bad lead change, the change in fore-
limb placements occurs before the change of the hindlimbs,
resulting in a disunited canter, which may be observed for
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several strides. The canter during the two and one tempi lead
change is slow (3.35–3.95 m/s) with a short stride length
(2.08–2.44 m) and a stride frequency of 1.62 strides/s.101

Two tempi changes result in a change in the canter lead every
other stride and one tempi change results in canter lead
changes on every stride.

During the canter pirouette, the canter footfall sequence is
altered. The cadence is reduced from 1.58 stride/s at the
collected canter to 1.13 stride/s.96 The diagonal support is
entirely dissociated and there is no suspension phase.
The walk In dressage horses, the speed of the walk
increases from the collected walk (1.37 m/s) to the extended
walk (1.82 m/s) and simultaneously there is a little increase
in stride frequency.54 The speed change was mainly the result
of the stride lengthening by increasing the overtracking dis-
tance. Even in horses trained for dressage, the regular four-
beat rhythm of the footfall was observed only in one of the six
horses evaluated. The stride regularity could be assessed by
dorsoventral acceleration recording. Extended walk has a
more regular pattern than collected walk where the footfall
sequence is slightly disturbed by the actions of the rider. 
Elite dressage horses usually have a very regular accelera-
tion pattern at the walk. This is a sign of a high level of
co-ordination and stability in the rhythm of footfall 
sequence.
Gait transitions A study of transitions from trot to walk
showed a positive correlation between a higher level of train-
ing and a ‘clean’ transition without a short intermediate
step.60 The combination of gait analysis by accelerometric
measurement and wavelet analysis allowed quantification of
some of the temporal and kinetic characteristics of gait tran-
sitions.61 Transition duration, dorsoventral activity and fre-
quency were specific to each transition. Training improved
smoothness of braking deceleration and frequency changes
with a longer transition duration.

The transition duration increased significantly with train-
ing for trot–walk, canter–halt and canter–trot transitions.
The lengthening of the transition duration allowed a slow
decrease of stride frequency (canter–trot transition) and a
smooth decrease of vertical activity (canter–halt and
trot–halt transition). The rider adapted his technique to loco-
motion and training level of the horse. By lengthening tran-
sition duration, experienced horses could perform a smooth
deceleration. In contrast, young horses could not adequately
prepare their gait transition and suddenly brake their forward
motion, which produced a high peak of deceleration. The
amplitude of frequency change during the gait transition
decreased with training for all transitions, especially for
canter–halt and trot–walk transition.

Three-day eventing

The analysis of the gallop stride characteristics of three-day
event horses during the steeplechase of the Seoul Olympic
Games revealed optimal values for successful performance.
The optimal stride length should range between 1.85 and
2.05 m while the optimal velocity should range between 13
and 14.3 m/s.102

Biomechanics of the hoof and lameness
prevention in the athletic horse

Effects of the track

The kinetics of hoof impact is an interesting subject for lame-
ness prevention because a relationship between repeated
exposure to shock and the onset of chronic injuries has
been established in human medicine103 and in animal
models.104,105 The shoes and the track surface can be
designed in order to minimize hoof shock intensity, especially
for race and showjumping horses which undergo very large
hoof decelerations at high speeds and landing, respectively.
Hoof shock and vibration acceleration measurements after
the moment of impact on the ground were used for testing
the influence of the track surface on shock and vibration
intensity of hoof impact at the trot.34 The shock of decelera-
tion can reach 707 m/s2 on asphalt and 31 m/s2 on sawdust
mixed with sand. The subsequent transient vibrations have
frequencies between 592 Hz and 41 Hz, respectively. The
stiffness of the track surface directly influences these
mechanical parameters and should be controlled to minimize
vibration damage. In horses, as in human athletes, damping
hoof impact with viscoelastic shoes and a soft track surface is
useful to prevent overuse injuries of the distal joints.

Improvements in race track designs and surfaces for race
horses exemplify the application of research for the better-
ment of horses and the racing industry. The limb kinematic
studies on Standardbreds trotting on various types of race
tracks (length, curves) made it possible to propose some rec-
ommendations regarding the ideal geometry for race tracks
(Fig. 12.12).106,107 The most important factor affecting
comfort is the total length of the track, which determines the
curve length and the horses’ inclination to avoid any load dis-
equilibrium between the lateral and medial sides of the limbs.

Effects of shoeing

Many shoeing techniques are available but any assumption
concerning their effects on hoof biomechanics should be
verified experimentally by locomotion analysis studies. The
limb kinematics of six sound horses was studied at trot in
hand to determine the effect of long toes and acute hoof
angles.108 In this study, no lengthening of the trotting strides
was observed after reducing the hoof angle about 10° from
the normal value. However, this hoof angle change resulted
in toe-first impact and prolonged breakover, both of which
are potentially disadvantageous for athletic performance and
may predispose the horse to injury. In another study, the
effect of an acute angulation of the hind hooves showed some
changes in the limb co-ordination which could be interesting
for reducing limb interference. The hind hoof breakover can
be prolonged and the lift-off of the hindlimbs delayed, which
could prevent interference with the ipsilateral forelimb.

Hoof shock and vibration acceleration measurements
after the moment of impact on the ground were used to
investigate the damping capacity of various hoof pads 
and shoes.35 Compared to the reference steel shoe, shock
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Relationship between the geometric characteristics
of a track with semicircular curves. Given a track
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scale as approximately 12.5% or 7°. (Reproduced
from Fredricson et al.106 with permission.)

Steel shoe
Unshod hoof

Easy-glu
Equisoft + Easy-glu

Springtop
Sleiper
Nail-on

Equisoft+ Springtop
Sorbothane

‘Blue pad’
Leather

Brown strider
‘Elastomer pad’

Shocktamer
Equisoft

AMF molded
AMF inmolded

0                 100              200               300               400               500               600                700

Vibration frequency (Hz)

        ± SD            Mean

Ty
pe

 o
f s

ho
ei

ng

*
*

*
**

**

**

* P < 0.05    ** P < 0.01

*

Fig. 12.13
Comparison of the hoof
vibration recorded by an
accelerometer at the trot on an
asphalt road with different types
of shoeing (shoe and pads).
Better damping of the hoof
vibrations after impact was
observed with light shoes and
soft pads. (Reproduced from
Benoit et al.35 with permission.)



reduction was higher for light shoes made of a polymer
and/or aluminum alloy which had lower stiffness values and
density than steel (Fig. 12.13). The use of viscoelastic pads
contributed to shock reduction and attenuated the high-
frequency vibrations up to 75%.

Damping hoof impact with viscoelastic shoes and a soft
track surface is useful to prevent orthopedic overuse injuries
of the distal joints. The shock damping potential of the track
surface is higher than that of the shoes but when the track
surface is too hard, the use of damping shoes is highly
recommended for horses.
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and, ultimately, disparate diagnosis. Even between skilled
equine clinicians, interindividual agreement in recognition of
mild to moderate lameness and the designation of the correct
lame limb have been shown to be poor.1 The success of treat-
ments for various lameness conditions has traditionally been
based on subjective evaluations, imprecise lameness scores
computed by few individuals or broad classifications of recov-
ery such as return to function. These evaluative techniques
are all potentially influenced by numerous factors unrelated
to lameness severity. A more objective methodology to detect
and quantify lameness would make lameness evaluations
more scientific and thus more reliable.

Kinematic gait analysis is an objective measurement of
body movement. The movement is captured with video or
cine cameras and a quantitative analysis of that movement
is performed. Kinematic gait analysis can be used to detect
and quantify lameness without the bias inherent in subjec-
tive evaluation. In its simplest form it allows the examiner
to record history and compare movement at different points
in time. Small differences in movement between separate
examinations become apparent with simultaneous, side-by-
side comparison of the different time periods. Also, most
kinematic gait analysis techniques utilize cameras with
high spatial resolution (< 1 mm), high frame rates (> 60
frames per second) and some form of computer-aided data
collection and analysis. The high frame rates of the cameras
plus the ability to review the motion at slower than normal
speed improves the temporal resolution of the examiner.
Increased temporal and spatial resolution enables one to
detect small changes in stride parameters caused by lame-
ness that would not normally be seen by simple observation
alone.

Kinematic gait analysis technique is also conducive to
evaluating numerous strides contiguously, a quality that is
lacking in more traditional stationary force plate analysis of
limb weight bearing. This enables a more accurate evaluation
of lameness when there is significant stride-to-stride vari-
ance, a common finding in horses with bilateral lameness or
lameness of mild severity (Keegan, unpublished data).
Multiple measurements of multiple parameters can be made
at the same time. Parameter relationships can be studied; for

Introduction

Lameness is a frequent problem in the horse and the ability
to detect lameness by observing movement is a skill that
must be acquired by the equine clinician. With practice and
experience equine clinicians develop this skill by recogniz-
ing how certain patterns of movement of the body and
limbs correlate with lameness. However, there is no set of
universally accepted rules about what to observe or how
important different movements are in correctly evaluating
lameness. We are all trained somewhat differently to iden-
tify lameness and this contributes to diversity in the devel-
oped skills of lameness recognition between equine
clinicians.

It is not difficult to correctly detect and identify the affected
limb in a lameness of moderate to severe intensity. There is
little disagreement among equine clinicians and the diversity
in our training poses little difficulty in these cases. However,
when examining horses with intermittent lameness, lame-
ness of mild intensity, or shifting-limb lameness, the diversity
in our lameness training results in confusion, disagreement
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example, how head or pelvic movement varies with footfall
sequence. Changing relationships among multiple kinematic
parameters may correlate significantly with lameness.

More importantly, kinematic gait analysis is fundamen-
tally practical because it is intuitive. When equine clinicians
evaluate lameness in the field they evaluate movement. We
see movement (a kinematic measurement) directly. Force (a
kinetic measurement) must be transduced for human
perception. Therefore, what we learn about movement and
how it changes with lameness can be easily described, taught
and learned. Kinematic evaluation closely resembles the
techniques used by equine clinicians and thus can be used to
improve their understanding and clinical detection of
lameness.

Although movement compensation occurs with lame-
ness during many gaits, the ideal gait for kinematic evalua-
tion is the trot. The trot is a symmetrical gait with
simultaneous contralateral forelimb and hindlimb place-
ment in each half-cycle of the full stride. Vertical movement
of the body is sinusoidal with equivalent amplitudes in each
half-cycle. One of the most characteristic features of lame-
ness is its tendency to upset the simple periodicity of
normal movement. This perturbation of movement is most
easily appreciated at the trot against the normal back-
ground of symmetrical vertical movement. In addition, the
total vertical movement of the trunk’s center of gravity,
and thus the resulting forces placed on the limbs during
weight bearing, is greater during the trot than at a walk or
canter.2–4 Lameness exacerbated by weight bearing, which
includes the majority of lameness in the horse, would
therefore be more expressed at the trot than at a walk or
canter. In this chapter the kinematic changes referred to as
representative of lameness are those primarily observed
and measured at the trot.

Methodology

The basic methodology of kinematic gait analysis requires
that the horse be ‘filmed’ while moving. To facilitate calcu-
lations of kinematic parameters, the horse is ‘marked’,
usually with light-reflective spheres, over specific body
parts such as easily recognizable bony landmarks or joint
centers (Fig. 13.1). Each camera used during filming gener-

ates two-dimensional images of the positions of the body
markers. Multiple cameras set up with different fields of
view generate multiple, two-dimensional images of the
positions for each marker (Fig. 13.1). These images are then
transformed into a sequence of three-dimensional positions
for each marker. Data generation rate is high. For example,
using cameras that capture at 120 frames per second, a
horse marked with 20 light-reflective spheres, filmed for 30
seconds, will generate 216 000 (120 × 20 × 30 × 3[x, y, z
position]) pieces of data that precisely describe the horse’s
movement over that time period. From these data many dif-
ferent measurements relevant to the horse’s movement
(joint angle, maximum vertical head position, stride length,
etc.) can be calculated.

Most kinematic systems, because of the need for process-
ing and computation of large volumes of data, are computer
assisted. Also, standard systems require the horse to move
within the camera’s limited fields of view. Therefore, most
kinematic analysis is performed with the horse moving on a
treadmill. This has an advantage of providing for the capture
of multiple, consecutive strides of the horse traveling at a pre-
cisely controlled velocity. Controlling velocity of movement is
necessary since many kinematic parameters are known to be
velocity dependent.

Kinematic parameters of
importance for the
detection of lameness

It is not the purpose of this chapter to give a past synopsis of
movement parameters thought to correlate with lameness.
Much of what has been described in textbooks is subjective
expert opinion. However, until recently much of this expert
opinion was either inadequately described or misleading.
One only has to try to define and then reconcile the term
‘hip hike’, a frequent descriptor of hindlimb lameness in
horses,5,6 with pelvic ‘sinking’ or excessive rotation towards
the side of lameness that is described in other reports.7,8

Some clinicians evaluate the ‘head bob’ as greater upward
movement of the head during the stance phase of the lame
limb6 and others evaluate it as less downward movement
during the stance phase of the lame limb.9 Some evaluate
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Fig. 13.1
Basic kinematic gait analysis methodology. (A) The
horse is marked and filmed. (B) Data from
multiple cameras are combined, resulting in the
three-dimensional location of each marker in
each video frame.Three-dimensional positional
data for each marker are available for calculation
of different kinematic parameters.



stride length and detect lameness when the length of stride
seems to be short.10 The shape of the hoof flight arc is said
to be representative of lameness.10 Joint angle excursions,
during both the stance and swing phase of the stride, have
been purported to be accurate indicators of lameness.8,9,11

Recent objective evaluations have indicated that many of
these parameters are either incorrect or, at best, insensi-
tive.12–14

In this chapter we emphasize the parameters that are
clearly significant and sensitive as indicators of lameness and
that are easily seen by the unaided human eye. This necessi-
tates a thorough description of the pattern of head move-
ment for forelimb lameness and of pelvic movement for
hindlimb lameness. All of the information necessary to detect
lameness and identify it to the correct limb can be found in
evaluation of the head and pelvic movement. For complete-
ness, short descriptions of other kinematic parameters that
have objectively been shown to correlate with lameness are
described. We leave it to the reader to decide whether these
other parameters are useful in detecting lameness in a stan-
dard clinical lameness examination.

Kinematic parameters used
to detect and differentiate
forelimb lameness

Vertical head movement

When the horse is trotting its head moves up and down twice
during one complete stride. The head reaches a local
maximum vertical position just before hoof contact of one
forelimb and a local minimum vertical position near mid-
stance of the same forelimb. Second local maximum and
local minimum vertical positions are reached just before foot
contact and at midstance of the other forelimb. In the sound
horse the total vertical head excursion during the right and
left forelimb stance phases is approximately equal so the local
maximums and minimums are approximately the same
heights relative to the ground.

Thus, the head moves up and down in a sinusoidal, tem-
porally symmetrical pattern, with amplitude equivalent
cycles corresponding to each half of the full stride cycle
(Fig. 13.2). The familiar ‘head nod’, as an indicator of fore-
limb lameness in horses, is a disruption of this symmetrical
movement. In most weight-bearing lameness conditions the
downward head movement during weight bearing of the
painful limb is reduced compared to that in the sound limb
(Fig. 13.3). With increasing severity of lameness there is
more reduction in the downward movement of the head
(Fig. 13.4). With severe lameness there may be no down-
ward movement of the head during the stance phase of
the lame limb and with very severe lameness the head 
may actually move upward during the stance phase of the
lame limb.

For purposes of categorization we have labeled lameness
manifest by less downward movement of the head in the
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Fig. 13.2
Video frames and graphs depicting vertical head and right
forelimb foot movement in a sound trotting horse. (A) First
vertical minimum at midstance of the left forelimb. Right
forelimb is at midswing. (B) First vertical maximum just after
lift-off of the left forelimb foot and just before impact of the
right forelimb foot. (C) Second vertical minimum at midstance
of the right forelimb. Left forelimb is at midswing. (D) Second
vertical maximum just after lift-off of the right forelimb foot
and just before impact of the left forelimb foot. Curves at the
top of each video frame (yellow) are the vertical head
position.Arrows indicate points on the curve corresponding
to video frame shown. Curves at the bottom of each video
frame (orange) are the vertical position of the right forelimb
foot. Orange circles on curve indicate the points
corresponding to the video frame shown. Head and right
forelimb foot heights are not in same scale.Approximately
three full strides are indicated by the curves.



stance phase of the lame limb as type-1 lameness. Frequently
in horses with type-1 lameness there is also less upward
movement of the head at the end of the stance phase of
the lame limb (Fig. 13.4). The majority of horses with
weight-bearing lameness exhibit type-1 lameness. Some-
times during a clinical examination it is easier to appreciate
the greater downward movement of the head during the
stance phase of the normal or least lame forelimb. ‘Down 
on sound’ is an aphorism frequently used to describe this
phenomenon.

Occasionally horses with forelimb lameness will have
greater upward movement of the head at the end and
shortly following the stance phase of the lame forelimb
(Fig. 13.5). We have labeled lameness with this variant of
head movement as type-2 lameness. Type-2 lameness is
much less common than type 1. Horses with pain occurring
during the breakover portion of stance may more likely
exhibit type-2 lameness, although this has not been
confirmed objectively. Also, display of type-2 lameness may
be more idiosyncratic, possibly related to an individual’s
pain tolerance or threshold. It seems also that there is a
higher incidence of type-2 lameness with lameness of
increasing severity.

In the authors’ opinion vertical head position is the most
applicable and accurate movement parameter for use in
clinical examination of forelimb lameness. It can be evalu-
ated equally from the front or side of the horse. It is fre-
quently exacerbated and made more apparent at the
beginning (when the horse is accelerating) and end (when
the horse is decelerating) of a short trot and when lunging
the horse in short circles. However, conditions sometimes
arise that make evaluation using this parameter more
difficult. The asymmetrical nature of the vertical head
movement in some mild lameness conditions may not occur
at every stride. As the intermittent nature of the lameness
increases, the need to evaluate increasing numbers of
strides becomes more important and the ability to detect
overall asymmetric head movement becomes more difficult.
In addition, extraneous head movement, especially in the
curious or excitable horse in an unfamiliar environment,
may obscure small perturbations in vertical head move-
ment. It is especially important not to jump to conclusions
after a few strides and instead try to determine the overall
predominant head movement pattern before committing
oneself to a final decision. Algorithms to remove extraneous
vertical head movement have been described and can be
used in objective analysis of kinematic data to increase
accuracy in detection of lameness.15

Temporal parameters (stance phase,
swing phase and breakover durations)

Stance phase begins at hoof impact and ends after
breakover, when the toe is lifted from the ground to start the
swing phase of the stride. It is instinctive to suppose that
stance-phase duration should be less in a lame compared to
a sound limb and that it should decrease as lameness
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Fig. 13.3
Video frames and graphs depicting vertical head and right
forelimb foot movement in a trotting horse with a unilateral
(right) type-1 induced forelimb lameness. (A) First vertical
minimum is lowest at midstance of the left forelimb. Right
forelimb is at midswing. (B) First vertical maximum just after
lift-off of the left forelimb foot and just before impact of the
right forelimb foot. (C) Second vertical minimum at midstance
of the right forelimb. Left forelimb is at midswing.There is less
downward movement of the head compared to the minimum
in left forelimb stance. (D) Second vertical maximum just after
lift-off of the right forelimb foot and just before impact of the
left forelimb foot. Curves at the top of each video frame
(yellow) are the vertical head position.Arrows indicate points
on the curve corresponding to video frame shown. Curves at
the bottom of each video frame (orange) are the vertical
position of the right forelimb foot. Orange circles on curve
indicate the points corresponding to the video frame shown.
Head and right forelimb foot heights are not in same scale.
Approximately three full strides are indicated by the curves.



worsens. After all, a horse with a non-weight-bearing lame-
ness spends no time on the affected leg. However, except for
horses with severe lameness, the opposite occurs. In horses
with mild to moderate lameness, stance-phase duration is
increased compared to the contralateral sound limb.9

Consequently, stance-phase duration decreases after allevi-
ation of lameness, such as after a regional nerve or joint
block.13 This correlation between stance-phase duration
and severity of lameness, however, is true only if the horse
is constrained to move at the same forward velocity before
and after treatment. Ensuring the same velocity before and
after treatment is not easy without special equipment and
therefore is not reliable enough for practical purposes of
subjective lameness observation.

Stance-phase duration increases in horses with mild to
moderate lameness as a direct consequence of the horse
attempting to lessen peak loads on the affected limb.16

When a horse is trotting at a particular velocity a resultant
force is applied to the affected limbs. Some force is relieved
from the affected forelimb by shifting of weight to the
contralateral hindlimb, but the amount is small and 
inconsequential in horses with mild to moderate lame-
ness.17,18 Therefore, the only way available to the horse to
reduce peak load on the affected limb (and therefore osten-

sibly to reduce pain) is to spread the total load over a longer
period of time.

Despite being a good indicator of lameness, it is doubtful
that subjective measurement of stance-phase duration would
be of much use to the equine practitioner in the field. In a
horse trotting at about 4 m/s the stance duration is less 
than 1 second and the increase in stance duration with mod-
erate lameness is less than 20 ms.13 Changes in duration 
of such small magnitude cannot be appreciated by simple
observation.

As a direct consequence of an increase in stance-phase
duration in mild to moderate lameness, there is an equivalent
decrease in the swing-phase duration.12 This may be more
readily apparent during direct observation of a trained eye
than the increased stance-phase duration. The decreased
swing-phase duration may cause the observer to think that
there is a decrease in the length of the stride or in the swing-
phase height of the foot, two parameters commonly associ-
ated with lameness. It has also been shown that with
unilateral forelimb lameness there is a shortened suspension-
phase duration (the time during the stride when no feet are in
contact with the ground) after the stance phase of the lame
limb.19 This asymmetry in suspension-phase duration is
generally not present with hindlimb lameness.19
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Fig. 13.4
Vertical head movement asymmetry with increasing severity of forelimb lameness. (A–C) Amount of downward movement during
the stance phase of the lame limb becomes less and less, until (D) minimum vertical position during stance phase of lame limb
disappears.Arrows indicate approximate time of lame (right) forelimb midstance.Arrowheads indicate corresponding decreasing
elevation of the head after the stance phase of the lame (right) forelimb.



An important limitation to remember when using these
parameters is the changing velocity of the horse between
sessions of a lameness examination. All temporal gait
parameters are velocity dependent. When lame, the 
horse will naturally attempt to travel at a slower velocity.
After a successful nerve or joint block and alleviation of
the pain the horse will then naturally be more comfortable
at a higher velocity. The handler may inadvertently increase
forward velocity between evaluation sessions or the horse
may move faster because of pain alleviation. An increase 
in velocity after alleviation of pain may be noticeable as 
an increased willingness of the horse to move, an inexact
but subjective supporting piece of evidence indicating lame-
ness improvement that is generally appreciated by the
examiner.
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Fig. 13.5
Video frames and graphs depicting vertical head
and right forelimb foot movement in a trotting
horse with a unilateral (right) induced type-2
forelimb lameness. (A) First vertical minimum at
midstance of the left forelimb. Right forelimb is
at midswing. (B) First vertical maximum just after
lift-off of the left forelimb foot and just before
impact of the right forelimb foot. (C) Second
vertical minimum at midstance of the right
forelimb. Left forelimb is at midswing. (D) Second
vertical maximum just after lift-off of the right
forelimb foot and just before impact of the left
forelimb foot. Head vertical position is at the
highest point in the stride. Curves at the top of
each video frame (yellow) are the vertical head
position.Arrows indicate points on the curve
corresponding to video frame shown. Curves at
the bottom of each video frame (orange) are the
vertical position of the right forelimb foot.
Arrows indicate points on curve corresponding
to the video frame shown. Head and right
forelimb foot heights are not in same scale.
Approximately three full strides are indicated by
the curves.
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Fig. 13.6
Typical foot-flight pattern in the forelimb and hindlimb.
Forelimb foot-flight pattern has a predominant peak (1) just
before midswing and sometimes a small peak (2) at the end of
the swing phase of the stride. Hindlimb foot-flight pattern has
two prominent peaks, (1) the first within the first half and (2)
the second in the last half of the swing phase of the stride.



Hoof movement in the swing phase 
of the stride (foot-flight pattern,
swing-phase height, limb protraction
and retraction)

Hoof flight pattern in the forelimb20 is different from that in
the hindlimb (Fig. 13.6). In the forelimb, maximum hoof
height occurs before midswing and then gradually lowers as
the foot moves toward impact, sometimes having a second,
smaller peak at the end of the swing phase of the stride. In
the hindlimb, maximum hoof height frequently also occurs
before midswing, but it is followed by a lowering of the foot at
midswing and a second prominent peak in the second half
that may be almost as high as the peak in the first half of the
swing phase of the stride.

There is much confusion concerning the effect of lame-
ness on hoof movement in the horse during the swing
phase of the stride. In experimentally induced forelimb
lameness, an absolute higher hoof flight arc is seen in the
sound limb with no change in the lame forelimb.12 In exper-
imentally induced hindlimb lameness, an absolute lower
hoof flight arc is seen in the lame hindlimb with no change

in the sound hindlimb.12 Both of these combinations give
rise to the impression of lower hoof flight arc with lame-
ness.

However, there are over-riding biomechanical factors that
make evaluation of this parameter problematic when observ-
ing horses for lameness. During lameness, the trunk height
after push-off of the lame limb is reduced, causing a cor-
responding decrease in absolute limb and hoof height.
However, in order to move the limb forward without ground
interference the horse must increase flexion of the limb
joints. This increased flexion results in higher relative foot
height during the swing phase of the stride. Decreased hoof
height resulting from decreased trunk height is partially
canceled by the increased flexion of the limb joints. In the
authors’ opinion, absolute hoof height during the swing
phase of the stride is not a reliable parameter for evaluating
lameness in horses.

Lame forelimbs show a reduction in the extent of retrac-
tion at the end of the stance phase of the stride.12 The extent
of protraction is diminished only with severe lameness.21

Some lameness conditions, specifically lameness of the toe of
the foot, have even been shown to increase protraction of the
lame forelimb (Fig. 13.7).9 One only has to consider the
typical gait of a horse with severe toe pain from laminitis,
which is mostly protraction and little retraction, to under-
stand this.

Joint angle changes

Fetlock extension at midstance, when the limb is perpendi-
cular to the ground, is a very sensitive indicator of the
amount of ground reaction force on the limb in both fore-
limbs and hindlimbs (Fig. 13.8).22,23,39 When compared to
the sound limb in a unilateral lameness condition, the
fetlock is relatively less extended in the lame limb.12 In a
lameness of moderate severity this difference can be up to
5° in the sagittal plane at the fast trot.13 With lameness,
maximum coffin joint flexion within the first half of the
stance phase of the stride is also reduced.12 Although these
changes are consistent and can be measured by sophisti-
cated kinematic or goniometric techniques it is questionable
whether they can be reliably detected by direct visual obser-
vation.

Kinematic parameters used
to detect and differentiate
hindlimb lameness

Vertical pelvic movement

Analysis of pelvic movement is frequently used in the
identification of hindlimb lameness and varying descrip-
tions of how to do this have been published.24–27 The
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Fig. 13.7
Forelimb hoof-flight pattern after induction of toe and heel
lameness. (1) Breakover is lined up in time to show the
increased protraction with toe lameness. (2) Hoof impact
after heel lameness. (3) Hoof impact after toe lameness.

Fig. 13.8
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pattern of vertical movement of the pelvis is similar to that
of the head seen in trotting horses.7 Vertical pelvic move-
ment has a sinusoidal pattern with two cycles occurring
during one complete stride. The first minimum height is
reached during the middle of one of the limb’s stance phase
and the first maximum height at the end of this stance
phase. A second symmetrical oscillation occurs during the
stance phase of the contralateral limb (Fig. 13.9). Although
extraneous vertical movement of the pelvis (unassociated
with normal inertial changes due to mechanics of move-
ment) does occur, its contribution to total vertical move-
ment of the pelvis is much less than that seen in the head.7

However, as in the forelimb, algorithms can be applied to
eliminate extraneous pelvic movement and evaluate only
movement due to the biphasic vertical excursion.

Unilateral hindlimb lameness changes the symmetry of
pelvic movement.7,25,28,29 During lameness the entire pelvis
exhibits less lowering during the stance phase and less lifting
at the end and following the stance phase of the lame limb
(Fig. 13.10). Using the classification scheme described above,
this describes a typical type-1 lameness. These changes are
proportional to the degree of lameness. Severe hindlimb
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Fig. 13.10
Video frames and graphs depicting vertical pelvic and right
hindlimb foot movement in a trotting horse with an induced
right hindlimb lameness. (A) First vertical minimum is lowest
at midstance of the left hindlimb. Right hindlimb is at
midswing. (B) First vertical maximum just after lift-off of the
left hindlimb foot and just before impact of the right hindlimb
foot. (C) Second vertical minimum at midstance of the right
hindlimb. Left hindlimb is at midswing.There is less downward
movement of the pelvis compared to vertical minimum at left
hindlimb stance. (D) Second vertical maximum just after lift-
off of the right hindlimb foot and just before impact of the left
hindlimb foot. Curves at the top of each video frame (yellow)
are the vertical pelvic position.Arrows indicate points on the
curve corresponding to video frame shown. Curves at the
bottom of each video frame (orange) are the vertical position
of the right hindlimb foot.Arrows indicate points on the curve
corresponding to the video frame shown. Pelvic and right
hindlimb foot heights are not in same scale.Approximately
three full strides are indicated by the curves.

A B

C D

Fig. 13.9
Video frames and graphs depicting vertical pelvic and right
hindlimb foot movement in a sound trotting horse. (A) First
vertical minimum at midstance of the left hindlimb. Right
hindlimb is at midswing. (B) First vertical maximum just after
lift-off of the left hindlimb foot and just before impact of the
right hindlimb foot. (C) Second vertical minimum at midstance
of the right hindlimb. Left hindlimb is at midswing. (D) Second
vertical maximum just after lift-off of the right hindlimb foot
and just before impact of the left hindlimb foot. Curves at the
top of each video frame (yellow) are the vertical pelvic
position.Arrows indicate points on the curve corresponding
to video frame shown. Curves at the bottom of each video
frame (orange) are the vertical position of the right hindlimb
foot.Arrows indicate points on the curve corresponding to
the video frame shown. Pelvic and right hindlimb foot heights
are not in same scale.Approximately three full strides are
indicated by the curves.



lameness may change the degree of symmetry to the extent
that there is very little downward movement of the pelvis
during the stance phase of the lame limb (Fig. 13.11). It is
instructive to note that, in contrast to what is occasionally
seen with head movement in forelimb lameness, increased
pelvic movement at the end of the stance phase of the lame
limb (a type-2 lameness) has not been described.

Tuber coxae movement

Vertical movement of the tuber coxae is normally slightly
asymmetric in time. The vertical movement of the tuber
coxae has the same basic pattern as the entire pelvis, but
the two oscillations are not completely symmetric. The first
minimum height is reached during the middle of one limb’s
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Fig. 13.11
Vertical pelvic movement asymmetry with increasing severity of hindlimb lameness. (A–C) Amount of downward movement during
the stance phase of the lame limb becomes less and less, until (D) minimum vertical position during stance phase of lame limb
almost disappears.Arrows indicate approximate time of lame (right) hindlimb midstance.Arrowheads indicate corresponding
decreasing elevation of the pelvis after the stance phase of the lame (right) hindlimb.
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Fig. 13.12
Vertical tuber coxae movement in two sound horses.Tuber sacral movement is symmetric. (A) In horse 1, tuber coxae vertical
movement is only slightly asymmetric, indicating little pelvic rotation. (B) In horse 2, tuber coxae vertical movement is very
asymmetric, indicating greater pelvic rotation.



stance phase and first maximum height is reached at the
end of this stance phase. The second oscillation occurs
during and shortly following the stance phase of the con-
tralateral hindlimb. However, the vertical movement of the
tuber coxae is greater during and shortly after the stance
phase of the contralateral hindlimb than that of the ipsilat-
eral hindlimb. The tuber coxae reaches its lowest height at
midstance and its maximum height just following the
stance phase of the contralateral limb (Fig. 13.12). The
asymmetrical movement of the tuber coxae has been attrib-
uted to rotational movements of the pelvis around the lon-
gitudinal axis of the vertebral column.7,28 If the pelvis did
not rotate the pattern of vertical movements of both tuber
coxae would be identical to each other and to the entire
pelvis.

The degree of tuber coxae vertical movement asymmetry
seen normally in the sound horse is exaggerated in the lame
horse (Fig. 13.13). In lame horses the tuber coxae of the lame

limb has less downward movement during and less upward
movement at the end and shortly following the stance phase
of the lame limb. During the stance phase of the sound limb
the contralateral tuber coxae has more downward movement
during and more upward movement at the end and shortly
following the stance phase of the sound limb. This increased
upward movement after the stance phase of the sound limb
may be what is referred to as ‘hip hike’.

Clinically, tuber coxae movement has been described to be
useful in the diagnosis of hindlimb lameness.25 Because of
pelvic rotation, total vertical movement of the tuber coxae is
greater than total vertical pelvic movement and thus may be
easier to observe. Total vertical movement of the tuber coxae
is greater on the side of hindlimb lameness. This asymmetry
in the amplitudes of left and right vertical tuber coxae move-
ments has been measured and used to diagnose hindlimb
lameness in horses.7,8,14,25 One explanation for the exag-
gerated tuber coxae movement on the lame side has been
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Fig. 13.13
Vertical tuber coxae movement in a (A) sound horse and in (B) the same horse after induction of a right hindlimb lameness. Note
the increased vertical movement asymmetry in the right tuber coxae after induction of lameness. Note also the development of
asymmetry of vertical tuber sacral movement after induction of lameness.

Fig. 13.14
Evaluation of hindlimb protraction at the trot by
observing the distance between ipsilateral fore- and
hindlimb feet.



offered by Buchner et al.7 In a right hindlimb lameness the
right tuber coxae during right stance has mainly vertical
movements. These excursions are enlarged during left stance
by rotational movements in the spine. Exaggerated back rota-
tion during the stance of the lame limb may reduce lifting
effort during lame limb stance phase.

Although total vertical tuber coxae movement may be
observed more easily than total pelvic vertical movement,
observing only total vertical tuber coxae movement in some
cases may be misleading. Individual horses have varying
amounts of vertical tuber coxae movement asymmetry, likely
due to different rotational flexibilities of the pelvis and
vertebral columns. In some horses tuber coxae movement is
primarily due to vertical movement of the trunk and is
equally symmetrical as total pelvic vertical movement. In
other horses with more significant pelvic rotational move-
ment there is greater vertical tuber coxae movement asym-
metry (see Fig. 13.12). Mild asymmetries between right and
left tuber coxae vertical movement have been identified in
clinically sound horses,8,28 suggesting that the degree of
acceptable asymmetry has not yet been determined. Horses
with pre-existing pelvic shape asymmetry unassociated with
lameness may also have fairly dramatic vertical tuber coxae
movement.

Hindlimb protraction

Decreased hindlimb protraction is a useful indicator of
hindlimb lameness. With hindlimb lameness of the tarsus and
foot, reduced protraction of the lame hindlimb has been meas-
ured.12,14,30 This change may be a method of decreasing load
on the hindlimb by placing it further away from the center of
gravity.12 The decreased protraction of the hindlimb is an easy
gait parameter to evaluate at the trot and walk because of the
reference point provided by the simultaneous backward move-
ment of the ipsilateral forelimb. The space between the maxi-
mally retracted forelimb and the maximally protracted

hindlimb on one side of the body can be easily compared to that
on the other side during the next half of the stride (Fig. 13.14).

The difference between forelimb and hindlimb protrac-
tion and retraction accommodation with lameness can be
most easily explained by differences in the timing of load on
the limb. In the forelimb the load is greatest during the
second half of the stance phase when the limb is more
directly under the center of gravity of the trunk. In the
hindlimb the highest load occurs in the first half of stance
phase. The horse attempts to restrict the forward motion of
the hindlimb so that hoof impact is farther from the trunk’s
center of gravity.

Joint angle changes

Changes in the maximum flexion and extension of various
joint angles have been measured in the sound and affected
limbs of horses with unilateral hindlimb lameness.8,12,14,30,31

In general the flexion and extension patterns of the distal
joints seem to be primarily affected by ground reaction forces
or differences in the loading of the limbs.32 Several
researchers have documented significant decrease in fetlock
joint extension of the lame hindlimb.12,14 Comparing the
relative extension of the right and left fetlock joint during
stance has also been described in visual descriptions of
lameness.24,33 Changes in the pattern of fetlock and coffin
joint movement mimic closely the pattern of changes in ver-
tical ground reaction forces.

Tarsal flexion increases during the swing phase of the
lame limb after sole-induced lameness (Fig. 13.15).12 The
increase is attributed to an effort by the horse to avoid drag-
ging the toe after push-off in the lame limb, resulting in lower
trunk height. If the trunk is not raised to the normal degree
after push-off of the lame limb then increased flexion of the
joints during swing may be necessary to avoid dragging the
toe during the swing phase of the lame leg. However, in a
study of induced distal tarsal lameness, fetlock flexion
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Fig. 13.15
Maximum tarsal flexion during the swing phase of
the stride (arrow). Maximum tarsal extension at
the end of stance (arrowhead).



increased but tarsal angle during the swing phase of the
affected limb was unchanged.14

Decreased flexion of all limb joints during the swing phase
of the lame hindlimb resulting in an increase in tuber coxae
height during the swing phase of the stride has been
described, but to the authors’ knowledge this has not been
measured directly. All present data suggest that, in weight-
bearing lameness, flexion of the proximal joints is increased
or unchanged.

By contrast, the tarsal joint during stance tends to flex
more (extend less) during lameness of the hindlimb.12,14

Tarsal angle during stance is influenced by ground reaction
force, as in the fetlock, but being a proximal joint it is also
under heavy influence of large proximal limb muscle
groups. With pain during weight bearing in a lame limb, 
the large proximal muscle groups act to provide gentler and
less sudden braking of the limb at the onset of weight
bearing. In a study of induced distal tarsal lameness that
resulted in the development of mild to moderate lameness,
mean hock flexion during the stance phase of the stride was
3° greater after lameness induction than before.14 This
small degree of change is probably not apparent to the
naked eye.

Changes in hindlimb
abduction/adduction

Changes in hindlimb abduction and adduction have been
reported in subjective, observational descriptions of lameness
evaluation.34,35 The most common description is that of
tarsal adduction or medial swinging of the hindlimb during
protraction and a lateral hoof wall landing pattern, which is
reported to be specific for lameness involving the distal tarsal
joints.34,35 To the authors’ knowledge, this parameter has not
been measured directly and the same hindlimb movement
pattern is seen in lameness emanating from other foci within
the hindlimb.

Foot-flight pattern

As described previously, the foot-flight pattern of the
hindlimb in horses has two peaks, with a depression or
lowering occurring about midswing. Maximum height and
pattern of hoof flight may be affected by lameness. In one
study, maximum hoof height during the swing phase of the
stride was lower after sole pressure-induced lameness.7 A
lower hoof flight arc has also been described in a single case
report of distal tarsal degenerative joint disease.30 A
decrease in the height of the hoof-flight arc with hindlimb
lameness may be due to an overall decrease in trunk height
after push-off of the lame limb. In one study of induced
distal tarsal arthritis, hoof height during swing increased in
the lame limb.14 As in the forelimb, hoof-flight arc is likely to
be simultaneously affected by decreased trunk elevation
and increased proximal limb joint flexion. Determination of
lameness based upon hoof height or pattern alone is not
reliable.

Interlimb co-ordination

In most trotting horses the forelimb and contralateral
hindlimb contact the ground surface simultaneously.34,36 At
high forward trunk velocities or during elite performance,
slight dissociation between the normal co-ordination of limb
pairs may occur.34,37 Dissociation of simultaneous forelimb
and hindlimb impact in one forelimb–hindlimb pair may be a
sign of lameness. In cases of moderate to marked hindlimb
lameness the forelimb contacts the ground surface before the
lame hindlimb.36,38

Kinematic parameters
associated with bilateral
lameness

Many musculoskeletal problems in horses present as bilat-
eral lameness, two common examples being navicular
disease and distal tarsal degenerative joint disease. The
evaluation of bilateral lameness is complicated by two
factors. Symmetry of movement between the right and left
sides of the body is maintained to some extent with bilat-
eral lameness.31,38 Often the magnitude of pain and dys-
function in one limb is only slightly more or less intense
than in the similarly affected other side. Careful observa-
tion is necessary to detect the small differences in symme-
try of movement between the affected sides. A second
factor complicating the detection of bilateral lameness is
the propensity for the lameness to shift sides during the
lameness examination. In some cases of bilateral lameness
local, regional or joint anesthesia may be used to temporar-
ily reduce lameness on one side. Frequently, after local
anesthesia of one limb, the lameness will become more uni-
lateral, simplifying lameness detection. In other cases the
source of lameness may not be amenable to local anesthe-
sia or the effects of local anesthetics may actually interfere
with the detection of mild changes in lameness.40,41

The characteristic stride described for a horse with a bi-
lateral lameness is a short, ‘stiff ’ and ‘shuffling gait’.26,42

Attempts to objectively measure these changes in stride
parameters during bilateral lameness have been made and
described.31,35 In one study utilizing a bilateral hoof-induced
lameness model, horses exhibited some characteristic gait
compensations. Total stride duration was reduced, relative
stance duration was increased and a diagonal advanced
placement (placing forelimbs earlier than hindlimbs) was
initiated.36

Without pre-existing control data from a horse with bi-
lateral lameness of equivalent severity between the right and
left sides, diagnosis of lameness based upon kinematic
parameters would be challenging. Kinematic detection of
such cases requires analysis of multiple stride sequences to
evaluate the limb-shifting nature of the lameness and precise
detection of subtle asymmetries between left and right sides.
A database of kinematic evaluation of normal sound horses
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to establish accepted asymmetry measurements for relative
comparison would also be needed.

Kinematic parameters in
compensatory lameness

Horses with true hindlimb lameness will frequently appear
to have false, ipsilateral forelimb lameness (Fig. 13.16).43

The hindlimb lameness causes a compensatory asymmetric

vertical movement of the head, with the head moving down
less when the ipsilateral forelimb is in stance. Sometimes
rather mild hindlimb lameness will cause a more apparent
severe but false forelimb lameness on the ipsilateral side.
Conversely, sometimes horses with true forelimb lameness
will appear to have false, contralateral hindlimb lameness
(Fig. 13.17). The forelimb lameness causes a compensatory
asymmetric vertical movement of the pelvis. The pelvis will
move down less when the contralateral hindlimb is in
stance phase. The biomechanical compensation mimicking
hindlimb lameness only occurs when the forelimb lameness
is moderate to severe. Therefore, it is a good rule of thumb,
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Fig. 13.16
(A) Mild induced right hindlimb lameness causing a (B) moderate to severe compensatory right forelimb lameness. Notice less
downward movement of the pelvis during the stance phase of the right hindlimb in (A) and less downward movement of the head
during the stance phase of the right forelimb in (B).

Fig. 13.17
(A) Severe induced left forelimb lameness causing a (B) mild compensatory right hindlimb lameness. Notice less downward
movement of the head during the swing phase of the right forelimb (stance phase of the left forelimb) in (A) and slightly less
downward movement of the pelvis during the stance phase of the right hindlimb in (B).



when presented with what appears to be an ipsilateral fore-
limb and hindlimb lameness, to assume first that the
hindlimb lameness is primary and when presented with
what appears to be a contralateral forelimb and hindlimb
lameness, to assume that the forelimb lameness is primary.
This rule of thumb has sometimes been termed ‘the rule 
of sides’.

Future directions for
kinematic analysis of
lameness in horses

Advances in camera and computer technology are resulting
in more clinically useful kinematic evaluation techniques.
Kinematic analysis has identified objective and specific
changes in movement indicative of lameness. This knowledge
is improving our understanding and therefore teaching of
normal and abnormal locomotion. As our knowledge and
ability to detect gait compensations increase further, the pos-
sibilities for earlier and more accurate detection of lameness
increase.

Future directions in the kinematic analysis of gait for the
detection of lameness should concentrate on isolating parame-
ters useful in localizing the site of lameness within an affected
limb. Preliminary evidence indicates this may be possible with
the aid of advanced signal and data processing techniques. As
additional investigative endeavors and further study of known
lameness conditions continue, automatic classification of lame-
ness to the affected limb, and possibly to the specific site within
the affected limb, could be achieved. Development of new kine-
matic measurement techniques that free the horse from the
treadmill should also be pursued. Acceleration of the head,
pelvis and feet can be measured with small sensors44,45 and the
signals transmitted wirelessly to receivers attached to laptop or
handheld computers. Acceleration can then be integrated to
positional measurements and the analysis techniques already
developed from standard video-based kinematic analysis could
be utilized.46 Such a system could be used by equine practition-
ers in a field setting.

Combining measurement of ground reaction forces with
kinematic gait analysis allows calculation of joint torque and
internal tendon forces through inverse dynamic analy-
sis.47,48 The parameters are affected by lameness49 and
knowledge of how these parameters change with lameness
will be helpful in developing models for the detection of
equine lameness. However, further development of ground
reaction force measurement techniques will be required for
them to be really useful for the detection of mild to moderate
lameness condition in horses. Trotting the horse over sta-
tionary force plates does not control stride variability.
Collection of multiple, contiguous strides will lessen trial
variance when evaluating lameness conditions with
significant stride-to-stride variation. Force-measuring tread-
mills50 and shoes51–54 have been designed and described, but

the techniques are either in their infancy or have not been
widely adopted. Further development of these kinetic tech-
niques for simultaneous use with kinematic gait analysis
should be pursued.55
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History

A complete anamnesis of a horse presented for evaluation of
gait abnormality helps to narrow the list of differential diag-
noses, determines the effect of previous treatment or shoeing
protocols and may help to narrow the focus of the examina-
tion. The signalment of the horse (age, sex, breed and use of
the horse) should be clearly elucidated. The list of potential
diagnoses will be different for a 2-year-old Warmblood horse
in early training as opposed to a 2-year-old Thoroughbred
that has started three races.

Specific questions to ask during the
history

When did you (or your trainer) first notice a
lameness problem and how long has it been
present?

Acute onset of lameness may indicate abnormalities such as
severe subsolar bruising or osteochondral fracture. Prolonged,
insidious onset of lameness may be due to wear-and-tear disor-
ders such as navicular syndrome or bone spavin.

Describe what you noticed initially

Owners and trainers may make an incorrect interpretation of
the initial signs of subtle lameness, but their interpretations
may still be very useful. For example, a short and choppy fore-
limb gait associated with heel pain is often described by
clients as ‘sore in the shoulders’ because of the shuffling gait.
Also, advanced riders may notice subtle abnormalities in
their horse’s gait that may be extremely difficult to observe
during the lameness examination. An example would be
reluctance of a dressage horse to enter a round frame while
being ridden.

Introduction

The evaluation of lameness includes the following steps:

● history
● visual examination at rest
● in motion examination
● manipulations
● localization
● diagnostic imaging.

A horse without gait abnormalities should move in a balanced
manner with all limb movements in equilibrium. If lameness
is present, it is the examiner’s task to identify the gait abnor-
mality, its location and the likely causes and to recommend
appropriate treatment. Evaluation of lameness requires an
ability to visualize gait abnormalities, skill in applying tech-
niques that localize the abnormality to a specific site, and
obtaining and interpreting appropriate images of the site.
These findings must be consolidated to determine a diagnosis.

Experience in observing and interpreting the equine gait is
a hard-fought and ongoing process. The science of gait eval-
uations (see Chapters 12 and 13) may help us understand
how and why a horse moves in a particular fashion, but
visual examination by a trained and experienced examiner
remains the basis for most lameness examinations.
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When is the lameness most obvious?

Lameness that is first evident when the horse comes out of
the stall or early in an exercise period (when the horse is
‘cold’) may be associated with synovitis or arthritis.
Lameness that decreases in severity as the horse warms up
during exercise is also often associated with arthritis.
Lameness that becomes more pronounced with longer
periods of exercise may be indicative of tendon or ligament
inflammation. The lameness may be more evident on differ-
ent types of surfaces. Deep footing may make soft tissue
injuries more apparent, while very firm footing will cause
greater concussion and may exacerbate lameness due to
arthritis.

Have you noticed any swelling or
thickenings?

Some effusions and soft tissue swellings may be transient.
Joint effusion with carpal osteochondral fracture often is
pronounced near the time of occurrence and then gradually
subsides. Soft tissue swelling due to tendinitis is often observ-
able for prolonged periods of time.

Has the horse undergone any treatment for
this condition?

For example, has the horse had rest, medication, change in
level of use or shoeing modifications?

When was your horse last shod?

Changes in hoof angle and paring of a thin sole may be a
cause of transient lameness. Excessive wear of the hoof or
shoes soon after a farrier visit may be indicative of a more
severe gait abnormality.

Any previous history of lameness?

Is this a new condition or a continuation of a previous
injury?

Visual examination at rest

Before observing the horse in motion, a careful appraisal of
the horse’s conformation and close visualization of its stance
and limbs should be made. Start by evaluating the horse from
a distance to allow appreciation of its stance, general confor-
mation, areas of swelling or atrophy and attitude. Evaluate
wear patterns of the hoof or shoes. Closer inspection should
always involve palpation of each limb in its entirety. Subtle
effusion of the carpal joints and medial femorotibial joints
may only be noticed with palpation. Swollen regions should
be palpated to evaluate tissue temperature and the degree of
sensitivity to deep palpation. A swelling that is sensitive to
touch and is warmer than surrounding areas is likely under-

going active inflammation. A cold, insensitive swelling may
be a lesion that has healed and is no longer actively inflamed.

The digital pulses should always be palpated at the level of
the proximal sesamoid bones or in the pastern region of each
distal limb. Elevated pulses are associated with injury or
inflammation in the distal limb and may help localize the
lesion to medial or lateral aspects of the limb.

Tendons and ligaments should be palpated with the limb
in both weight-bearing and flexed positions. Tendon sheath
effusions are best evaluated with the limb bearing weight.
When the limb is flexed the tendons and ligaments on the
palmar or plantar surface are more easily defined and sepa-
rated. Deep palpation of the mid- to proximal suspensory
ligament often elicits some discomfort in the normal horse.
Compare contralateral limbs if there is a concern regarding
palpation sensitivity.1

In motion examination

Examination of the lame horse in motion is necessary to
characterize the nature and intensity of the gait abnormality.
The lameness should be graded using a consistent scale
(Table 14.1).2 Conducting the in motion examination in
controlled surroundings will add consistency to the findings.
The ideal location in which to examine a horse for lameness
is a flat, firm surface where the horse may by jogged for
30–40 meters without encountering obstructions or distrac-
tions.3 An asphalt surface has the advantage of allowing the
examiner to both visualize and listen to the horse’s footfalls.
The sound of the lame limb impacting the surface will be
diminished when compared to the unaffected contralateral
limb. A common finding with subtle gait abnormalities is the
unaffected limb of a pair impacting the surface louder than
the affected limb.

A safe place to work the horse in a circle, preferably on a
lunge line, should be available (Fig. 14.1). The surface should
be firm, but safe enough to permit circles from 10 to
20 meters in diameter without risk of the horse slipping.
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Grade Lameness grading scale (after AAEP scale2)

0 Lameness is not observed
1 Intermittent or inconsistent lameness at the trot that is 

difficult to discern under any circumstance
2 Lameness is difficult to observe at a walk or trot in a 

straight line, but is consistently apparent under special 
circumstances such as with manipulation, lunging or 
riding

3 Lameness is consistently observed at the trot under all 
conditions

4 Lameness is obvious with marked asymmetry of gait at 
the trot without manipulation

5 Minimal or no weight bearing on the affected limb, horse 
is reluctant to move

Table 14.1 Lameness grading scale



Horses with subtle gait abnormalities may need to be
observed while being worked in normal tack. In select cir-
cumstances an examiner with sufficient experience may find
it useful to work or ride the horse. This is particularly useful
in harness race horses that only demonstrate their gait
abnormalities at speed.

Watch the horse initially at a walk to evaluate footfall
patterns and to familiarize the horse with the environment in
which the examination will take place. Each foot should
normally land heel first, then toe with the lateral and medial
aspects of the hoof landing nearly equally in time.4 Deviations
from normal footfall may indicate dynamic imbalance of the
limb that could be due to abnormalities of conformation, hoof
shape, shoeing or pain. The swinging phase of the limb in a
correctly conformed horse should be a straight track without
any tendency to swinging in or out. Toe-in or toe-out confor-
mations predispose the horse to swinging out (‘paddling’) or
swinging in (‘winging in’), respectively.3

The trot is the most useful gait to evaluate lameness
because it is a symmetrical, two-beat gait where diagonal
limb pairs are simultaneously in the stance phase. The horse
should be trotted at a comfortable, unhurried speed with the
head allowed to move freely up and down. The horse should
be trotted directly away and returned directly toward the
examiner. Subtle imbalances in gait may easily be missed if
the examiner is not directly aligned with the center of the
long axis of the horse (the vertebral column). The examiner
should also observe the horse from the side as it trots by for
characteristics of stride length and to determine if there is
any toe dragging. Viewing the horse from the side at the trot
may provide better evaluation of rear limb lameness.5

Lameness is evident to the observer as an asymmetry of
the gait. Forelimb lameness is usually evident as a head bob:
the head rises immediately prior to and during weight
bearing of the lame limb. Conversely, the head drops as the
sound limb contacts the ground and bears weight.6 Stride
length may also be altered by gait abnormalities. A shortened
anterior phase to the stride (shuffling gait) may be associated
with heel pain as the horse is reluctant to extend the affected
limb and bear full weight on the heel.3 This type of change in
the stride may also occur due to pain during the swing phase
of the gait, such as may be encountered with bicipital
bursitis/tendinitis of the forelimb. Subtle forelimb lameness
may only be evident as an unequal shift in weight with the
unaffected limb bearing more weight than the lame limb.
Such subtle weight shifts are best observed with the horse
trotting directly toward the examiner.

Rear limb gait abnormalities may be evident as elevation
of the hip (hip hike, gluteal rise), dropping of the hip (hip
drop, gluteal drop), toe dragging and decreased stride
length.3 These responses to rear limb lameness are mecha-
nisms the horse uses to avoid discomfort during various por-
tions of the stride and are due to the nature of the
abnormality. Elevation of the hip occurs when the horse
shifts weight away from the lame limb during the weight-
bearing phase of the stride. Dropping of the hip occurs if
pain is most acute during the posterior phase of the weight-
bearing portion of the stride. Often this movement is associ-
ated with abnormalities of the caudal/plantar aspect of the
rear limb such as suspensory desmitis, flexor tendinitis,
desmitis of the distal suspensory apparatus and injury to the
semimembranosus/semitendinosus muscle group. Dragging
of the toe is associated with reluctance to raise the limb
during the swing phase of the stride and usually suggests
upper rear limb joint lameness such as bone spavin and
abnormalities of the stifle or coxofemoral joints.

Stashak describes ‘gluteal rise and use’ as characteristics
observed from the rear of the horse at the trot. Gluteal rise is
observed during the swing phase of the stride and use is
observed during weight bearing.3 Three characteristics of
rear limb lameness in relationship to the gluteals were
described.

1. Depressed gluteal rise and use is associated with upper rear
limb (usually hip region) lameness.

2. Symmetric gluteal rise, but decreased gluteal use, is seen in
subtle rear limb lameness and is non-localizing.

3. Rapid increased gluteal rise with decreased gluteal use is
found in horses with marked discomfort during weight
bearing and is often associated with a noticeable head
bob.3

During the trot the pelvis normally rocks symmetrically from
left to right in the sound horse when observed from the rear.
In a study of induced right distal tarsal lameness, the right
limb had greater vertical displacement of the tuber coxae
than did the left (unaffected) limb, but the difference was not
significant.5 However, the ratio of left to right tuber coxae ver-
tical displacement decreased 20% with the induction of distal
tarsal lameness.5 The change in ratio was evidence that tuber
coxae asymmetric movement is a sensitive indicator of rear
limb lameness at the trot.5 A practical application of these
findings is that when a rear limb lameness is observed at the
trot from the rear of the horse, the tuber coxae of the lame
limb usually has greater up-and-down motion compared to
the tuber coxae of the sound limb.

Severe rear limb lameness (≥ grade 3) is often associated
with a head bob. At the trot the rear limb and the contra-
lateral forelimb are simultaneously in the same stride phase
(working as a diagonal pair). If lameness of the rear limb is
severe enough, as the affected limb contacts the ground the
horse will shift weight forward (off the lame rear limb) using
its neck, resulting in an observable head drop as the con-
tralateral forelimb enters the weight-bearing phase of the
stride. Kinematic analysis has found a measurable head bob
with even mild rear limb lameness.7 The examiner needs to be
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aware of this process as moderate to severe rear limb lame-
ness may be confused with a lameness of the ipsilateral
forelimb.3,7

When the examiner has difficulty in determining which
limb is lame, it may be easier to determine which limb is
sound. At times it is simpler to visualize and/or hear which
limb is bearing more weight (the sound limb). Manipulative
tests should be used when lameness is subtle.

Manipulative tests and
techniques

Manipulations that enhance or localize lameness include:

● work on the lunge line
● hoof tester application
● flexion tests
● riding or working with tack
● rectal palpation.

Lunge line

Most sport horses may be safely worked in a circle on a lunge
line. Working the horse in a 10–20 meter diameter circle will
put additional weight and stress on the innermost limbs and
the medial aspect of the outermost limbs (see Fig. 14.1). The
additional stress on the limbs helps the examiner identify
subtle lamenesses and in some cases will help localize the
region of soreness to a portion of the limb. A round pen of
appropriate size may be similarly used.

Use of hoof testers

Hoof testers are squeezed on the sole and hoof capsule to
determine if there are any sensitive areas present. Hoof tester
pressure on normal hoof or sole does not result in a signifi-
cant withdrawal response. If a sensitive area is found the hoof
tester pressure should be repeated to verify the finding, then
pressure should be maintained for 20–30 seconds and the
horse should be trotted off to determine if pressure on the
sensitive area causes an exacerbation of the lameness.
Significant sensitive areas should be closely evaluated by
paring out the foot.

While using the hoof testers the foot should also be evalu-
ated for balance, general condition of the hoof and sole and
the degree of wear of shoes and hoof walls. Abnormalities
such as dished hoof, long toe, low heels, sheared heels, con-
tracted heels, hoof cracks, thrush, flaky sole, hard sole, sole
bruising and white line disease should be noted. Percuss the
hoof wall with the hoof tester or a hammer. Hollow-sounding
areas may correspond to a deep abscess or hoof wall separa-
tion. Areas of pain on concussion may be indicative of a
tightly clinched nail or a nail that has penetrated the sensitive
laminae and is causing a local abscess.

Flexion tests

Flexion tests are used to apply stress or pressure on an
anatomic region of the limb for a set period of time. Following
the flexion period the horse is trotted off and observed for the
effects of the test on gait. Recalling the baseline level of lame-
ness during both trotting on the lead rope and on the lunge
line (if appropriate) is crucial to objectively evaluating the
results of both flexion tests and diagnostic local anesthesia.
The amount and duration of pressure applied may affect the
outcome of flexion tests.8 Consistency of application is also a
key to correct interpretation of flexion tests. The flexion test,
particularly of the distal limb, should not be overinterpreted.
More than 60 of 100 horses determined to be sound prior to
application of manipulative tests had some degree of lame-
ness evident after distal limb flexion.9

Each flexion test should be completed in anatomic pairs
(for example, distal flexions of both forelimbs) with the sound
limb flexed first. Tests should progress from the distal to prox-
imal aspect of the limbs. Moderate and equal pressure should
be applied for each flexion test. Consistency is improved by
having the same individual perform all of the tests during an
examination. One study found a 12% coefficient of variation
between multiple distal forelimb flexion tests applied by one
clinician and a 20% coefficient of variation between different
clinicians.10

Flexion tests used for lameness evaluation are described in
Table 14.2. Results of flexion tests may be recorded as:

● negative: no change in lameness
● slight positive: slight exacerbation of lameness following

flexion that is noticed during only a portion of the trotting
course

● moderate positive: lameness is exacerbated while the horse
is trotting away from the examiner, but not on the 
return

● severe positive: marked exacerbation of lameness during
the outbound and return portions of the trotting course.

Other tests

Other aids to localizing lameness include rectal palpation of
the pelvis for upper rear limb lameness, manipulations of the
back (see Chapter 21) and working the horse in its given dis-
cipline with full tack. Working horses in circumstances that
are similar to those when lameness is noticed by the owner or
trainer is especially important for evaluation of subtle lame-
nesses or those that only occur under special circumstances.

Localization with diagnostic
local anesthesia

Diagnostic local anesthesia (‘nerve block’) is performed to
localize lameness. Important considerations are:
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Sequence of Technique Duration
flexion tests of test

Forelimb
Distal limb Stand to the front or side of the horse with the carpus relaxed. Grasp the toe with one hand, using the 60 seconds

other hand placed on the palmar aspect of the distal metacarpus as a fulcrum (Fig. 14.2A).Alternatively,
stand in front of the horse and grasp the toe with both hands, placing the dorsal aspect of the fetlock 
on your knees and flexing the distal joints (Fig. 14.2B). Distal limb flexion stresses the metacarpophalangeal,
proximal interphalangeal and distal interphalangeal joints and the navicular region

Carpus Stand to the side of the horse and grasp the distal dorsal aspect of the metacarpus with one hand. Flex 60 seconds
the carpus maximally.A full range of motion is evident when the palmar metacarpus contacts the caudal 
aspect of the antebrachium.The metacarpus may be adducted and abducted during flexion to provide 
more stress to the medial and lateral aspects of the joints

Metacarpus Direct pressure on the flexor tendons or suspensory ligament 30 seconds

Proximal The shoulder and elbow are difficult to isolate.The bicipital bursa of the shoulder may be evaluated by 30–60
forelimb applying direct pressure over the bicipital tendon at the point of the shoulder or by retracting the upper seconds

forelimb caudally to its full extent.The upper limb should be abducted and adducted to stress the medial 
and lateral support structures of the joints

Rear limb
Distal rear Techniques are similar to that used in the forelimb. Flexion is performed with the tarsus and stifle relaxed. 60 seconds
limb See Fig. 14.3A and B for two techniques

Full rear limb Also referred to as the spavin test, this flexion test stresses all of the rear limb joints to some degree 90 seconds
because of their connection via the reciprocal apparatus. However, the tarsus and stifle joints are stressed
more than others.The rear limb is grasped with both hands around the distal metatarsus and the full limb
is flexed maximally

Stifle This joint is stressed during application of the full limb flexion.The cruciate ligaments may be stressed by 15–30
abruptly forcing the tibial crest caudally using a hand on the tibial crest while the horse is fully weight seconds
bearing on the limb.The medial collateral ligament of the stifle may be stressed by picking up the limb,
grasping the mid-metatarsus and placing the examiner’s shoulder over the lateral aspect of the stifle.
Abruptly abduct the distal limb, using the examiner’s shoulder as the fulcrum

Coxofemoral With the limb not bearing weight and nearly extended, ‘stir’ the limb in an arc.An alternative method is to 30 seconds
joint adduct the limb. For example, to stress the right coxofemoral joint, stand on the horse’s left, pick up the

right rear limb while maintaining limb extension and pulling the distal limb to the horse’s left side (Fig. 14.4)

Table 14.2 Manipulative tests for lameness evaluation

A B

Fig. 14.2
(A) Distal forelimb flexion using one hand as the
fulcrum on the palmar aspect of the fetlock and
one hand pulling on the toe of the hoof. (B)
Distal forelimb flexion with the dorsal aspect of
the fetlock resting on the operator’s knees and
both hands used to pull on the toe. Excessive
force during this manipulation may lead to false-
positive results.



1. understanding the anatomy to provide accurate place-
ment of the anesthetic

2. being aware of different options for administering anes-
thetic to a site as clinical situations may dictate one
technique over another

3. maintaining strict asepsis when penetrating synovial
spaces.

Mepivacaine HCl 2% is the preferred local anesthetic for
regional and joint anesthesia in horses. Compared to lido-
caine (lignocaine), it is less irritating to tissues and has a com-
parable onset, yet a longer duration of action.11,12 Local
anesthetics cause blockade of sodium channels that results in
inhibition of nerve conduction.13 The effectiveness of local
anesthesia depends on local tissue pH (local anesthetics are
much less effective in acid pH), accuracy of deposition and
the size of nerves being blocked (small, unmyelinated fibers
are more sensitive than large, myelinated fibers).13 The toxic
dose is approximately 13 mg/kg (~6 mg/lb). Overdose of
local anesthetics may result in heart block, bradycardia and
convulsions.14 Toxicity is usually only a concern in smaller
animals. Onset of action for regional nerve blocks is 10–25
minutes with smaller diameter nerves desensitized earlier
than larger nerves. Onset of intra-articular analgesia is 5–10
minutes with a gradual increase in analgesia over that time.
Check the effects of the local anesthetic in most joints at 20
min-utes and in complex joints, such as the stifle, in 30 min-
utes. Mepivacaine inhibits nerve sensation for 90–180
minutes.13

Strict aseptic techniques should always be followed when
injecting joints or synovial structures. A fresh bottle of local
anesthetic should always be used. The site to be injected may
be clipped, but in a study of various methods of preparing the
site of intra-articular injections, clipping of the site was not
found to improve results of skin surface bacteriological
cultures.15 A 7–10 minute scrub with povidone-iodine or
chlorhexidine should be made of the injection site. Imme-
diately prior to injection the site should be carefully wiped
with 70% isopropyl alcohol. The operator should wear sterile
surgical gloves. Adequate assistance should be available for
restraining the horse. The most painful portion of the injec-
tion is needle penetration of the skin and joint capsule.
Confident, quick insertion of the needle in the correct
anatomic site minimizes discomfort for the horse. A skin 
bleb of local anesthetic may be helpful in making the joint
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A B

Fig. 14.3
(A) Distal rear limb flexion with the limb nearly
extended and one hand on the plantar aspect of
the fetlock acting as the fulcrum and the other
hand flexing at the toe of the hoof. (B) An
alternative method of applying a distal rear limb
flexion test by tucking the tuber calcis under the
operator’s inside arm pit and using both hands
to flex the toe.

Fig. 14.4
Manipulative test of
the coxofemoral joint
by adduction of the
rear limb.An assistant
can initially pick up
the limb and hand it
to the operator.



injection less uncomfortable to the horse, particularly when a
larger gauge needle must be used.16

The sequence of diagnostic local anesthesia begins with the
most distal nerves being injected first and gradually working

proximally until the lameness has been localized. Regional
anesthesia usually results in less effective analgesia of intra-
articular soreness than direct intra-articular anesthesia. If the
lameness has been improved noticeably, but not completely,
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Sequence of Anatomic site of injection Region desensitized Needle size and Onset of
diagnostic local anesthetic volume action
anesthesia

Palmar digital Palmar aspect of pastern, immediately proximal Palmar heel, entire sole 25–22 g × 1 inch 10–15
nerves (PDN) to the collateral cartilages 0.5–0.7 × 16 mm minutes

1.5–2 mL/nerve

Dorsal branch of Same as above, redirect needle dorsally All structures within  As above As above
PDN approximately 1 inch (25 mm) the hoof

Abaxial sesamoid Abaxial aspect of proximal sesamoid bones All structures within  25–22 g × 1 inch As above
(palmar nerves) (may use either dorsal branch or abaxial the hoof and most of  0.5–0.7 × 16 mm

sesamoid block) structures from  2–2.5 mL/nerve
midpastern distal

Low four-point At the level of the distal aspect of MCII and Fetlock joint and all 22 g × 1 inch 15 minutes
(palmar nerves and MCIV (splint bones). Palmar nerves are injected distal structures 0.7 × 25 mm
palmar metacarpal subcutaneously between the suspensory branch 4–5 mL per palmar
nerves) and the deep digital flexor tendon immediately nerve, 3 mL per 

proximal to the digital sheath. Palmar metacarpal palmar metacarpal 
nerves are injected subcutaneously immediately nerve
dorsal and distal to the splint buttons

High four-point At the most proximal aspect of the metacarpus All structures distal to 22 g × 1 inch 15 minutes
(palmar nerves and that a palpable groove between the deep digital the point of injection. 0.7 × 25 mm
palmar metacarpal flexor tendon and suspensory ligament is Inadvertent injection of 4–5 mL per palmar
nerves) palpable.The palmar nerves are injected in this the carpometacarpal nerve, 3 mL per 

groove.The palmar metacarpal nerves are joint may occur18 palmar metacarpal 
injected by redirecting the needle to the axial nerve
surface of MCII and MCIV

Base of the The lateral and medial palmar metacarpal and All structures distal to 22 g × 1 inch 15 minutes
accessory carpal lateral palmar nerves lie together at a site the point of injection 0.7 × 25 mm
bone between the flexor retinaculum and the carpal including the origin of 3–4 mL at base of

sheath at a point midway between the head of the suspensory accessory carpal bone,
MCIV and the base of the accessory carpal ligament. Inadvertent 3 mL at medial palmar
bone and immediately distal to the injection within the nerve
accessoriometacarpal ligament.The medial carpal canal may occur18

palmar nerve is injected as previously described19

Suspensory The needle is inserted directly into the origin of The entire suspensory 18 g × 1–1.5 inch First check
ligament origin the suspensory ligament.A large needle is used ligament and structures 1.2 × 25–40 mm in 10

to reduce the chance of breakage. (High distal to the injection 4–6 mL minutes,
four-point, base of accessory carpal and point. Inadvertent then again
suspensory origin blocks may be interchanged injection within the after 20
depending on operator preference) carpometacarpal joint minutes

may occur18

Median/ulnar/ The median nerve is injected on the The entire limb distal to 22–20 g × 1.5 inch 20–30
musculocutaneous caudomedial aspect of the radius immediately points of injection 0.7–0.9 × 40 mm minutes

distal to the pectoral muscle mass.The needle including the carpus, 6–8 mL at median
is partially removed and redirected suspensory origin nerve, 4–6 mL at
subcutaneously to a point just cranial to the musculocutaneous
cephalic vein for the musculocutaneous nerve. nerve, 4–6 mL at the
The ulnar nerve is injected 25 mm deep to the ulnar nerve
skin at a point 6–8 cm proximal to the accessory
carpal bone between the flexor carpi ulnaris and
ulnaris lateralis muscles

Table 14.3 Forelimb diagnostic local anesthesia



following regional nerve anesthesia, intra-articular anesthe-
sia of the suspect joint should be conducted. Regional nerve
blocks are described for the forelimb (Table 14.3) and rear limb
(Table 14.4). Distribution of the peripheral nerves is repre-
sented for the forelimb (Fig. 14.5) and rear limb (Fig. 14.6).

Intra-articular anesthesia

Navicular bursa

Strict asepsis must be adhered to at this site because 
of its close proximity to the ground and the attendant 
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Sequence of Anatomic site of injection Region desensitized Needle size and Onset of
diagnostic local anesthetic volume action
anesthesia

Palmar digital Plantar aspect of pastern, immediately proximal Plantar heel, entire sole 25–22 g × 1 inch 10–15
nerves (PDN) to the collateral cartilages 0.5–0.7 × 16 mm minutes

1.5–2 mL/nerve

Dorsal branch of Same as above, redirect needle dorsally All structures within  As above As above
PDN approximately 1 inch (25 mm) the hoof

Abaxial sesamoid Abaxial aspect of proximal sesamoid bones All structures within  25–22 g × 1 inch As above
(plantar nerves) (may use either dorsal branch or abaxial the hoof and most of  0.5–0.7 × 16 mm

sesamoid block) structures from  2–2.5 mL/nerve
midpastern distal

Low six-point At the level of the distal aspect of MTII and Fetlock joint and all 22 g × 1 inch 15 minutes
(plantar, plantar MTIV (splint bones). Plantar nerves are injected distal structures 0.7 × 25 mm
metatarsal and subcutaneously between the suspensory branch 4–5 mL per plantar
dorsal metatarsal and the deep digital flexor tendon immediately nerve, 3 mL per 
nerves) proximal to the digital sheath. Plantar metatarsal plantar metatarsal 

nerves are injected subcutaneously immediately nerve, 3 mL per
dorsal and distal to the splint buttons. Dorsal dorsal metatarsal
metatarsal nerves are injected immediately nerve
lateral and medial to the common extensor
tendon

High six-point At the most proximal aspect of the metatarsus All structures distal to 22 g × 1 inch 15 minutes
(plantar, plantar a palpable groove between the deep digital the point of injection. 0.7 × 25 mm
metatarsal and flexor tendon and suspensory ligament is Inadvertent injection 4–5 mL per plantar
dorsal metatarsal palpable.The plantar nerves are injected in this within the nerve, 3 mL per 
nerves) groove.The plantar metatarsal nerves are tarsometatarsal joint plantar metatarsal 

injected by redirecting the needle to the axial may occur20 nerve, 3 mL per 
surface of MTII and MTIV. Dorsal metatarsal dorsal metatarsal
nerves are injected immediately lateral and nerve
medial to the long digital extensor tendon

Suspensory The needle is inserted directly into the origin of The entire suspensory 18 g × 1–1.5 inch First check
ligament origin the suspensory ligament.A large needle is used ligament and structures 1.2 × 25–40 mm in 10

to reduce the chance of breakage. (High distal to the injection 4–6 mL minutes,
six-point, and suspensory origin blocks may be point. Inadvertent then again
interchanged depending on operator preference) injection within the after 20

tarsometatarsal joint minutes
may occur20

Tibial/peroneal The tibial nerve is injected subcutaneously on The entire limb distal to 20 g × 1.5 inch 20–30
the medial aspect of the limb approximately points of injection 0.9 × 40 mm minutes
6–8 cm proximal to the tuber calcis and including the tarsus, 6–8 mL at tibial
immediately deep to the calcaneal tendon.The suspensory origin nerve, 4 mL at
peroneal nerves are injected on the lateral each peroneal
aspect of the tibia with the needle inserted nerve
between the muscle bellies of the lateral and 
long digital extensor muscles. Injections are 
made 25 mm deep to the skin (deep peroneal n.)
and subcutaneously (superficial peroneal n.)

Table 14.4 Rear limb diagnostic anesthesia



contaminants. A subcutaneous bleb of local anesthetic
should be placed on the palmar aspect of the distal pastern in
the midsagittal cleft immediately proximal to the heel bulbs.
An 18 gauge, 3 inch (1.2 × 90 mm) spinal needle is advanced
parallel to the bearing surface of the hoof until it contacts the
flexor surface of the navicular bone. The needle should be
aimed at a point 1 cm distal to the coronary band and
midway between its most dorsal and palmar extent.21 Correct
placement of the needle should be confirmed with radi-
ography or fluoroscopy before 3–5 mL of local anesthetic is
injected.22

Comparing the results of navicular bursa, distal inter-
phalangeal joint and palmar digital nerve local anesthesia
may aid localization of distal limb lameness.22 However,
mepivacaine has been found to diffuse widely following injec-
tion in the distal equine limb, potentially confounding efforts
to specifically localize the site of lameness.25

Distal interphalangeal joint

The distal interphalangeal (DIP) joint has a large dorsal
pouch that is easily entered with a needle.23 The joint may
also be approached immediately cranial to the collateral
cartilage.

Anesthetic injected in the DIP joint will desensitize other
nearby structures. The proximal suspensory ligament of the
navicular bone, distal extent of the palmar digital nerves,
navicular bursa and impar ligaments are directly adjacent to
palmar aspects of the DIP joint.24 Thirty minutes after mepi-
vacaine was injected in the DIP, local anesthetic concentra-
tions sufficient to result in analgesia were found in the
navicular bursa synovial fluid (10 of 10 horses) and in the
medullary cavity of the navicular bone (six of 10 horse).25

Mepivacaine diffused from the distal interphalangeal joint
into the navicular bursa and vice versa in 25 of 25 joints
evaluated.25 Ten minutes following distal interphalangeal
joint anesthesia lameness induced by tightening a set screw
on the sole was resolved.17

Dorsal approach This injection is best made with the horse
fully weight bearing using a 20–18 gauge, 11⁄2 inch (0.9–1.2
× 40 mm) needle. The needle is inserted 1.5–2 cm proximal
to the coronary band and a similar distance lateral or medial
to the extensor process of the distal phalanx and directed
toward the extensor process.16 A skin bleb may be made at
this site to facilitate needle placement. Alternatively, the
needle may be directed perpendicular to the dorsal cortex of
the second phalanx and ‘walked’ distally until the joint is
entered. The needle usually penetrates the skin approxi-
mately 1 inch (25 mm) before entering the joint. Four to
6 mL of anesthetic is injected.

Hemorrhage often occurs from the coronary corium 
when the needle is withdrawn. Counterpressure and a light
bandage will control any bleeding and help protect the region
from contamination until the needle puncture seals.
Lateral approaches Two dorsolateral approaches have
been described with the needle inserted either cranial26 or
proximal23 to the collateral cartilage. The most cranial extent
of the collateral cartilages is palpated and the needle is
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Median nerve

Ulnar nerve

Medial cutaneous antebrachial
nerve

Medial palmar nerve

Communicating branch

Lateral palmar metacarpal nerve

Medial palmar metacarpal nerve

Medial palmar digital nerve

Dorsal branch

Lateral palmar nerve

Caudal view                                         Medial view

Medial plantar nerve

Lateral plantar nerve

Lateral dorsal metatarsal nerve

Lateral plantar metatarsal nerve

Medial dorsal metatarsal nerve

Medial plantar metatarsal nerve

Dorsal branch

Medial plantar digital nerve

Lateral plantar digital nerve

Lateral view                                       Medial view

Tibial nerve

Common peroneal nerve

Superficial peroneal nerve

Deep peroneal nerve

Fig. 14.6
Peripheral nerve distribution of the rear limb. Modified from
Schmotzer & Timm,16 with permission.

Fig. 14.5
Peripheral nerve distribution of the forelimb. Modified from
Schmotzer & Timm,16 with permission.



inserted at that point approximately 1–1.5 cm proximal to the
coronary band with the horse fully weight bearing. The needle
is first inserted parallel to the bearing surface of the hoof, then
immediately angled 30° distally and 30° toward the midline.

Needle placement proximal to the collateral cartilage may
be performed with the horse non-weight bearing. The needle
is inserted just proximal to the collateral cartilage midway
between the dorsal and palmar aspect of the second phalanx
and is directed along the palmar surface of the second
phalanx by aiming at the center of the frog.23

Proximal interphalangeal joint

A dorsolateral or palmar approach may be used to enter the
proximal interphalangeal (PIP) joint. The dorsal approach is
made with the horse weight bearing. A large palmar pouch of
the PIP joint is readily entered with the limb non-weight
bearing and with the distal joints flexed.27

Dorsal approach The horse should be weight bearing for
this approach. A 20 gauge, 11⁄2 inch (0.9 × 40 mm) needle is
directed through the skin approximately 1–1.5 cm distal to
the distal eminence of the first phalanx and under the exten-
sor tendon. Orient the needle parallel with the dorsal joint
surface. Inject 4–5 mL of local anesthetic.16

Palmar approach The limb should be picked up and held
with the distal joints in moderate flexion. The palmar pouch
of the PIP joint is bounded by the palmar first phalanx, the
palmarodistal eminence of the first phalanx and the insertion
of the lateral branch of the superficial digital flexor tendon.
When the pastern is moderately flexed these structures form
a ‘V’ on the palmar first phalanx. Retract the palmar digital
neurovascular bundle that lies directly over the needle inser-
tion site in a palmar direction, using the operator’s thumb.
The needle is placed through the skin dorsal to the neuro-
vascular bundle within the region of the distal 25% of the
first phalanx and directed distally and toward the midline.
Joint fluid is commonly aspirated.27

Metacarpophalangeal/metatarsophalangeal
joint

The fetlock joint is commonly injected for diagnostic and thera-
peutic reasons. Three approaches may be used: dorsal,
palmar/plantar pouch and palmar/plantar approach through
the collateral sesamoidean ligament. The collateral sesamoid-
ean ligament approach is best used if arthrocentesis is an objec-
tive because synovial fluid free of blood contamination is more
readily obtained.28 Administration of local anesthesia is most
easily performed using the palmar/plantar pouch approach.
Palmar/plantar pouch The approach is made with the
horse weight bearing. The palmar/plantar pouch is bounded
by the third metacarpus/metatarsus dorsally, distally by the
apex of the sesamoid bone, and palmar/plantar by the 
suspensory ligament. A 20 gauge, 11⁄2 inch (0.9 × 40 mm)
needle is inserted through the skin in the center of this site
and directed distally and toward the midline. Synovial fluid
commonly will drip from the needle if effusion is present, but
aspiration with a syringe often results in plugging of the

needle with synovial tissue. Four to 6 mL of local anesthetic
is injected.16

Dorsal approach This approach should only be used if effu-
sion is present because of the possibility of abrading joint
cartilage with the needle. The horse should be weight
bearing. The needle is placed from the lateral side into the
proximal aspect of the dorsal joint capsule and directed
toward the midline and under the extensor tendon. Care
should be taken not to abrade the sagittal ridge.16

Collateral ligament approach The limb should be held up
with the fetlock joint flexed. This procedure is facilitated by
having an assistant hold the limb. The lateral palmar aspect
of the distal metacarpal/metatarsal condyle and the dorsal
surface of the proximal sesamoid bone are palpated. The col-
lateral sesamoidean ligament may be rarely palpated. The
neurovascular bundle over the abaxial surface of the
sesamoid bone does not interfere with this approach because
it is displaced palmar when the joint is flexed. The needle is
inserted in the palpable space between the third metacarpus/
metatarsus and the proximal sesamoid bone. Entry into the
joint is easily determined because the needle may be inserted
up to its hub.28

Carpal joints

The radiocarpal joint is always separate from the middle
carpal and carpometacarpal joints, which always communi-
cate.29 Complete intra-articular anesthesia of the carpus
necessitates injecting local anesthetic into the radiocarpal
and middle carpal joints. The joints are traditionally injected
with the limb flexed, but may also be injected with the horse
weight bearing on the limb.
Dorsal approach The limb is flexed and the joint spaces of
the middle and radial carpal joints are easily palpated medial
or lateral to the extensor carpi radialis tendon.16 A 20 gauge,
1–11⁄2 inch (0.9 × 25–40 mm) needle is most often inserted
medial to the extensor carpi radialis tendon. If the needle is
inserted lateral to the extensor carpi radialis tendon care
must be taken to avoid the common digital extensor tendon
and its sheath. The most common difficulty encountered
when inserting the needle is penetrating into articular carti-
lage. To avoid this, visualize the plane of the carpal articular
surfaces distal to the intended needle insertion site. Direct the
needle parallel to the joint surfaces on insertion. Inject 10 mL
of local anesthetic per joint.
Caudolateral approach The carpal joints may also be
injected with the horse weight bearing on the limb. By induc-
ing slight carpal flexion, the joint spaces may be identified by
palpation of the lateral aspect of the carpus. The radiocarpal
joint is approached immediately cranial to the accessory
carpal bone at roughly 50% of its proximal–distal length. The
middle carpal joint is approached immediately cranial to the
distal aspect of the accessory carpal bone.30

Cubital (elbow) joint

The cubital joint is injected on the lateral aspect of the limb
just cranial to the lateral collateral ligament.31 The joint
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space may be palpated in most horses by identifying the
humeral condyle and tracing its margin. The procedure may
be done with the horse standing or by having an assistant
elevate the forelimb slightly to open the joint space dorsally.31

An 18–20 gauge, 11⁄2 inch (0.9–1.2 × 40 mm) needle is
inserted perpendicular to the limb and 15–20 mL of local
anesthetic is injected. An alternative approach is to insert the
needle on the cranial aspect of the olecranon at a point
approximately 3 cm distal to its most proximal extent. The
needle is directed distally and axially.3

Scapulohumeral (shoulder) joint

Craniolateral approach This is the most common
approach used to inject the scapulohumeral joint. Identify
the cranial and caudal parts of the greater tubercle on the
craniolateral aspect (point) of the shoulder. An intradermal
bleb of anesthetic will facilitate insertion of the spinal needle.
An 18 gauge, 31⁄2 inch (1.2 × 90 mm) spinal needle with a
stylet is inserted in the notch between the cranial and caudal
parts of the greater tubercle and directed slightly distally and
toward the opposite tarsus (roughly a 30–40° angle to the
long axis of the horse). The needle is inserted 2–3 inches
(50–75 mm) to reach the joint. Synovial fluid is rarely aspi-
rated to confirm the needle is within the joint. Injection of
10–20 mL of anesthetic with minimal resistance initially, fol-
lowed by increased resistance as the joint fills, confirms that
the needle is correctly positioned.31 Excessive diffusion of
local anesthetic into the surrounding tissues may cause tem-
porary anesthesia of the suprascapular nerve. While this
nerve is desensitized, the horse will lack use of the infra-
spinatus and supraspinatus muscles, which results in abaxial
displacement of the shoulder during weight bearing. This
may be avoided by injecting the minimum volume of anes-
thetic necessary to effect joint desensitization and by mini-
mizing multiple needle punctures of the joint capsule.3,31

Lateral approach A skin bleb of anesthetic may be placed
immediately caudal to the infraspinatus tendon at the level of
the proximal humerus. The needle is inserted immediately
caudal to the infraspinatus tendon, roughly perpendicular to
the long axis of the horse and directed slightly distally. The
needle is inserted 1.5–2 inches (40–50 mm) to enter the
joint. Synovial fluid is more commonly obtained with this
approach.3

Bicipital bursa The bicipital bursa lies between the bicipital
tendon and the dorsoproximal aspect of the humerus. The
bursa is injected using an 18 gauge, 11⁄2 inch (1.2 × 40 mm)
needle entering perpendicular to the skin at a point prox-
imal to the deltoid tuberosity and distal to the proximal
humeral tuberosity.31 Ten to 15 mL of local anesthetic is
injected.

Tarsal joints

It is commonly accepted that the tarsocrural (tibiotarsal) and
proximal intertarsal (PIT) joints always communicate.
Communication between the distal intertarsal (DIT) and
tarsometatarsal (TMT) joints is reported to occur 8–38% of

the time.20,32,33 For accurate diagnosis or complete treatment
of the distal tarsal joints, separate injections must be made in
the DIT and TMT joints.

Use of 22 gauge (0.7 mm) needles with metal hubs facili-
tates injections of the distal tarsal joints, particularly when
medications are being administered. The small needle size
makes placement within the joint easier and the syringe is
more securely seated in a metal than a plastic hub needle. The
more secure syringe attachment decreases the inadvertent
leakage of costly medications.
Tarsocrural (tibiotarsal) and proximal intertarsal joints
These joints are approached on the dorsomedial aspect of the
proximal tarsus. An 18–20 gauge, 11⁄2 inch (0.9–1.2 ×
40 mm) needle is inserted either lateral or medial to the
medial saphenous vein at a point 1–3 cm distal to the 
medial malleolus.16 Eight to 10 mL of local anesthetic is
injected. If joint effusion is present, the needle may be
inserted in the plantarolateral pouch of the tarsocrural 
joint.
Tarsometatarsal joint The TMT joint may be injected 
from a plantarolateral or medial approach. The plantaro-
lateral approach is the easiest method because the land-
marks are readily palpated and the needle can usually be
inserted securely into the joint. The site for plantaro-
lateral injection is directly proximal to the head of the lateral
splint bone (metatarsal IV). The plantar edge of the splint 
and the indentation at its head is identified. A 22–20 gauge,
1 inch (0.7–0.9 × 25 mm) needle is directed toward the
opposite forelimb and distally at approximately 10–15°.32

When correctly placed, the needle is inserted nearly to 
its hub and 3–4 mL of local anesthetic is injected.

No landmarks are palpable when injecting the TMT from
the medial approach. The needle is inserted perpendicular to
the medial surface of the tarsus approximately 1 cm distal to
the DIT joint (see below). A 22 gauge (0.7 mm) needle should
be used and the joint is found by probing with the needle until
it enters the joint.
Distal intertarsal joint The DIT joint is injected by placing
a 22 gauge, 1 inch (0.7 × 25 mm) needle in a small space
between the fused first and second tarsal bones, and the third
and central tarsal bones. The space is immediately distal to
the cunean tendon on the medial aspect of the tarsus. Firm
digital pressure is necessary to identify the space. The needle
is inserted perpendicular to the medial tarsal surface and
some probing is often necessary to fall into the joint space.33

If the needle does not enter the joint easily, inject 1–2 mL of
local anesthetic subcutaneously. This will make repeated
needle insertions more comfortable for the horse. Probing for
the joint space often causes a burr to form on the needle tip,
necessitating changing of the needle. Formation of a burr
will be obvious because of the increased friction and rough
feel of the needle during continued probing. Inject 3–4 mL of
local anesthetic.

Stifle joints

The stifle includes three large-volume joints: the femoro-
patellar, lateral femorotibial and medial femorotibial. The
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femoropatellar and medial femorotibial joints communicate
in 60–80% of horses.34,35 The lateral and medial femorotibial
joints do not communicate under normal circumstances.34

Each joint should be separately injected to ensure complete
analgesia of the stifle.35

Femoropatellar joint Insert an 18 gauge, 31⁄2 inch (1.2 ×
90 mm) spinal needle at the cranial aspect of the stifle
between the middle and medial or middle and lateral patellar
ligaments at a point approximately 2 cm proximal to 
the tibial crest with the limb fully weight bearing. Direct 
the needle slightly proximal to a depth of approximately 
2–3 inches (50–75 mm). Synovial fluid is rarely aspirated
using this approach, but entry into the joint is assumed when
there is minimal resistance during injection of 30–50 mL of
local anesthetic.

An alternative approach may be used to enter the lateral
proximal pouch of the femoropatellar joint. With the limb
fully weight bearing, an 18 gauge, 11⁄2 inch (1.2 × 40 mm)
needle is placed immediately caudal to the proximal aspect of
the lateral trochlear ridge and the lateral patellar ligament.
The needle is directed lateral to medial and somewhat distal.
The insertion point is approximately 5 cm proximal to the
lateral tibial condyle. This approach avoids abrasion of artic-
ular cartilage with the needle and facilitates aspiration of
synovial fluid.36

Lateral and medial femorotibial joints For needle place-
ment in the lateral femorotibial joint have the limb fully
weight bearing and identify the space between the proximal
tibia and the distal trochlear ridge of the femur between the
lateral patellar ligament and the lateral collateral ligament.
The space is a small triangle of soft tissue that you may indent
on digital palpation. An 18–20 gauge, 11⁄2 inch (0.9–1.2 ×
40 mm) needle is inserted perpendicular to the skin and may
be placed nearly to its hub.31 Inject 15–20 mL of local anes-
thetic. The approach is similar for the medial femorotibial joint
with the needle being placed between the medial patellar and
medial collateral ligaments.

Coxofemoral joint

Accurately injecting local anesthetic into the coxofemoral
joint is not easily accomplished. The landmarks may be
difficult to palpate in heavily muscled horses and the joint is
very distant to the insertion point of the needle.

The horse should be standing squarely in stocks and a bleb
of local anesthetic in the skin should be placed at the needle
insertion point. The paired eminences of the major trochanter
of the femur lie on a line approximately two-thirds of the dis-
tance from the tuber coxae to the tuber ischium. The proximal
aspect of the cranial part of the greater trochanter lies approx-
imately 5 cm distal to the proximal extent of the caudal part.
A 16 gauge, 5–8 inch (1.5 mm × 15–20 cm) needle is inserted
immediately proximal to the cranial part of the greater
trochanter. The needle is directed in nearly a horizontal plane,
slightly cranial and distal, toward the coxofemoral joint. The
joint capsule is thick and may require vigorous pressure on the
needle to penetrate. A volume of 20–40 mL of local anes-
thetic is injected.31

Imaging

When the lameness has been localized with manipulations
and/or diagnostic local anesthesia, the region should have
appropriate images obtained to allow a diagnosis of the lame-
ness. Most often, this would involve radiography or ultra-
sonography but occasionally nuclear scintigraphy, computed
tomography, magnetic resonance imaging or thermography
may be used.
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The common denominator of all these conditions is that they
are characterized by pain that can be localized to the hoof.

Anatomy

● The hoof capsule is comprised of tubular and intertubular
keratin arranged as a laminated composite material.

● Ninety per cent of the energy input is dissipated by the
hoof capsule and its associated structures.

● The lamellae of the inner layer of the hoof capsule pro-
vide a large surface area (13.75 sq ft; 1.28 sq meters) to
suspend the coffin bone.

The hoof capsule is an amazing design that not only provides
strength but also supports the horse’s skeletal column.
Keratin is the main structural protein of the epidermis in the
animal kingdom and is present in skin, hair, nail, claw, wool,
horn, feather, and scale, as well as hoof. The keratins can be
loosely grouped into the ‘soft’ keratins of skin and the ‘hard’
keratins of horn, hair, etc. In the horse, the tubular hoof of
the wall is composed of hard keratin and is rich in disulfide
bonds, and so has great physical strength. The frog and the
white zone are rich in sulfhydryl groups but poor in disulfide
bonds, and therefore have lower physical strength but greater
elasticity. The strength, hardness, and insolubility of keratin
are due to disulfide bonds between and within the molecules.
The sulfur-containing amino acids methionine and cysteine
are incorporated into the keratinocytes in the final stages of
its maturation and hence these amino acids (or their sulfur-
containing precursors) are a necessary part of the diet.

New hoof is made continuously because there is continual
loss of hoof wall from the ground surface. Continual regen-
eration of the hoof wall occurs at the coronary band where
germinal cells (epidermal basal cells) produce populations of
daughter cells (keratinocytes or keratin-producing cells),
which mature and keratinize, continually adding to the hoof
wall. It takes these cells anywhere from 6 to 12 months to
reach the ground surface.

A thorough examination and assessment of the equine foot
forms an essential part of both the physical and lameness
evaluation. Because foot problems are the most common
cause of lameness in horses, the examiner must have an
accurate knowledge of foot anatomy and must be willing to
take a ‘hands-on’ approach to fully identify any problems the
horse might be experiencing.

There are numerous causes of pain in the foot of the horse.
These can be divided arbitrarily into: (1) conditions of the hoof
wall and horn-producing tissues; (2) conditions of the distal
phalanx; and (3) conditions of the podotrochlear region:

1. Hoof problems include: hoof-wall defects, such as cracks
that involve the sensitive tissue; laminitis (systemic);
laminar tearing (local, due to hoof imbalance); separation
or inflammation of the sensitive laminae from the insen-
sitive laminae; abscess formation; contusions of the hoof
causing bruising or corn formation; neoplasia; and podo-
dermatitis (thrush or canker). 

2. Distal phalanx problems include: fractures of the coffin
bone (types I–VII), deep digital flexor insertional teno-
pathy, pedal osteitis (generalized or localized inflammation
of the bone), disruption of the insertions of the collateral
ligaments, cyst-like lesion formation, and remodeling
disease. 

3. Conditions of the podotrochlear region have been reported
to include: distal interphalangeal synovitis/capsulitis,
deep digital flexor tendonitis, desmitis of the impar (distal
navicular ligament) or collateral sesamoidean ligaments,
navicular osteitis or osteopathy, and vascular disease of
the navicular arteries, and navicular fractures.
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Two types of horn are produced from the coronary band.
Tubular horn arises from cells surrounding papillae (finger-
like projections from the coronary band) and become
organized into thin, elongated, cylinders or tubules. In cross-
section the keratinocytes of individual hoof wall tubules are
arranged around a central hollow medulla in nonpigmented
concentric layers. Each hair-like tubule is continuous, from its
origin at the coronary band all the way to the ground surface (a
distance of 5–15 cm, depending on the breed). The ker-
atinocytes generated between the papillae mature into inter-
tubular hoof, thus forming a keratin matrix in which tubules
are embedded. The intertubular horn is formed at right angles
to the tubular horn and bestows on the hoof wall the unique
property of a mechanically stable, multidirectional, fiber-rein-
forced composite. Interestingly, hoof wall is stiffer and stronger
at right angles to the direction of the tubules, a finding that is at
odds with the usual assumption that the ground reaction force
is transmitted proximally up the hoof wall parallel to the
tubules. The hoof wall appears to be reinforced by the tubules
but it is the intertubular material that accounts for most of its
mechanical strength stiffness and fracture toughness. The
tubules are three times more likely to fracture than intertubular
horn. Thus hoof wall is considered to have an anatomical
design that confers strength in all directions. During normal
locomotion the hoof wall only experiences one-tenth of the
compressive force required to cause its structural failure.

The fully keratinized cells of the tubular and intertubular
hoof, cemented firmly to each other, form a continuum; the
tough yet flexible stratum medium of the hoof wall. When
mature, these cells, which are firmly cemented together, form a
tough protective barrier preventing the passage of water and
water-soluble substances inwards and the loss of body fluids,
imparted by the highly vascular dermis, outwards. In addition
to acting as a permeability barrier, the hoof wall ultimately is
responsible for supporting the entire weight of the horse.

The tubules of the equine hoof wall are not arranged
randomly. The tubules of the hoof wall are arranged in four
distinct zones based on the density of tubules in the inter-
tubular horn. The zone of highest tubule density is the
outermost layer and the density declines stepwise towards the
internal lamellar layer. As the force of impact with the
ground (the ground reaction force) is transmitted proximally
up the wall, the tubule density gradient across the wall
appears to be a mechanism for smooth energy transfer, from
the rigid (high tubule density) outer wall to the more plastic
(low tubule density) inner wall, and ultimately to the coffin
bone (third phalanx). The gradient in tubule density mirrors
the gradient in water content across the hoof wall and
together these factors represent an optimum design for
equine hoof-wall durability. The zones confer on the hoof wall
the design properties of a laminated composite; the interface
between zones absorbs energy and prevents the propagation
of cracks towards sensitive inner structures. In addition, the
fact that the hoof wall is stronger in one direction ensures
that cracks, when they occur, propagate from the bearing
surface upwards and parallel with the tubules (that is, they
propagate along the weakest plane). They do not extend to
the innermost layers of the hoof wall because in this region

the relatively high water content confers high crack resis-
tance (the hoof wall is more pliable). The hoof wall also has a
powerful dampening function on vibrations generated when
the hoof wall makes contact with the ground during locomo-
tion. It is able to reduce both the frequency and maximal
amplitude of the vibrations. In fact, by the time the shock-
wave of impact with the ground reaches the coffin bone,
around 90% of the energy has been dissipated.

The corium is the region of the foot that nourishes the
hoof-wall cells. There are several distinct zones, the coronary
corium, lamellar corium, solar corium, and frog corium. The
coronary corium fills the coronary groove and blends dis-
tally with the lamellar corium. Its inner surface is attached
to the extensor tendon and the cartilages of the coffin bone
by the subcutaneous tissue of the coronary cushion.
Collectively the coronary corium and the germinal epider-
mal cells that produce the hoof wall are known as the coro-
nary band. A feature of the coronary corium is the large
numbers of hair-like papillae projecting from its surface.
Each tapering papilla fits into one of the holes on the surface
of the epidermal coronary groove and in life, is responsible
for nurturing an individual hoof wall tubule.

The innermost layer of the hoof wall and bars is named the
stratum lamellatum after the 550–600 primary epidermal
lamellae that project from its surface in parallel rows. Exam-
ination of the hoof capsule, with its contents removed, shows
that the lamellae of the dorsal hoof wall are shaped like long,
thin, rectangles approximately 7 mm wide and 50 mm long.
One edge of the rectangle is incorporated into the tough, heavily
keratinized hoof wall proper and the opposite end faces the
outer surface of the coffin bone. The proximal end is curved and
forms the curved shoulder of the coronary groove. The distal
end merges with the sole and becomes part of the white zone
visible at the ground surface of the hoof (white line).

In common with all epidermal structures, the lamellae of
the inner hoof wall are avascular and depend on capillaries in
the microcirculation of the adjacent corium for nutrition.
The lamellar corium covers the coffin bone. The primary
function of the lamellar hoof is to suspend the coffin bone
within the hoof capsule. It reserves its proliferative potential
for the healing of injuries.

Because the role of the lamellae is suspension of the distal
phalanx, an anatomical specialization increasing the surface
area for the attachment of the multitude of collagenous fibers
arising from the outer surface of the coffin bone would be ex-
pected. The secondary epidermal lamellae are just such a
specialization. These folds form an extra 150–200 secondary
lamellae along the length of each of the 550–600 primary
lamellae.

The tips of the lamellae (both primary and secondary) all ori-
entate towards the distal phalanx, thus indicating the lines of
tension to which the lamellar suspensory apparatus is sub-
jected. The surface area of the equine inner hoof wall has been
calculated to average 13.75 square feet (1.28 square meters).
This means that the lamellae (contained inside the hoof cap-
sule) have a surface area roughly equal to two-thirds the size of
a standard door. This large surface area for suspension of the
coffin bone and the great compliance of the interdigitating
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lamellar architecture helps reduce stress and ensures even
energy transfer during peak loading of the equine foot. In life,
this hoof wall/coffin bone interface is amazingly strong and can
be separated only under the direst circumstances.

Examination of the distal
limb

Six steps should be taken in the evaluation of foot pain:

1. history
2. subjective evaluation of the hoof
3. objective assessment of hoof balance
4. assessment of pain
5. the response to diagnostic analgesia
6. imaging of the foot.

History

Any examination begins by obtaining a history.1 More infor-
mation than age, breed, and sex is necessary. Obviously, the
questions that should be answered would apply to any lame-
ness examination, but some will have greater significance
when dealing with foot problems.

The examiner must know what the presenting problem is
and how long it has been apparent. It is an excellent idea to
ask what the owner/trainer suspects is wrong. The examiner
then can address these concerns while ascertaining the
problem. The history-taker then needs to ask about the pat-
tern of lameness (intermittent or constant) and, if the lame-
ness is intermittent, under what conditions it is likely be seen,
i.e. at the beginning of exercise or after hard work.

An appreciation of the breed and the use of the horse will
also provide information relative to the incidence of certain foot
problems. Thoroughbred and Quarter Horse racehorses have a
relatively high incidence of foot bruising, pedal osteitis, distal
phalanx fractures, heel bulb damage from overreaching,
quarter cracks, nail problems, underrun and sheared heels.
Standardbred racehorses have similar foot problems but also
have a much higher incidence of quarter cracks. Racing com-
bines extraordinary speed with surfaces that are more con-
ducive to speed than to cushion, thus creating tremendous force
on the hoof. Quarter Horses, Thoroughbreds, Standardbreds
and the Warmblood breeds have the highest incidence of navi-
cular problems, whereas Arabians and ponies have the least
issue with the navicular bone. Horses that participate in agility
sports such as roping, cutting, reining, barrel racing, and polo
have frequent problems with pulled shoes and associated hoof
wall loss. Distal phalangeal fractures occur but with less fre-
quency than in racing. Palmar foot pain syndrome is a frequent
diagnosis in this group as well. Horses used over fences, such as
showjumpers and eventers, suffer frequently from foot bruising,
pulled shoes and hoof-wall loss, quarter cracks, and palmar 
foot pain syndrome. Gaited horses such as Morgans, American
Saddlebreds, Tennessee Walking Horses, Arabians, and Hack-

neys (horses and ponies) are often purposely shod with longer
hooves, heavier shoes and pads, which alters the biomechanics
of the hoof capsule for animation and frequently results in prob-
lems with hoof-wall breakage, hoof cracks, and thrush. Sand
cracks (coronary quarter cracks) occur more often in Saddle-
breds and Tennessee Walking Horses than any other breed.

Laminitis is seen frequently in older horses of all breeds,
Morgans, ponies of all breeds, and heavily campaigned over-
weight show horses. Horses that are turned out to pasture for
extended periods of time frequently show hoof-wall loss,
superficial hoof cracks, and subsolar infections. The larger
draft breeds (Clydesdales, Percherons, Belgians) that work in
harness often injure the coronet and associated tissues by
stepping on their feet. There is reportedly a high incidence of
canker in these draft breeds.

It is helpful to determine when the horse was last shod or
trimmed; to evaluate the shoeing you must know when it was
performed. Often, a normal healthy hoof will grow over the
shoe when it is due for a reset. The hoof also does not neces-
sarily grow uniform, so the way the horse was shod by the
farrier might not be what you see as an examiner weeks later.
Foot problems that arise within a few days of shoeing can
indicate sole pressure, a poorly placed or overclinched nail(s),
or excessive trimming. Find out whether the farrier encoun-
tered any recent problems or has had to deal with ongoing
shoeing problems. This might include horses that are difficult
to shoe because of behavioral problems, thin walls, continual
evidence of bruising, or thrush.

It is important to ascertain the environment in which the
horse lives, trains, and competes. The environment plays a
major role in the quality of the horn of the hoof and, as such,
serves as the catalyst of many foot problems. The time of year
and the surface can dramatically change the feet as well as
the shoes. For instance, a horse training on a stone dust track
will show very rapid wear of the shoes, the groove or fullering
might be completely gone in less than 2 weeks; whereas, the
shoes of a horse training on a deep, soft sand track might
show very little evidence of wear in as many as 6 to 8 weeks.
Foot bruising, pedal osteitis, and distal phalanx fractures are
much more likely on hard ‘fast’ surfaces than on grass or
deeper surfaces. Horses that are subjected to wet grass in the
morning and hot, dry conditions later in the day often
develop weak hoof walls and lose shoes easily. Adverse envi-
ronmental factors can negatively influence the outcome of
some foot problems. When horses move from one environ-
ment to another the feet often become a problem. This has
been a particular problem of horses moving in the USA from
the Midwest (soft, moist surfaces) to the Rocky Mountain
region (hard, dry surfaces). The horse’s foot is simply too slow
to adapt to a change in stress. We have occasionally seen the
same problem in horses coming from Europe. The hoof
appears to need acclimatizing to the new environment.

Look at the current type of shoe being used, as well as the
type of shoe used in the past. Is it steel or aluminum? The
answer might be as simple as the horse appears to perform
best with one particular type of shoe and poorly with
another. However, the farrier might also have recognized a
problem and begun to make adjustments. On the other hand,
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the shoe could simply be a trainer’s preference without a good
reason for using it. Enquire why any special shoe or addition
to a shoe (calk, grabs, extensions, or bars) was used. Bar
shoes, for example, are often useful in treating various foot
problems but can be essentially useless for some horses trying
to race, in other instances, bar shoes might be a fad (e.g. all
the dressage horses in a barn wearing egg-bar shoes). Is the
bar shoe fitted appropriately? First and foremost it must be
remembered that a shoe has no magical properties and how
the shoe is applied is more important than the type of shoe,
i.e. ‘the application is more important than the appliance’.
Some horses simply do not get sufficient traction on some
surfaces or travel as well in certain types of shoes. Prior
knowledge of a shoeing history as it affects an individual
horse is useful information. It should suggest to the examiner
that an alternative should be sought or that an individual
horse should be trained at speed to see if he or she can
‘handle’ the surface with the type of shoe that is employed.

Information regarding previous foot problems must be
obtained. The horse might have experienced a foot abscess 3
or 4 weeks earlier, or ‘foundered’ 1–2 years earlier, all of
which would suggest to the examiner that the same problem
might have resurfaced. Obtaining reasonable detail on the
previous treatments is essential when examining an ongoing
problem for the first time. This will help to prevent the use of
a similar but previously unsuccessful treatment.

Subjective evaluation of the hoof

Like any physical examination, this involves more than
simply measuring a few parameters and determining where
on the scale of normality they fall; it should be a systematic
evaluation of the hoof capsule and the structures within that
tell the examiner about the general health of the hoof, the
stresses that have been placed on it and how the hoof has
responded to these stresses. The hoof is a dynamic structure
that grows continuously and therefore has the ability to
deform continuously to stresses that are applied to it.

The examination begins simply by looking at the hoof,
preferably from sufficient distance to compare all four feet at
once.1 The size, shape, toe length, heel length, hoof pastern
axis, and position of each foot relative to each limb and to
each other are assessed. This is the best time to evaluate the
horse’s ‘balance’, i.e. the differences in each of the horse’s
legs and how the horse stands on the hoof.2 One could con-
sider this a conformational analysis but in fact the examiner
is simply evaluating the position of the hoof on the end of the
limb. This analysis must be evaluated from three directions:
the front (dorsal), the side (lateral), and the back (palmar/
plantar).3 From the front, the hoof needs to be assessed for
symmetry and alignment. Is the hoof centered under the
cannon bone or is it offset? If the hoof is offset then the
stresses on the hoof will change. Does the hoof rotate on 
the leg (toe-in or toe-out)? If it does rotate, what is the origin
of the rotation, knee, fetlock, pastern, or hoof? This will
determine where the torque is occurring in the hoof. Does the
ground surface of the hoof appear symmetrical? If not, this

indicates stresses on the hoof. Most commonly, one sees the
medial hoof wall more upright. Is the coronary band straight
and parallel to the ground surface? If not, this indicates a
stress on the wall below the coronet.

The next factor to observe is the hoof alignment. This is
viewed form the dorsal and lateral aspect.2 The average horse
(60%) will have a hoof angle between 50 and 55°. The align-
ment of the pastern and dorsal hoof wall is referred to as the
hoof axis. Ideally, when the horse is standing square; the
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Fig. 15.2
Bilateral 
club-footed
confirmation due
to flexural
contracture of the
deep digital 
flexor tendon.

Fig. 15.1
Underrun heels. Note how the bearing surface of the hoof
and the caudal extent of the shoe is well cranial of the
optimal position. Less heel stress would occur in this foot if
the hoof were trimmed to bring the bars caudally and the
shoe was set with its caudal aspect in line with the bulbs of
the heel.



cannon bone, pastern, and hoof should line up straight as seen
from the front. From the side, the pastern and hoof should be
straight with the angle created by the dorsal hoof wall the same
angle as the pastern and the angle of the heels within 5° of the
angle of the toe.4 Horses that have a low hoof angle compared
to the pastern have a broken-back hoof axis (Fig. 15.1). This
hoof conformation is also called ‘long toe and low heel’. On the
other hand, horses with a steep hoof angle and sloping pastern
have a broken-forward axis. This hoof conformation is also
called ‘club foot’ or ‘clubby’ (Fig. 15.2). Unfortunately, horses do
not normally stand with their cannon bones perpendicular to
the ground, so evaluation of hoof alignment must be done with
the horse standing comfortably.

The next area to evaluate is hoof shape and level. Generally,
the front hoof should be round or circular in shape, whereas the
rear hoof is more triangular or pear-shaped. Front and rear
hooves should be shaped like inverted cones. Both hooves
should be evaluated for differences in length and width. Hooves
of equal width and length tend to look circular but as hoof
capsule length increases the width of the hoof wall in the quar-
ters becomes more upright and the stresses on the hoof will
naturally be different. There are two aspects to hoof levelness.
First, is the ground-bearing surface flat? This determines how
evenly the hoof wall will bear weight. Second, is the ground-
bearing surface perpendicular to the upper limb? This deter-
mines how the leg is loaded during weight bearing. These 
factors are the basis for determining medial to lateral hoof
orientation.

The final observation is to evaluate the heel support. This
is done by evaluating the location of the ground-bearing
surface of the heels relative to the remaining hoof capsule,
relative to the pastern and relative to the fetlock and cannon
bone. Does the ground-bearing surface provide sufficient
support to the palmar (plantar) aspect of the digit? Are the
heels of the hoof centered under the cannon bone (from the
palmar/plantar aspect) or are they offset. This can be impor-
tant in determining how the horse loads the heels, whether
they are landing simultaneous or whether one heel might
strike before the other. These observations are helpful for
understanding how the hoof capsule has grown and
remodeled to adapt to the forces on it.

Watching the horse at a walk will enhance these previous
observations. Observing the foot in motion should determine
the manner the horse lands and breaks over, as well as the
path of the foot during the flight phase of the stride. Toe-first
landing or excessively heel-first landing indicates either
compensation for pain or dorsopalmar hoof imbalance.
Similarly, medial or excessively lateral heel-quarter-first
landing suggest either compensation for limb conformation
or pain leading to mediolateral hoof imbalance. The flight 
of the foot during the stride is correlated with rotational
deviation of the limb and imbalance of the foot. The horse
that wings-in or ‘dishes’ is either toed-out or breaking over
the inside toe. Conversely, the horse that paddles or wings-out
is either toed-in or breaking over the outside toe.

Once the above observations have been made the exam-
iner needs to make a closer evaluation of the hoof. This
evaluation needs to be performed first with the horse in

weight-bearing position and then with the foot in non-
weight-bearing position.

This begins by palpating the pastern to determine if there is
any obvious heat, pain, or swelling. More subtly, the examiner
needs to palpate the bones and tendinous structures. Generally,
the flexor tendons are not as wide as the pastern bones and
there is a finger’s-width difference medially and laterally. Follow
the tendons down the leg until they disappear at the heel bulb.

Next palpate the digital arteries, vein, and nerve. It is normal
to feel a digital pulse but not a bounding pulse, which is abnor-
mal and an indicator of foot inflammation. The strength of the
pulse can be compared to other limbs if one is in doubt. A sym-
metrical abnormal pulse indicates generalized inflammation,
whereas an asymmetric pulse indicates the inflammatory pro-
cess on the side of the stronger pulse. In addition, the skin
should to be carefully palpated for the presence of neurectomy
scars.

Palpation is then continued to the coronet (hairline/hoof
capsule junction). Normally one should appreciate a ‘spongy’
feel to this area and abnormalities such as swelling, discharge,
focal pain or heat, or absence of tissue (loss of sponginess or a
‘trough’) should be examined more closely. The examiner
should feel that the hairline forms a smooth edge with the hoof
capsule. Any area where the hoof capsule is prominent indi-
cates an area of stress. Prominent edges of the coronary band
indicate proximal movement of the hoof capsule (‘jamming’)
into the hairline. In many breeds, particularly in the gaited
breeds that carry longer lengths of hoof, this seems to be
normal. As the edge becomes more prominent the examiner
can be sure that the vertical distance from the hairline to the
extensor process of the third phalanx is increasing (measure-
ment that is made from a lateral radiograph).

From the coronet the examiner moves to the collateral
cartilages where they are palpated and manipulated. The
palmar and proximal edges should be easily defined. The
thickness, density, and pliability of the cartilages need to be
assessed. Palpation of this area will not only determine if
there is any pain but also can give an impression of the flexi-
bility of the hoof. For instance, a very stiff inflexible collateral
cartilage is associated with a narrow, upright hoof. On the
other hand, flimsy cartilages are commonly seen in the hoof
with collapsed heels and a narrow, convex frog.

The entire hoof wall must be examined for the presence of
cracks, fissures, bulges, growth abnormalities, focal heat,
wall loss, or breakage. A high percentage of quarter and heel
cracks begin as small, very fine fissures at the coronet. They
might extend less than 1 cm distally and are easily missed if
this area is not examined carefully. These small fissures are a
definite cause of foot pain and usually associated with deeper
injury to the coronet and/or lamina below.

The exit of all shoeing nails from the hoof capsule needs to be
evaluated. The higher the exit point the more likely the nail is
impinging on sensitive tissue. This is an excellent time to use the
hammer and gently percuss the hoof wall to determine if wall
defects, hollow sounds, or painful areas are present.

From this point it is natural to begin manipulating the foot
in the non-weight-bearing position.1 Begin by cleaning the
bottom of the hoof and lightly paring away any debris that
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obscures visualization of the frog, sulci of the frog, sole, and
white line if the horse is unshod. Once the foot is clean,
examine it in its entirety. The frog should be examined for size,
shape, and consistency, and to determine whether it is
securely attached to the underlying tissue and its sulci (col-
lateral and central). The examiner needs to determine how
much of the structure could actually bear weight and how
much represents loose tissue. The frog should be resilient and
rubbery, rather than hard and flaky, and the caudal two-
thirds should be nearly level with the ground surface of the
hoof wall. The frog should not be recessed deep into the sulci
of the foot and nor should the frog be convex at its apex. The
receded frog is often associated with upright narrow feet,
whereas the convex frog is associated with weak and under-
run heels. I have long thought that this conformation is asso-
ciated with a poorly constructed digital cushion and therefore
a poor hoof support mechanism but this has yet be proven.

The medial and lateral bars of the foot usually require
light paring with a hoof knife to appreciate problems such as
bar cracks. Do not pare the bars away totally as this weakens
the foot. The entire sole of the foot should be carefully
examined for fissures, punctures, consistency, discoloration
(bruising), and the degree of concavity. The shape of the sole
should be concave. A flat sole might signify either poor hoof
conformation (a weak hoof) or distal coffin bone displace-
ment. A convex (dropped) sole indicates a displaced coffin
bone (Fig. 15.3). The consistency (relative degree of stiffness)
of the sole is determined using digital pressure as well as hoof
testers. At this point it is necessary to evaluate the texture of
the sole. By grasping the quarters with your fingers, the
thumbs can be used to gently press on the sole. A sole that
moves under this pressure is thin and there is little space
between the coffin bone and the outside environment. On the

other hand, if the sole does not move then the examiner
knows there is at least some thickness and depth to the sole.
True sole depth can be determined via radiography.

The white line (the junction between the sole and inner
hoof capsule) is examined to determine its width and charac-
ter. The white line is usually wider at the toe and gradually
thins as it approaches the heels. It is best visualized following
either light paring with the hoof knife or light rasping of the
superficial portion of the sole margin. It is used as a landmark
by farriers to demarcate the insensitive hoof from the sensi-
tive hoof for the purpose of driving horseshoe nails. Every-
thing superficial to the white line is insensitive, everything
more central is considered sensitive. Widening of this area
represents stress and separation of the laminar hoof wall
from coronary hoof wall. The deeper the separation goes the
more severe the injury. This separation can be seen anywhere
on the solar surface and indicates a bending force on the wall
that is pulling the wall away from the coffin bone. Most fre-
quently this separation is seen at the toe and is referred to as
‘seedy toe’ because it looks like small seeds could fit between
the spaces created by the separation.

Examine the bulbs of the heels to determine their relative
position to one another. The strength of this tissue is assessed
manually by attempting to distract the two bulbs from one
another in a vertical direction. Digitally explore the heel bulbs
for the presence of swelling, heat, pain, or separation at the
coronet. The central sulcus of the frog needs to be examined
and probed to determine its depth. Normally this should be a
shallow depression of no more than a centimeter. If the
sulcus goes deeper it can be due to either very serious thrush
or loss of structural support in heel bulbs (the heel bulbs can
be distracted in opposite vertical directions).

Lightly support the limb at the metacarpus (metatarsus)
and allow the foot to drop naturally. Position your line of
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Fig. 15.3
Dropped sole due to distal phalanx displacement.The sole
should normally be concave.

Fig. 15.4
Solar surface of a foot prior to trimming. Lines have been
drawn across the widest portion of the foot and sagittally.
From this perspective the foot is in quite good balance.The
dorsal and palmar portions of the foot are nearly equal.The
half to the viewers right (lateral) is slightly larger than the half
to the left (medial).



vision so as to appreciate foot balance and levelness of the
walls (see above). Examine the entire ground surface of the
foot to determine the divisions of the hoof (toe, quarters, and
heels) and their proportions (Fig. 15.4). Imagine a line drawn
through the axial center of the limb, which transects the
ground surface of the foot, and then determine the relative
proportion of medial and lateral foot to this imaginary line.
For example, a given foot may demonstrate a unilateral
medial heel contraction in combination with a flared lateral
quarter and toe (diagonal imbalance).

Examine the foot systematically with hoof testers. Begin
with the bar, move to the heel, to the quarter, and then to the
toe and back toward the opposite heel. Space the sites where
the hoof testers are applied at approximately 2.5-cm (1 inch)
intervals. Be sure to apply hoof tester pressure at each exit
point of the shoeing nails. Next, place the testers in each of
the collateral sulci and across the hoof to the opposite hoof
wall (progressively move the hoof tester along the hoof wall
caudal to cranial to check for alterations in the pain
response), then place the testers in the central sulcus to the
hoof wall at the toe, and then across the heels. Finally, using
the hammer gently rap the structures on the bearing surface
of the sole and frog.

Repeat the palpation of the cartilages of the distal phalanx
and the coronet. Bringing the limb forward and flexing the toe
facilitate palpation in the region of the extensor process of the
distal phalanx region and the associated distal interphalangeal
joint. The thumbs can then be pressed over this area to feel for
joint distension, heat, or pain. The foot also should be rotated
(twisted) medial and lateral around the vertical axis of the
pastern. A normal range of motion allows for 10–15° of rota-
tion each way. Injury to the joint capsule or collateral liga-
ments, or chronic navicular pain, tends to reduce this
motion. Likewise, distal limb flexion should reveal 30–45° of
excursion. Again, injury to the joint capsule, collateral liga-
ments or chronic navicular pain tends to reduce this motion.

If the horse is shod, the exam should include the following
additions.1 First, determine the security of the shoe to the foot
by gently rapping the shoe at 2.5-cm (1-inch) intervals with
a shoeing hammer. Note the shoe type as well as the presence
or absence of additions such as toe grabs, block heels, trailers,
and so forth. Carefully determine if abnormal shoe wear
exists. Position the hoof testers to include the hoof wall at the
exit point of each nail. Record your findings because it is easy
to forget subtle discoveries that may ultimately determine
how the horse should be treated or shod. Remember that hoof
testers are essential but certainly not foolproof. The response
the examiner gets from hoof testers depends on many factors,
such as the hardness of the wall, depth of the hoof, thickness
of the hoof, and the stoicism of the horse.

Objective assessment of hoof balance

As part of the overall evaluation of the horse an objective
assessment of hoof balance is important. The horse’s 
weight is determined with a weight tape or scale and then 
11 measurements are made of each foot:4

● Seven measurements are made of the hoof length with a
tape measure: medial and lateral heel lengths, medial and
lateral quarter lengths, dorsomedial and dorsolateral toe
lengths, and sagittal toe length. These measurements are
recorded on a graph to illustrate the general shape of the
foot.

● The frog’s length and width are measured at their longest
and widest points.

● The hoof circumference immediately below the coronary
band is measured.

● The hoof angle (using a hoof gauge) is also measured.

From these measurements, two additional measurements
can be calculated: the frog ratio (frog width divided by length)
and the body size to hoof area (horse’s weight (pounds) ×
12.56/square of the hoof wall circumference (inches)).

A dorsopalmar (plantar; D65PDO) and a lateromedial
radiograph of the hoof can also be used to determine valu-
able information about hoof balance. The horse must be
standing with the metacarpus (tarsus) perpendicular to the
ground, which can most easily be determined by either the
use of a level placed against the cannon bone or the use of a
weighted string to align the leg. The radiographic beam
should be horizontal and centered on the hoof. Resting the
horse’s foot on a block to raise the hoof off the ground facili-
tates these exposures (the opposite limb should be similarly
elevated). A wire or radiopaque paste placed sagittally
(midline) along the toe from the coronary band to the
ground, a thumb tack in the apex of the frog and thumb tacks
in the most caudal point of the ground contact of each heel
emphasize these areas on the radiographs, making their
identification much easier.

After plotting the hoof wall lengths on a graph, one should
have a curve that reflects the shape of the hoof. For a hoof of
average hoof angle (48–55°), flattening of the plotted curve
indicates that the heels are underrun. A flat curve would also
be expected for very upright hooves (≥ 60°). Generally speak-
ing, the three measurements at the toe should be equal. The
measurements at the quarter are usually 1–2 cm shorter
than the toe (for the average hoof). The heel length should
generally be about one-third of the toe length.

Another factor to evaluate is the size (weight) of the horse
versus its foot size. Guidelines have been made relative to 
toe hoof length. The average toe length is a function of
the horse’s weight. The average pleasure horse weigh-
ing 360–400 kg (800–900 pounds) should have 7.6 cm 
(3 inches) of hoof length at the toe. A horse weighing
430–480 kg (950–1050 pounds) should have 8.25 cm
(3.25 inches) of hoof length, and horses weighing 520–
570 kg (1150–1250 pounds) should have 8.9 cm (3.5 inches)
in length. Another rule of thumb that has been suggested is
to add or subtract 3.3 mm (1⁄8 inch) of length for every 90 kg
(200 pounds) using a 470 kg (1000-pound) horse carrying
8.25 cm (3.25 inches) of length. Obviously these are guide-
lines only. A measure that has been an excellent aid to 
assessment is comparing the horse’s weight to the coronary
band circumference using the formula of the horse’s 
weight × 12.56 and divided by the square of the coronary
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circumference to determine the weight to hoof size ratio. A
ratio of 5.5 kg/cm2 (78 lb/in2) is seen in 99.5% of horses;
horses weighing more are too heavy for their hoof size. The
measurements of the frog length and width are used to deter-
mine if the hoof is contracted. Normally the frog width should
be two-thirds its length. Furthermore, ideally the frog length
would be two-thirds of the solar length (heel bulbs to toe).

Examination of the lateral and dorsopalmar (plantar)
radiographs provides excellent pictorial evidence of imbal-
ance. The lateral radiograph should be evaluated for P2 and
P3 alignment, which may reveal the presence of a broken-
hoof axis. In addition, the alignment between P3 and the
hoof wall should be assessed. If the hoof wall and dorsal
surface of P3 are not parallel the functional hoof angle can
be determined by measuring the angle of the dorsal surface of
P3 with the ground. Usually the slope of the heels can be seen
on the radiograph and can also be used to determine whether
the heels are underrun.

The D65P–PDO radiographic projection should be
assessed for joint alignment, medial and lateral hoof wall
lengths, and foot symmetry. Joint alignment is determined by
examining the symmetry of the joint space. Misalignment is
present if one side of the joint is narrower. This phenomenon
can also be caused by poor positioning of the limb, in which
case all three of the lower leg joints (fetlock, pastern, and
coffin) will be affected. The hoof wall length can be measured
directly from the film. The symmetry of weight bearing can
be predicted in a similar manner.

Assessment of pain

The next step in developing a logical approach to the evalua-
tion of the hoof is an accurate assessment of pain and careful
evaluation of hoof structure that may predispose to or cause
the pain.5 First, examine the horse in motion; watch the foot
strike for each foot. Determine if the foot lands flat, heel or toe
first, medial or lateral quarter first. The landing position of
the individual foot relative to the vertical axis of the respec-
tive limb should be noted. Evaluate the path the individual
foot takes from foot breakover to strike. The character of
motion may be a clue as to where on the foot or the limb the
problem exists. Always include this examination at the walk
because it is the one gait that is sufficiently slow to permit the
determination of fine movement error. Repeat the same
process when reviewing the horse from the left and right side.
The horse is then trotted (or paced) and visualized in the
same manner. Circling the horse will often exacerbate foot
problems.

Four diagnostic tests should be performed: hoof tester
examination, distal limb flexion, hoof extension wedge test,
and palmar hoof wedge test.5 A positive response to any of
these tests is important but a negative response is equivocal
and does not rule out any problem. Hoof tester examination
should be performed as previously described. A positive
response should be repeatable, and in the distal sesamoid
region the pain response should be uniform over those areas
and must be evaluated in relation to examination of the

remaining foot. That is, a positive response in the heels and
quarters of the sole would also be expected to cause a positive
response across the distal sesamoid region in the same area of
the foot. Percussion utilizing a small hammer can also
provide important information regarding pain in the hoof
wall or sole.

The distal limb flexion test can exacerbate lameness if any
of the three distal joints of the leg are affected by synovitis or
osteoarthritis. A positive response could also be expected by
any condition that causes induration of the tissues of the
foot. This has been shown to be positive in over 95% of horses
with foot pain.5

The hoof extension test is performed by elevating the toe
with a block, holding the opposite limb, and trotting the horse
away after 60 seconds. The palmar hoof wedge test is per-
formed by placing the block under the palmar two-thirds of
the frog and forcing the horse to stand on that foot. The test
can be further modified so that the wedge can be placed under
either heel to determine if the pressure there causes exacer-
bation of the lameness.

These tests simply allow the examiner to evaluate the
horse’s response to a particular stress. None has been shown
to be pathognomonic for any particular cause of lameness.

Diagnostic analgesia

Regional analgesia will provide the evidence to localize the
region of pain. The performance of regional analgesia needs
to be performed in a logical manner. Intra-articular injections
anesthetize joint regions; whereas regional analgesia desensi-
tizes skin segments.6 Intra-articular injection is more accu-
rate and does not interfere with regional analgesia. Regional
anesthesia desensitizes local nerves that innervate areas of
the limb. They provide indisputable evidence of the location
of lameness. The most important point is to have some idea of
what areas have been desensitized. See Chapter 14 for details
on local and intra-articular diagnostic anesthesia.

Imaging of the foot

After localization of the lameness to the foot imaging will be
necessary to determine what pathology is present. Radiographic
examination of the hoof requires a minimum of five radio-
graphic views of each foot.7 The views consist of a dorso-60°-
proximal to palmarodistal (D60PrPD) of the navicular bone, a
dorso-45°-proximal to palmarodistal (D45PrPD) of the third
phalanx, a lateral to medial projection, a horizontal dorso-
palmar projection, and a palmaroproximal to palmarodistal
navicular bone projection (see Chapter 10).

Furthermore, each of these views must be assessed for any
significant changes in any of the bone surfaces. It is the
authors’ opinion that the radiographs should be assessed for
change and what the change means from a pathologic sense.
Most of the time, radiographs are examined for signs consis-
tent with the tentative diagnosis. Once the basic films have
been examined, it may be necessary to take additional oblique
views to completely appreciate any pathologic change.
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A new method of assessing navicular pathology is
through the evaluation of the flexor surface of the navicular
bone by contrast arthrography.8 The distal interphalangeal
(DIP) joint can be evaluated for cartilage defects or the com-
munication of subchondral cysts with the joint. Defects or
punctures into the hoof can also be examined using contrast
radiography, which can give much better insight into the
structures that may be involved.

Recently, it has become possible to examine the structures
within the hoof sonographically.9 The collateral ligaments of
the DIP joint can be clearly outlined by ultrasonography, as
can the deep flexor insertion on the third phalanx, the distal
deep flexor tendon, the impar ligament, and the navicular
bursa. To examine the podotrochlea, the superficial horn
must be pared from the frog to expose soft, spongy frog tissue.

The metabolic activity of the foot can be evaluated through
the use of nuclear scintigraphy. Scintigraphy involves the injec-
tion of a radioisotope, and its subsequent uptake into the extra-
cellular fluid and bone. Assessment is based on the detection of
radiation from the radioisotope. The technique provides infor-
mation on relative vascularity and rate of tissue metabolism.
This is particularly useful in studying bone pathology and can
help differentiate sites of injury in the foot.

Thermography provides information regarding skin tem-
perature.10 This technique is 10 times more sensitive than the
human hand in detecting heat. It can be an early detector of
inflammation in the foot. It has also been shown to be useful
in assessing the relative blood flow to the foot. This informa-
tion is of particular interest when pre- and postexercise
temperatures are determined. Exercise will normally cause a
0.5°C rise in skin temperature. Whenever the skin tempera-
ture does not rise to this degree, poor blood flow should be
considered a factor in the disease being assessed.

Diseases of the hoof wall

Hoof wall defects

● Lameness associated with hoof wall defects is due to 
irritation of the sensitive lamellae due to exposure, local
infection or shearing of the unstable hoof capsule.

● Treatment should clean and stabilize the defect to permit
healing from the coronary band.

● Healing of defects may require 5–10 months.

Recognition

History and presenting complaint The horse is pre-
sented for evaluation of cracks, fissures or morphologic
defects in the hoof wall. Lameness may or may not be a
presenting complaint.
Physical examination Defects should always be examined
to their depth and size. Depth can be usually determined by
probing the defect. The examiner needs to determine if sensi-
tive tissues are involved. If pain is elicited by probing the
defect, then it involves sensitive tissue. A percussion hammer

is useful to determine the size of defects that are not readily
visible. Normal percussion of the hoof results in a crisp reso-
nance, whereas hoof wall separated from its deeper struc-
tures has a dull resonance. Radiography is very useful in
these cases in identifying gas under the hoof wall, which
indicates either infection or undermined hoof wall.

Defects at or near the coronary band should have the hair
clipped from the coronary band. The coronary band then
should be examined for injuries, wounds, splits, or other
defects that would account for the abnormal hoof growth.
Diagnostic confirmation Radiographs may be necessary
to rule-out involvement of the distal phalanx or sensitive
tissues of the foot.

Treatment and prognosis

Therapeutic aims The first objective and most important
goal of treatment is to eliminate or correct the problem that
caused the hoof defect. Adjunctive therapy will usually make
it possible to return to work sooner. If the underlying problem
is not corrected recurrence should be expected.

Initial treatment is done to either stabilize a defect or
prevent its further extension in the hoof capsule. Debride-
ment of the defect is necessary to remove contamination of
the hoof capsule and deeper laminae. Long-term support or
protection of the affected region must be made.
Therapy It must be remembered that the healing of these
injuries is based on growth of new horn from the coronary
band. These tissues do not heal side to side; therefore healing
is slow, and may take 5 to 10 months. To prevent the defect
from expanding the crack should be immobilized. This can be
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Fig. 15.5
Hoof crack with floated heel.The hoof crack has been
debrided and stabilized with hoof staples.The foot has been
shod with an egg bar shoe.A quarter clip is placed
immediately dorsal to the hoof crack and the affected heel
has been trimmed short enough to prevent contact with the
shoe (‘floated heel’).



accomplished by application of a bar shoe that relieves pressure
on the affected wall. The bar may be a full bar or a diagonal bar.
Also, if the crack is near the heel, weight bearing to the heel can
be reduced by ‘floating’ the heel (Fig. 15.5). The affected heel is
trimmed short enough to prevent contact with the shoe during
weight bearing. The objective is to relieve pressure, which
causes movement at the area of the defect. In addition, clips
placed on either side of the defect will help prevent hoof expan-
sion and, therefore, will immobilize the crack. To further immo-
bilize the crack it can be sutured or wired. In some cases a small
metal plate can be screwed into the wall over the crack.

If the hoof crack does not extend from the ground to the
coronary band changes in the hoof wall may be made to pre-
vent crack lengthening. ‘Grooving’ the hoof wall perpendicular
to the defect has the effect of deflecting stress away from the
crack. Cracks that originate from the weight-bearing surface
should be grooved at the most proximal aspect of the crack.
Cracks that originate from the coronary band should be
‘grooved’ at their distal aspect and in the shape of a ‘V’. ‘Groov-
ing’ will only work if the crack does not extend into sensitive tis-
sues, it is not cosmetic. Bonding or acrylic repair of a crack is a
cosmetic and very successful method used to obliterate the
crack.

Because of their horizontal orientation hoof clefts do not
lengthen as do cracks. However, clefts are much more likely to
involve sensitive layers and cause lameness. The horn around
the cleft should be removed to the depth of the cleft. Sufficient
horn should be removed so there is no undermined horn. In
many cases, this may require a partial resection of the hoof wall
from the cleft to the weight-bearing surface; a rotary burr
(dremel tool) does an excellent job. After sufficient hoof wall is
debrided, the underlying tissue should be inspected carefully.

Treatment of crumbling hoof may require wide debride-
ment of hoof wall. As for a cleft, all undermined hoof wall
should be removed. It should be removed until intact hoof
wall is present around the edge of the debrided area. Again,
the deep tissues must be carefully examined for necrotic
tissue or contaminated debris.

Long-term support or protection of the defect is necessary to
return the horse to use as soon as possible. This usually requires
some type of repair to restore the integrity of the hoof wall.
First, the area must be free of hemorrhage or sepsis. Controlling
hemorrhage requires packing the bleeding area with gauze and
wrapping the foot. Approximately 1 week is required to dry the
hemorrhagic area and allow new horny growth over the area.
Application of a 1% tincture of iodine to the horn in and around
the defect will usually dry the area without desiccating it. If
sepsis has occurred, or a foreign body has penetrated the hoof
wall, it is necessary to soak the foot in a saturated solution of
magnesium sulfate-tamed iodine solution to eliminate the infec-
tion. It may be necessary to soak the foot for 7 to 10 days before
the septic area is healed. An alternative to soaking is to pack the
affected area with a magnesium sulfate paste (ichthammol or
povidone–iodine ointment mixed with magnesium sulfate). This
treatment is followed by application of tincture of iodine
solution. A helpful hint to determine if infection is still present is
to examine the area 24 h after application of iodine. The pres-
ence of moisture or exudate in or around the defect is indicative

of continued active infection. Soaking should continue until the
infection is resolved.

The hoof wall can be repaired after the defect has been ade-
quately debrided and the hemorrhage/sepsis has been con-
trolled. The hoof should be properly trimmed and balanced. In
most cases, a bar shoe with clips should be applied. The hoof
should be dry. Application of either acetone or alcohol to the
outer layers of the horn is an excellent method to remove debris
and dry the hoof. To aid retention of the repair material, the
hoof wall around the defect should be beveled inward (under-
mined) for 6 mm (1–4 inch) using a rotary hand burr. Some
defects can be reinforced by wire laced across the gap. This not
only helps immobilize the area but also adds substrate to which
the repair material can bond. If the defect is not sutured, holes
should be drilled from the normal hoof into the undermined
area to allow penetration of repair material. The holes should be
0.5 to 1 cm apart.

There are numerous agents that are available for repair,
including fiberglass, rubber, thin metal sheets, leather, and
acrylic/epoxy materials. The acrylic/epoxies are the most
popular materials. Modern hoof epoxies have biomechanical
properties similar to normal hoof capsule, reducing the com-
plications of hard, inflexible materials such as hoof capsule
contraction. The material is mixed and applied to the defect
and surrounding hoof wall. When sufficient time has elapsed
to allow hardening of the material, excess acrylic is rasped
away resulting in a cosmetic repair.

Two types of adhesives are used for hoof repair: acrylics and
polyurethanes. Applied properly, these acrylics and urethanes
have the texture, strength, and flexibility of natural hoof wall,
allowing the farrier to rasp and nail to and through the bonded
material, and then allowing the bonded material to ‘grow down’
with the hoof. Using available hoof repair composites, we can
address capsular maladies such as hoof-wall cracks, avulsions,
underrun heels, and thin walls. In effect, rather than having
simple cosmetic repair materials, we now have materials suited
for structural bonding and repair. Applied properly, the compos-
ite material alone generally provides great structural support;
when combined with a reinforcing cloth, such as a fiberglass or
Spectra cloth, the overall strength of the material can be
increased by as much as five-fold. Subsequently, horses with
hoof conditions that would have required lay-up before the
advent of these new products are actively racing and competing
today.

Successful application of these composite materials depends
on numerous things, but manufacturers and farriers agree that
the most important concern is proper hoof preparation. The
farrier must thoroughly debride the hoof wall where the com-
posite will be applied and follow this with a solvent rinse, ensur-
ing that the hoof wall is clean, dry, and smooth. Any loose, flaky
hoof wall, any moisture or oil weakens – and sometimes pre-
vents – the bond. Indeed, improper application can result in
greater disaster than a simple failed bond. Using these materials
to seal moist and infected areas provides an environment con-
ducive for bacterial and fungal proliferation, which undermines
the hoof and destroys more hoof tissue.

Undoubtedly, these materials have proven themselves to be
highly effective tools in the hands of the skilled farrier. However,

269
15 Diseases of the foot



it is important to recognize that there is no acrylic magic
wand, no composite panacea. In all cases, exercise of these
animals should be minimized. Once a shoe is applied and the
defect protected, work can resume. When large amounts of
hoof wall have been lost, it may be necessary to complete the
repair process before the horse is exercised. On occasions the
entire hoof may need to be rebuilt before a shoe can even be
applied.

The horse should be re-examined at 4- to 8-week intervals.
The shoe will need to be reset and in many cases the repair
repeated until the hoof wall grows out. If the animal is active
and competitive the constant trauma may cause the repair to
loosen. If the repair material loosens it should be removed
and the repair repeated. Under no circumstances should new
acrylic be applied over old acrylic. This can trap bacteria and
cause an abscess to form.
Prognosis The prognosis for healing of hoof wall defects is
usually good to excellent. Given proper hoof care, adequate
time, and proper follow-up care, the defect will heal. Large de-
fects that have resulted from an inflammatory cause may have
a tendency to recur because of damage to the laminae and loss
of bonding between the hoof wall layers. However, if the hoof is
kept shod and protected, further problems can be avoided.

Etiology and pathophysiology

Etiology There are numerous causes of defects in the hoof.
Careful examination of the hoof can often identify the probable
cause, which must be eliminated before therapy will be effective.
The first consideration is moisture; either excessive dryness or
excessive moisture can result in defects. Dryness usually results
in a brittle hoof that tends to crack when stressed. If the hoof is
unprotected, large portions of hoof wall may break away at the
weight-bearing edge. Conversely, excessive moisture can cause
the hoof wall to crumble. This is probably due to a combination
of a decay process caused by micro-organisms, a disruption of
the normal horn tubules by the moisture, and stress on the hoof
wall. This problem is usually characterized by hoof-wall crum-
bling, which starts at the weight-bearing surface. Examination
of the wall reveals a hoof wall that is soft in nature at the area of
crumbling. The hoof wall can easily be dislodged for several
millimeters around the defect. The wall that is affected has little
normal architecture and crumbles into a fine powder when
pressure is applied.

The next consideration for evaluating the cause of defects
is hoof conformation, balance, or improper shoe application.
These problems can cause overloading of a portion of hoof
wall and result in disruption of the integrity of horn. Defects
resulting from speed work or work on uneven surfaces are
also due to similar abnormal stresses.

Infection or foreign bodies in the hoof may also result in
defects. Clefts and crumbling are the most common results of
these factors. Clefts may result from either a separation of horn
from the coronary band, as occurs with ‘gravel’, or from split-
ting of the hoof wall as a result of the inflammation associated
with infection. Inflammation caused by infection disrupts the
normal architecture of the hoof sufficiently to cause the wall to
break or crumble under normal stress and usage.

Prevention

Prevention of hoof wall defects is best accomplished by
regular farrier attention and early recognition and response
to changes in hoof moisture (too dry, too wet). Hooves that
are exposed to excessively moist conditions may benefit from
application of sealing agents. Hooves that are extremely dry
may be moisturized by simply allowing the paddock stock
tank to overflow. The resulting muddy area will moisturize
the hooves of horses that come to the water to drink. Horses
that are in regular work and have a regular bath do not
usually suffer from dry, cracked hooves. In fact, excessive hoof
moisture remains a considerable problem in these horses.

Lacerations to the hoof and coronary
band

● First aid should control hemorrhage and prevent further
contamination.

● Damage to the corium may result in hoof wall defects.
● Deep wounds may affect synovial structures.
● Wounds that involve the hoof capsule will heal slowly by

second intention.

Lacerations to the hoof causing loss of germinal tissue and
either partial or complete avulsions of the hoof wall are not
common injuries to the horse. When these injuries do occur,
however, their management can be perplexing for the
veterinarian.

Recognition

History and presenting complaint Horses with hoof-
wall lacerations are presented for distal limb injury that
usually includes considerable hemorrhage and may include
varying degrees of lameness. The horse may have been
caught in wire or kicked through a solid partition.
Physical examination Complete examination of the wound
is necessary to determine the extent of the injury. Although the
foot has as great a capacity for healing as any other tissue, the
prognosis for return to full function is dependent on the severity
of tissue destruction and the tissues involved. In most cases,
adequate collateral circulation develops following injury.
Because ischemia will impair healing and predispose the wound
to infection, permanent loss of blood supply necessitates surgi-
cal removal of the ischemic portions of the wound.

Complete denervation of the foot by extensive damage to
the digital nerve trunks may result in neurogenic degenera-
tion and sloughing of the foot. Ironically, transection of the
nerve, where damage has not been extensive, may aid
recovery by reducing chronic pain associated with the injury.

Injuries that involve the corium of the foot should be
inspected carefully. The corium is modified vascular tissue
similar to the dermis, and is responsible for nutrition to the
horny layers of the hoof. Damage to these structures often
results in permanent defects in the coronary band and hoof.
Injuries that cause avulsion or necrosis of corium will cause
changes in horn production around the hoof. Many times one
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must wait for the regrowth of the hoof to assess these
changes and how they may affect the horse.

Deep wounds that extend to the middle or distal phalanges
cause additional complications. Hoof avulsions may involve all
or part of the wing of the distal phalanx. In these cases, it is
usually easiest to simply remove the fractured portion of the
bone. However, wounds that damage the periosteum or collat-
eral ligaments surrounding these bones may cause permanent
lameness as a result of excessive calcification of soft tissues or
joint instability. Associated soft tissue injuries such as these will
not be apparent on initial radiographic examination and can
only be anticipated after close examination of the wound. Once
soft tissue support is damaged the veterinarian may have to wait
3 to 4 months to evaluate the final consequences of this type of
deep injury.

Although wounds that enter a joint may appear to have a
poor prognosis, they can respond quite well if appropriate
therapy is initiated immediately. Small wounds into a joint
may not be readily apparent, the only sign being synovial
fluid leaking into the wound. Occasionally, serum is mistaken
for joint fluid or vice versa.

Other criteria that must be considered when evaluating these
wounds are the horse’s age, value, and function. Immature
horses tend to heal more readily, and growth may help resolve
some deformities. Wounds of the foot usually heal over an 
extended period, resulting in increased expense and residual
lameness due to the injury; permanent deformity is a distinct
possibility.
Special examination If any doubt exists as to whether a
joint has been entered, saline is injected under pressure into
the joint and the wound examined for the leakage of fluid.
Another method of testing for joint involvement is to perform
an arthrogram and see if leakage of contrast media from the
joint is evident on a radiograph. Radiographs of the affected
region should be obtained to determine if skeletal injury
accompanies the hoof laceration.

Treatment and prognosis

Therapeutic aims The principal goals of surgery are to
optimize conditions for wound healing and to achieve the
most favorable cosmetic and functional result. The horse’s
hoof is not amenable to suturing and therefore wounds must
heal by second intention.
Therapy Therapy consists of surgical debridement and
wound apposition. The foot should be prepared for aseptic
surgery. In addition, the hoof wall, sole, and frog should be
trimmed, pared, and rasped to remove any contamination
that may be in cracks or crevices. The hair from the fetlock
distally should be clipped to allow surgical preparation of the
entire foot and pastern area with an antiseptic soap. Exposed
tissues should be cleansed and irrigated with a physiologic
saline solution. Harsh antiseptics or irritating cleansers
should not be used on exposed tissues because these chemi-
cals may cause further damage. After thorough cleansing,
the wound should be covered with a sterile, nonadherent
dressing and the entire foot bandaged. The outer layer of the
bandage should be impervious to water.

Surgery may be performed on either a standing or an anes-
thetized patient. Standing surgery should be performed with
sedation and local anesthesia. However, this should be
reserved for the most tractable of horses. It will also often
require one person to hold the leg or to tie the leg up for
surgery to be performed. General anesthesia provides optimal
conditions to establish and maintain aseptic techniques, as
well as optimizing the surgeon’s ability to inspect the wound.

The goal of surgery is to optimize conditions for wound
healing that will result in the most favorable cosmetic and func-
tional result. The horse’s hoof is not amenable to suturing and
therefore wounds must heal by second intention. The most
important factor in the management of these wounds is ade-
quate debridement. Necrotic or severely damaged tissues and all
foreign materials provide media for bacterial growth and
impede wound healing. However, vital tissues such as nerves,
arteries, and tendons should be salvaged, if possible. Complete
wound excision is the simplest, most effective means of debride-
ment. If this is not feasible, simple debridement of obviously
devitalized tissue and foreign material combined with wound
irrigation should be performed. Pulsating lavage is the most
effective type of irrigation system.

If a synovial structure is opened or if it is suspected that a
synovial cavity has been entered, the structure should be
lavaged with copious amounts of physiologic saline solution
so that the lavage flows out through the wound. The foot is a
highly vascular structure and hemostasis is difficult.
Hemostasis by ligation and electrocautery are usually not
adequate. A temporary pressure bandage is usually neces-
sary and will stop bleeding if left in place for 12 h. The initial
bandage applied after surgical debridement should be mois-
tened with sterile saline or an antimicrobial dressing over the
wound and covered with an outer waterproof bandage.

Wounds of the hoof generally heal slowly, due in part to the
high incidence of contamination. Subsequent wound infection
can be minimized by proper cleaning, appropriate bandaging,
and ensuring that enough help is available when changing the
dressing (this usually requires two people). Contraction of hoof
wounds is also minimal because of the inelasticity of the epithe-
lial tissues and the fact that they are all attached to bone or rigid
connective tissue. Thus, healing is the result of epithelialization
and regeneration of connective tissue. All portions of corium
can migrate and cover a healthy bed of granulation tissue. This
process will be slow and may take 3 to 5 months.

Immobilization and protection of the wound are impor-
tant considerations in the maintenance of the tissue environ-
ment achieved at surgery. A short limb cast that encases the
hoof is usually the most effective method. The cast will not
only immobilize the tissues and protect them from excess
motion but will also serve as protection for the hoof from
moisture and fecal contamination. On a long-term basis, a
cast can be a much less expensive method of immobilization
than daily bandage changes.

Ten to 14 days is the minimum duration suggested for cast
immobilization. The cast should be maintained as long as
necessary to provide a good initial healing (4 to 6 weeks if
necessary). The cast needs to be monitored daily. If lameness,
excessive heat, or odors develop, it should be removed. 
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After cast removal, bar shoes with clips can be effective in
immobilizing the hoof. The glue-on shoe is also effective at
immobilizing the hoof. This can also be used with less severe
wounds of the foot when combined with aseptic dressings
and water-impervious bandaging.

Antibiotics are indicated during the acute phase of wound
healing and are indicated with traumatic wounds, when deep
structures are involved, or when there has been severe tissue
damage and loss. However, antibiotics should not be used in
lieu of adequate surgical debridement, or without appropriate
bacterial cultures and antibiotic sensitivity testing. Often the
contamination in these cases involves multiple organisms, so
the debrided deep tissues should be used for the culture.

Pain relief may be necessary postoperatively, particularly for
48 to 72 h. Nonsteroidal anti-inflammatory drugs (NSAIDs)
are recommended to reduce inflammation and to minimize the
effects of unequal weight bearing on the unaffected limbs. Pain
relief may also be provided by soaking the hoof in warm or hot
water. This aids the wound healing by reducing surface con-
tamination and stimulating reflex hyperemia with increased
blood flow. If a wound is immersed in water, the water must be
clean to prevent contaminants from contacting the wound
through the water bath. Wounds involving the joints, tendon
sheaths, or bursae are not soaked until healing is adequate to
prevent secondary contamination.

As healing progresses, the hoof should be trimmed to
remove excess horn. The hoof should have excess wall
removed, the sole should be pared of scales, and the horn sur-
rounding the wound should be kept even with the wound
until complete keratinization of the wound has occurred.

The horse should not be allowed free exercise until kera-
tinization is complete. Follow-up examination at 2- to 4-week
intervals is usually adequate. Once keratinization is complete,
corrective shoeing, acrylic remodeling, or simply cessation of
bandaging is in order. Corrective shoeing and/or acrylic
remodeling are often necessary for complete soundness. This
will have to continue until the hoof completely grows out.
Usually this takes about 8 to 12 months.
Prognosis The prognosis for these injuries is generally
good for soundness. However, a prognosis should be withheld
until after adequate inspection of the wound has been made.
The prognosis should be based on the duration of injury, the
structures involved, the temperament of the horse, how ade-
quately debridement can be achieved, and the structural
integrity of the hoof after debridement

Sepsis within the hoof: subsolar
abscess, laminar abscess, septic
navicular bursitis

● Sepsis within the hoof is a primary differential diagnosis
for non-weight-bearing lameness.

● Treatment must successfully approach, open, and drain
the site of sepsis.

● Deep puncture wounds must be aggressively treated with
parenteral and local antibiotics. Surgical debridement
may be necessary.

Sepsis within the hoof capsule may be due to defects in the
sole or hoof capsule, penetrating wounds. The treatment and
prognosis for successful outcome depend on the location and
duration of the abscess and response to initial therapy.

Recognition

History and presenting complaint Lameness of acute
onset that becomes more pronounced over several days is the
primary presenting complaint for horses with sepsis within
the hoof. Sole abscessation occurs more frequently when the
weather changes from dry to wet conditions. The sole and
white line become softer and more prone to penetration of
contaminants. Penetrating wounds may cause abscessation
at any site within the hoof.

Of particular concern are nails or other foreign bodies that
penetrate in the caudal one-third of the foot. Contaminants that
penetrate the caudal portion of the foot are readily sealed in by
the elastic frog and digital cushion. Close proximity of the nav-
icular bursa, distal interphalangeal joint, and tendon sheath
make deep abscesses in the site difficult to drain and treat, with
a high risk for extension of infection into these synovial spaces.
Physical examination Lameness will vary from mild
(grade 2 of 5) to non-weight-bearing (grade 5 of 5). The
horse will often point with the affected foot and that distal
limb will usually have a pronounced digital pulse. Application
of hoof testers to the affected sole usually results in a very
painful response directly over the abscess site. Examination of
the sole may reveal a tract, site of foreign body penetration,
soft and painful spot overlying the abscess or any combina-
tion of the above. If a foreign body is found, it should be left in
place, if possible, until radiographs can be taken of the foot.
Special examination Radiographs are warranted in non-
responsive cases of hoof sepsis to help identify sites of gas or
fluid accumulation in the hoof or beneath the sole and to
rule-out osteomyelitis or other causes of severe lameness of
the distal limb. Imaging is not required for the great majority
of feet suffering from routine sole abscessation.

If a foreign body is still within the foot, radiographs can be
used to determine the depth of penetration and the most
likely anatomical structures affected (Fig. 15.6). If a tract is
suspected to be due to a foreign body that has been removed
a contrast study of the foot will often provide similar infor-
mation regarding location and depth of penetration.

If the foreign body penetrated the caudal one-third of the
foot it is imperative to determine if synovial structures have
been invaded. Arthrocentesis of the distal interphalangeal
joint, navicular bursa and the distal aspect of the digital
sheath may need to be done. Samples should be obtained for
fluid analysis, cytology, and bacterial culture. These proce-
dures are often accomplished most easily with the horse
under general anesthesia.
Diagnostic confirmation The diagnosis is confirmed
when the sole abscess is drained. Other differential diagnoses
include deep penetrating wound to the foot, distal limb frac-
ture, severe bruising of the sole, deep bruising of the sole that
has become septic, laminar necrosis secondary to laminitis,
keratoma, septic arthritis, and osteomyelitis.
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Treatment and prognosis

Therapeutic aims Simple abscesses should be opened to
allow drainage and access of antiseptic solutions. Parenteral
antibiotics are not usually necessary for simple abscesses.
Horses with deep penetrating wounds of the foot should be
treated with broad-spectrum antibiotics, have lavage of the

affected synovial spaces performed, and may require explo-
ration and debridement of the wound tract.
Therapy The sole of the affected foot should be carefully
pared to reveal clean, uniform sole. A combination of hoof
tester and finger pressure may be use to localize the likely site
of the abscess. If the horse is shod, the shoe must often be
removed to afford evaluation of the sole margins and the
white line – the most common sites for sole abscess. Tracts
should be pared and followed in the painful region until the
abscess is relieved or until on further paring the solar corium
is revealed by a slight pink hue. A specialized hoof knife with
a tightly curved tip, or a bone curette may be useful for
following tracts through the sole. Most sole abscesses consist
of a gray-colored, malodorous liquid that flows freely when
the abscess cavity is breached during paring (Fig. 15.7).
Excessive paring may result in hemorrhage from the solar
corium. The size of the sole opening used to drain the abscess
and permit local treatment is quite small. Excessively large
defects used to drain an abscess require prolonged healing
time and protection with a sole pad.

If the abscess cannot be drained on the initial visit, verify
tetanus status and poultice or soak the foot. Poulticing and
soaking are done to soften the foot and draw out the abscess.
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Fig. 15.6
Penetrating foreign body. (A) Lateral radiographic projection
of the distal limb with a nail penetrating the sole. (B) The
orthogonal view (D65Pr–PaDO) reveals that the nail has
penetrated the sole overlying the distal phalanx.The position
of this nail makes it unlikely that a synovial structure was
penetrated.

Fig. 15.7
A sole abscess that has been successfully localized and
opened for drainage.The characteristic gray color of the
abscess material is evident.



Soaking is done by placing the foot in warm water with diluted
povidone–iodine and a handful of Epsom’s salts for 10 to
20 min once or twice daily. Other agents for poulticing the foot
include Ichthammol and an ointment consisting of magne-
sium sulfate, methyl salycilate, and menthol (Magnapaste, The
Butler Company, Columbus, OH). Another method of provid-
ing prolonged soaking of the foot is by using the bran mash
poultice. Place a strong plastic bag that fits over the foot, add
one handful of bran, a small handful of Epsom’s salts. Add
sufficient water to soak the bran and add povidone–iodine
(approximately 1 part to 10 parts other constituents). Fit the
bag with mixture over the foot and secure with gauze, elastic
tape and duct tape. This poultice is changed every 24 h.

If the abscess was easily drained, apply a povidone–iodine-
soaked gauze to the pared defect and protect the sole with a
commercial protective boot or a bandage. Change the
bandage daily for the first few days, then as needed to protect
the foot. After the abscess is dry – as soon as 4–5 days or as
long as 2 weeks – a shoe with a leather pad should be applied
to protect the pared area. Systemic antibiotics are not admin-
istered in uncomplicated sole abscess cases. In all cases of
hoof sepsis, tetanus status should be determined. If the horse
has not been vaccinated within the previous 6-month period,
reimmunization is indicated.

Deep sole abscesses that cannot be drained through the sole
result in prolonged lameness and often break out at the coro-
nary band of the hoof capsule or over the bulbs of the heels. If
the abscess cannot be accessed from the sole or white line,
radiographs may help localize the site. Radiographs will also
determine if the distal phalanx has suffered osteomyelitis or
osteitis due to the prolonged inflammation and infection.
Rarely extensive, prolonged sole abscesses must be treated
with localized, partial hoof or sole resection, and/or curettage
of the distal phalanx.

More extensive treatment must be done in the case of a deep
penetrating wound to the caudal one-third of the foot. At the
first indication of a deep wound in this crucial location, the
horse should be administered broad-spectrum parenteral
antibiotics such as penicillin and gentamicin, or ceftiofur and
gentamicin. Enhanced coverage for anaerobic organisms may
be obtained by adding oral metronidazole to either protocol.

Because of the poor prognosis for horses that develop sepsis
of the deep structures within the caudal aspect of the hoof, vig-
orous therapy is imperative. If the radiographic study confirms
deep penetration in this critical zone the horse should be placed
under general anesthesia to allow sampling and treating of the
most at-risk structures: navicular bursa, distal interphalangeal
joint, and the distal digital sheath.

If lameness is severe at presentation and a tract in the
caudal foot is recognized surgical debridement is necessary
(‘street nail’ procedure). This procedure requires cleansing
and soaking of the foot in antiseptic solution, and progressive
debridement of tissue along the foreign body tract. This
usually requires cutting a 2-cm square hole through the frog
and digital cushion. If the tract penetrates the deep digital
flexor tendon, the debridement continues through the tendon
to permit examination and debridement of the flexor surface
of the navicular bone. Arthroscopic examination of the flexor

surface of the navicular bone is feasible and may be appropri-
ate (see Chapter 11).11

Following debridement, the foot must have sterile bandage
changes to prevent contamination. This process is facilitated
by applying a hospital plate shoe to the foot.
Prognosis Prognosis is usually excellent for return to
complete soundness within 2 weeks for uncomplicated sole
abscesses.

Deep penetrating wounds to the foot have a guarded to
poor prognosis. Using the street nail procedure 32% of
affected horses returned to soundness.12 Using the arthro-
scopic approach 75% of treated horses returned to their
intended use.11

Laminitis

● Bounding digital pulses, marked lameness, and postural
efforts to shift weight from the affected feet characterize
the signs of laminitis.

● Inciting causes include metabolic derangements, severe
illness, and excessive weight bearing.

● Treatment must remove the inciting cause, reduce
inflammation, maintain blood flow, and prevent distal
phalanx displacement.

● Trimming using radiographic control is necessary to
return the hoof to function.

● Overall prognosis for soundness in most cases is favorable.

Laminitis is defined as inflammation of the pedal laminae,
which provide the support between the hoof wall and distal
phalanx. Numerous causes of the disease have been defined
but the leading cause remains gastrointestinal disturbances.
Although the condition primarily affects the foot, the disease
is actually a systemic disease, which causes disturbances in
most body systems. The disease can be arbitrarily divided into
four phases: developmental, acute, chronic, and postchronic. 

Recognition

History and presenting complaint Horses presented
with clinical signs of laminitis are always in the acute,
chronic or postchronic phases of the disorder. Signs of acute
laminitis include: ‘bounding’ digital pulses, warm feet, and
‘camped in front’ stance. This characteristic stance is an
effort by the horse to shift weight bearing to the (usually)
unaffected rear limbs. The severity of lameness relates to the
severity of damage to the laminae. Pain and inflammation
from ischemia to the secondary laminae is the direct cause of
acute pain in laminitis. Horses with chronic laminitis are pre-
sented for misshapen hooves, seedy toe, chronic, recurring
hoof abscessation, and chronic lameness.

The practitioner must be aware of potential inciting causes of
laminitis. When a horse is exposed to a situation that may cause
laminitis preventive measures must be taken to minimize the
adverse effects. The period of time between exposure to a situa-
tion that may cause laminitis and the onset of clinical signs is
called the developmental or subclinical phase. Factors that may
induce laminitis should be identified in the history and include:
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grain overload, colic, illness associated with endotoxemia,
retained placenta, exhaustion and metabolic derangements,
exposure to black walnut shavings, excessive ingestion of lush
pasture grasses (grass founder), excessive concussion (road
founder), Cushing’s syndrome, excessive weight bearing on a
limb, and excessive ingestion of cold water.13–17

Physical examination Horses with acute laminitis
generally show varying levels of foot pain, often charac-
terized by treading in place or a shifting limb lameness.13,14

When severe pain is present in the forelimbs a characteristic
‘walking-on-egg shells’ gait is evident as the horse shifts
weight to the rear limbs. Most commonly, both forelimbs are
affected. All limbs may be affected in extraordinary cases.
Unilateral limb involvement is usually found in the contra-
lateral limb of horses that have non-weight-bearing lameness
due to fracture or infection.16 Digital pulses are generally
increased and may be bounding in severe laminitis. Hoof
tester sensitivity at the toe near the apex of the frog is usually
marked. When rotation or distal displacement of the distal
phalanx has occurred the sole will lose its normal concavity
and a depression may be palpated at the coronary band.
Imminent exposure of the distal phalanx or separation of the
hoof capsule from the foot may be first recognized with serum
weeping from the sole or coronary band, respectively.

Horses with chronic laminitis may have remodeling of the tip
and dorsal border of the distal phalanx, solar margin fractures,
and distal phalanx rotation evident on radiographic examina-
tion. Inadequate trimming may leave a dished hoof with long
toes and severely underrun heels. Chronic abscessation of the
hoof and coronary band associated with a wide and weakened
white line is also commonly found in chronic laminitis cases.

The Obel grade classifications record the severity of gait
abnormalities in horses with laminitis:18

● Obel grade 1: the horse exhibits constant shifting of its
weight from leg to leg. The horse’s gait is stiff and stilted at
the trot but not the walk.

● Obel grade 2: lameness is characterized by a stiff and
stilted gait at the walk and trot. The horse is reluctant to
rest full weight on a leg but a leg can still be lifted off the
ground readily.

● Obel grade 3: has the horse reluctant to move. Lifting a
limb off the ground is very difficult. Permanent morpho-
logic change occurs within 12 h of the onset of Obel grade
3 lameness.

● Obel grade 4: is so severe that the horse refuses to move
unless forced and spends most its time recumbent.

Diagnostic confirmation Diagnosis is based on physical
signs and radiographic examination. The dorsal hoof wall
and dorsal distal phalanx in the normal horse should be
parallel and the space should measure < 19 mm or < 30% of
the length of the distal phalanx measured from its tip to its
articular surface at the navicular bone (Fig. 15.8).19 Rotation
is the most common displacement and is caused by disruption
of dorsal laminar attachments and the pull of the deep digital
flexor tendon (DDFT). Radiographic evaluation of distal
phalanx displacement may help determine a prognosis.
Prognosis is good for horses with rotation < 5.5°, but poor

for rotation > 11.5°.20 Horses with distal displacement
(‘sinking’) have a poor prognosis. Another study contradicted
the aforementioned report and found no correlation between
radiographically measured distal phalanx displacement and
prognosis for resolution of laminitis.14

Venograms of the distal limb have been advocated to help
determine prognosis.21 The prognosis for successful treat-
ment is enhanced when the vasculature of the coronary
corium and dorsal laminae are visible during venography.

Differential diagnoses include deep abscess, distal phalanx
or navicular bone fracture, septic tenosynovitis, or deep
bruising. Most of these conditions commonly occur in a
single limb, but laminitis most commonly occurs bilaterally
except when caused by excessive weight bearing.

Treatment and prognosis

Therapeutic aims The treatment objectives for laminitis
include eliminating the inciting cause, decreasing inflamma-
tion, maintaining or re-establishing blood flow to the
laminae, and preventing displacement of the distal phalanx.

Treatment during the developmental phase is done to
prevent the onset of clinically apparent laminitis or to reduce
the potential adverse effects of exposure to inciting causes of
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Fig. 15.8
Radiographic measurement of distal phalanx displacement.This
lateral radiographic projection of the distal phalanx has been
marked to demonstrate two methods for measuring distal
phalanx displacement. Measured distances:A, 24 mm; B,
30 mm; C, 54 mm. Normally,A and B should measure less than
or equal to 19 mm and be equal values, indicative of
parallelism of the dorsal distal phalanx with the dorsal hoof
capsule.A and B should also be less than 30% of the
measurement taken from the tip of the distal phalanx to the
articulation with navicular bone (C). In this case C/A = 44%
and C/B = 55%.These values are indicative of severe distal
phalanx displacement.A gas and fluid pocket indicative of
lamellar necrosis is also found in the dorsal laminae.



laminitis. Under all circumstances the first aim of therapy is
to treat and remove any potential inciting cause of laminitis.

The aims of treatment during the chronic phases of lamini-
tis include stabilizing the distal phalanx to reduce further
displacement and providing an environment where the distal
phalanx, laminae and hoof capsule may re-establish a firm,
stable bond. When all other significant hoof issues have been
resolved, gradually returning distal phalanx to normal orien-
tation with the ground surface is the ultimate goal.
Therapy Treatment during the developmental and acute
phases of laminitis includes elimination of the inciting cause,
increasing the blood flow to the laminae, antithrombotic
therapy, and distal phalanx support. In the developmental
phase, successful treatment should prevent the laminar
damage that results in distal phalanx displacement and the
untoward sequellae, while treatment in the acute phase
should reduce the adverse effects and extent of the damage.

In horses that have been exposed to the inciting causes of
laminitis it is prudent to exclude all grains and concentrates
from the diet until the outcome is evident. Cathartics are
administered in grain or pasture overload. Mineral oil or
water with Epsom’s salts (up to 1 kg per 4 L water) may be
administered via nasogastric intubation. Gastric lavage may
be performed within 2 to 6 h of overeating. Intravenous fluid
and electrolyte therapy should be instituted in exhausted
horses. Fractures and severe lameness should be treated 
to permit weight bearing in the affected limb as soon as
possible.

If a severe illness, abdominal surgery, or other condition
that may cause endotoxin release is present the horse should
be administered hyperimmune serum and flunixin meglu-
mine at the anti-endotoxic dose (2.5 mg/kg i.v., q 6 h).22

NSAIDs such as phenylbutazone (4.4–8.8 mg/kg/day),
flunixin meglumine (1 mg/kg/day) or ketoprofen (2.2 mg/
kg/day) should be administered in all cases of laminitis.
Phenylbutazone is most commonly used, yet ketoprofen may
have a slightly better effect in select cases. NSAIDs reduce
prostaglandin and thromboxane production through inhibi-
tion of cyclo-oxygenase, decreasing inflammation associated
with ischemia and thereby decreasing pain and promoting
blood flow through small peripheral vessels by inhibiting
platelet aggregation and thrombosis.

Dimethyl sulfoxide (DMSO) may be used to prevent
reperfusion injury of the laminae. It acts as a free-radical scav-
enger and non-specific anti-inflammatory agent.23 DMSO is
administered at 0.25–1.0 g/kg i.v. in saline or 5% dextrose
solution at a concentration less than 20%. In acute laminitis
treatment with DMSO is usually continued for 3 days.

Blood flow to the laminae may be enhanced with peripheral
vasodilators.24 Acepromazine maleate is an �-adrenergic
antagonist and is administered at 0.03–0.06 mg/kg i.m. either
q 6 h or q 8 h for 3 to 5 days, or until the horse improves. This
drug is readily available in all practices and should be used 
at the first indication of laminitis. Isoxsuprine HCl is a �- and 
�-adrenergic antagonist that is administered at 1.2 mg/kg p.o.
q 12 h for indefinite periods. There is some controversy regard-
ing systemic availability of this drug via the oral route and treat-
ment effects should not be expected for days or weeks.25

Small vessel blood flow may also be enhanced by administer-
ing antithrombotic or anticoagulant medications. Aspirin is
very effective at inhibiting platelet aggregation and may be ad-
ministered at 10–20 mg/kg p.o. every other day.14 Heparin 
may be administered at a dosage of 40–80 units/kg SQ
q 12 h.26

The distal phalanx must be supported in the developmen-
tal phase to prevent displacement and in the acute phase to
also prevent or limit distal phalanx displacement. Initially
simple gauze rolls taped over the frogs may be helpful. Lily
Pads® (Kentucky Blacksmith Supply, KY), fitted over the heel
bulbs and frogs and secured with tape, may be a longer-term
solution. Full sole support may be custom fitted using
Scotchcast Custom Support Foam fiberglass cast padding tape
(3M Orthopedic Products, St Paul, MN), dental impression
material, or common foam building insulation. These pads can
be frequently reset to provide the most comfort in cases with
rapidly changing sole contours. Deep sand footing is a simple
method to maintain good sole contact and soft bedding.

Excessive tension of the DDFT is one of the factors responsi-
ble for distal phalanx rotation and can be reduced through
several methods. Special horse shoes have been developed to
help reduce DDFT tension and to support the foot. The Ultimate
Wedge shoe (Kentucky Blacksmith Supply, KY) raises the heel
20°, significantly reducing DDFT stress.27 The Ovnicek shoe
(Equine Digital Support System, Columbia Falls, MT) has several
components that results in custom foot support and can be con-
figured with a high heel wedge and styrofoam-like sole padding.

A surgical alternative for reducing DDFT tension also exists.
Tenotomy of the DDFT at midcannon bone or at the level of the
heel bulbs has been used as a salvage method for nonresponsive
cases of laminitis with severe rotation and in some cases for
treatment of peracute distal phalanx displacement.28 Tenotomy
at the midcannon level is a practical technique that may be per-
formed under local anesthesia through a small stab incision.
The limb is bandaged and the foot is supported with sole pads.
An extended heel shoe or a shoe with a marked wedge pad is
necessary to prevent subluxation of the distal interphalangeal
joint. Response to tenotomy has been variable. In the successful
case, the DDFT eventually heals, but scarring and adhesions
may limit athletic use of the horse.

Chronic laminitis presents a variety of treatment chal-
lenges. Displacement of the distal phalanx usually occurs by
rotation in the sagittal plane but may also involve complete
distal phalanx displacement (‘sinking’). The damaged lamel-
lae also predispose the hoof to abscessation at both the sole
and the coronary band (Fig. 15.9). The displaced distal
phalanx is predisposed to solar margin fractures, especially
near the toe. In the most serious cases, complete slough 
of the hoof may occur or the distal phalanx may penetrate
the sole. Management of these conditions requires long-
term treatment with NSAIDs and repeated shoeing and
trimming. Follow-up treatment should always involve the
veterinarian, farrier, and horse owner. Decisions regarding
continued support of the sole, easing of breakover, and cor-
rect trimming of heel and toe should be made using radio-
graphs of the affected feet taken at intervals during
recuperation.
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In most cases of mild laminitis, gradual reshaping of the
hoof capsule must be performed over several months to
return the distal phalanx to the proper relationship with the
ground surface and the hoof. This generally requires remov-
ing excess heel and excess toe. Trimming should result in
gradual changes only and should be controlled by measure-
ments and relationships made from lateral radiographs of the
distal phalanx (Fig. 15.10). In some cases more radical trim-
ming changes may be indicated. The four-point trimming
protocol as described by Ovnicek may help reduce DDFT
tendon strain and the strain on the distal limb during
breakover. By providing more surface area of contact with
the ground surface the method may also reduce overall foot
pain.
Prognosis Most mild cases of laminitis respond to treat-
ment in several days to weeks. Those that linger, have marked
displacement of the distal phalanx, display increasing levels
of severe pain or suddenly ‘walk out of their feet’ may be can-
didates for euthanasia. The owner’s strong desire for
resolution of this devastating condition ‘at all costs’ because
the horse is a ‘best friend’ must not override rational analysis
of the horse’s condition and humane aspects of continuing
treatment. In most cases the horse should be euthanized
when pain is unmanageable and the horse shows signs of
anorexia, cachexia, or severe decubital ulcers. Most cases
with distal phalanx penetration of the sole, sloughing of the
hoof capsule, and recurrent deep abscessation of the sole or
laminae should be euthanized. There are always exceptions,
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Fig. 15.9
Arrowheads identify dark tracts at the sole margin and the
white line.This hoof has suffered from chronic laminitis.These
tracts must be pared out at each trimming.

A B

Fig. 15.10
Radiographs as an aid for trimming of chronic laminitis. (A) Lateral radiographic view of a hoof with chronic laminitis characterized
by rotational distal phalanx displacement and dishing of the dorsal hoof capsule. Using this film, the farrier was able to determine the
position of the distal phalanx and trim the hoof appropriately. (B) Lateral radiographic view of the foot after trimming. Following
evaluation of this film even more toe was trimmed away.



and quality of life for the horse should be a primary, although
at times arbitrary and qualitative, concern.

Prognosis for resolution of laminitis is usually fair to good for
horses with minimal distal phalanx displacement. Prognosis is
good for horses with rotation < 5.5°, but poor for rotation 
> 11.5°.20 Horses with marked displacement nearly always
suffer more chronic hoof problems that may limit soundness.
Horses with sinking displacement have a poor prognosis for
survival, as do horses that slough the entire hoof or have
penetration of the sole by the distal phalanx.

Prognostic indicators for laminitis were reported in a study
from the UK.29 Of 216 horses with laminitis: 162 (77%)
became sound as athletes, 7 (3%) did not become completely
sound, but survived and 42 (20%) horses were euthanized 
or died due to laminitis. The remaining five horses were eu-
thanized and not treated. The most significant prognostic
indicator was quantification of distal phalanx displacement
from radiographs. Less significant prognostic indicators were
the severity of lameness, distal phalanx rotation angles,
the presence of dropped sole, and the number of feet affected.29

Etiology and pathophysiology

Etiology The following conditions are associated with
laminitis: excessive grain or lush pasture ingestion; endo-
toxemia associated with infectious diseases such as diarrhea,
septicemia, or retained placenta; excessive metabolic stress
associated with dehydration or overexertion; excessive weight
bearing on a limb opposite one with a fracture or severe lame-
ness; and management factors such as bedding with black
walnut shavings, excessive obesity, and underconditioned
horses worked excessively.
Pathophysiology There is general agreement that lamini-
tis is associated with circulatory disturbances at the level of
the lamellae, but the specific nature of the changes continues
to be under investigation.13,14,24,30–34 Current research sug-
gests that there is a period of lamellar vasodilatation during
the developmental phase of laminitis.24,30,31 In experimental
laminitis vasodilatation within the hoof was found from 12
to 32 h after carbohydrate overload.30 The increased local
blood flow may result in exposure of the lamellae to enzymes
such as metalloproteinase-2 and metalloproteinase-9 (MMP-
2 and MMP-9).32 These enzymes are normally required to
temporarily break the lamellar attachments as the kera-
tinized hoof capsule grows and ‘slides’ along the dermal
lamellae. In the normal hoof inhibitor enzymes are present to
control MMP activity, whereas the laminitic hoof lacks these
inhibitors. Vasodilatation of the vessels in the lamellae
carries the activated MMP enzymes to their site of action, the
cytokines and free radicals associated with reperfusion then
act on the lamellae and cause their destruction. Hoof tissues
from experimental horses with acute and chronic carbohy-
drate-induced laminitis have high expression of endothelin-1
(ET-1).34 The presence of ET-1 causes marked vasoconstric-
tion, which leads to ischemia of the lamellar tissues. This
potential cycle of vasodilatation, followed by vasoconstriction
and the attendant breakdown of lamellar attachments,
necrosis, and inflammation constitutes the vicious cycle that

leads to pain, distal phalanx displacement, and the other
physical signs of laminitis.

Prevention

Minimizing changes in diet, particularly changes in the
amount of grain fed and controlling access to lush, new
pasture grasses, will decrease the incidence of laminitis.
Recognize that horses that have had a previous bout of
laminitis are predisposed to having the problem again. When
inciting causes of laminitis are present preventive treatment
should be instituted.

Diseases of the distal
phalanx

Distal phalanx fractures

Distal phalangeal fractures can be classified into one of seven
types (Fig. 15.11).35–37 Type I is a non-articular fracture of
the wing of the third phalanx. Type II fractures are articular
wing fractures (Fig. 15.12). Type III fractures are sagittal and
divide the bone nearly into equal halves. Type IV fractures
comprise all extensor process fractures (Fig. 15.12). Com-
minuted and irregular distal phalanx fractures are type V.
Fractures of the solar margin are type VI. Palmar process
fractures are considered type VII (Fig. 15.13).36

Recognition

History and presenting complaint Acute onset of grade
3–5 of 5 lameness is the primary presenting complaint for frac-
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Fig. 15.11
Diagrammatic representation of distal phalanx fractures.Type I:
non-articular fracture of the wing; type II: non-sagittal fracture
that enters the distal interphalangeal joint; type III: midsagittal,
articular fracture from the extensor process to the solar
margin; type IV: extensor process fracture; type V: comminuted
or irregular fractures; type VI: fractures of the solar margin; type
VII: non-articular fractures of the palmar process.



tures of the distal phalanx. Often the inciting event is not seen
but kicking in the stall or a miss-step followed by acute lameness
may be reported. Young foals with distal phalanx palmar 
process fractures may be presented for evaluation of club-
footed conformation that is accompanied by mild, short-term
lameness.38–40

Physical examination Lameness is usually accompanied
by an increased digital pulse. Extensor process fractures are
often accompanied by swelling over the coronary band. Hoof
tester examination usually reveals marked pain over the
entire hoof but especially over the fracture. Hoof percussion
reveals sensitivity around the entire hoof but especially over
the fracture. These two techniques can usually aid the practi-
tioner in lining up for radiography in order to center the 
X-ray beam on the fracture.
Diagnostic confirmation Radiographs are necessary to
confirm the diagnosis. Usually at least four to five views
should be made in order to examine the entire bone from
several angles. The fracture may not be visible until lysis
occurs along the fracture line, often for 10–14 days.35

Nuclear scintigraphy and computed tomography are addi-
tional imaging methods to help recognize distal phalanx
fractures.

Treatment and prognosis

Therapeutic aims Sufficient stability and reduced activity
must be provided for the affected foot to permit healing of the
fracture.
Therapy Fracture types I, II, III, and V are treated by
therapeutic shoeing. A full bar shoe with quarter clips, full
rim shoe, or certain glue-on shoes will immobilize the hoof
capsule and effectively turn the hoof into a cast. Foals with
any type of distal phalanx fracture should not be treated with
a restrictive shoe because of the secondary complications
that accompany hoof contracture. Foals under 1 year of age
with these fractures usually respond favorably to stall or
paddock confinement alone.39,40

Fracture types II, III, and IV may be repaired with lag
screw fixation. This can be difficult because the fracture line
cannot be visualized during surgery, therefore radiographic
control during surgery is essential for a successful outcome.
Also, the bone in the wings of the distal phalanx is porous
and does not hold screws well.

Type IV fractures are best treated by surgical intervention.
Small fragments are easily removed via arthroscopy. Larger
fragments should be stabilized using lag screw fixation but
can be removed completely via an arthrotomy. Neurectomy of
the palmar digital nerve may be necessary to resolve chronic
low-grade pain. Neurectomy is most effective for wing frac-
tures but may reduce pain in all the fractures. It should not be
performed if a palmar digital nerve block fails to substantially
improve the lameness.
Prognosis The prognosis for soundness of fracture types I
and II is fair to good.35 Fracture types III and IV have a
guarded to fair prognosis due to the likelihood of distal inter-
phalangeal arthritis. The prognosis for type V fractures due to
trauma is good, yet prognosis for this type of fracture second-
ary to osteomyelitis is guarded. Type VI fractures have an
excellent prognosis. In adults complete healing of distal
phalanx fractures may require 9 to 12 months. All fractures
in foals less than 1 year of age have a very good to excellent
prognosis for soundness.39,40
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Fig. 15.12
Lateromedial radiographic view of the distal phalanx.Type II
(black arrowhead) and type IV (white arrowhead) distal
phalanx fractures are evident.

Fig. 15.13
Dorsal 65° proximal–palmarodistal oblique radiographic view
of the distal phalanx.A type VII palmar process fracture is
evident between the arrowheads.



Etiology and pathophysiology

Etiology These fractures are usually caused by trauma.
Pathological fractures of the distal phalanx may occur
secondary to osteomyelitis. Improper shoeing, hard surfaces,
stone bruises, infectious conditions, and nutritional deficien-
cies are all considered to be contributing factors.

Diseases of the
podotrochlea

Navicular bone fractures

Navicular bone fractures are uncommon and can be
classified into one of four types. These are simple sagittal
fractures, comminuted fractures, avulsion fracture of the
navicular suspensory ligament, and avulsion fractures of the
impar ligament.

Recognition

History and presenting complaint History, presenting
complaint and physical signs for avulsion fractures of the
navicular bone are the same as for other causes of palmar
foot pain (see below). Complete navicular fractures will
present with acute onset of severe lameness that may
decrease somewhat over time.41

Physical examination These fractures have pain referable to
the navicular bone. They are usually acute and exhibit a grade
III–V of V lameness. In most cases the horse is unwilling to place
the heel of the affected foot on the ground. Marked pain over the
navicular area is noted with hoof testers. Distal limb flexion
markedly exacerbates the lameness.

Diagnostic confirmation Conformation of navicular
fracture is made by localizing the foot pain to the heel region
and radiographic evidence of fracture (Fig. 15.14). Recognize
that occasionally the navicular bone will develop with two
(bipartite) or three (tripartite) ossification centers. If these
centers do not bridge with mineralized bone, the navicular
bone may appear to be fractured. Localization of pain to the
heel region using diagnostic local anesthesia should rule-out
separate ossification centers.

Treatment and prognosis

Therapeutic aims Conventional therapy for navicular
fractures is similar to that used for distal phalanx fractures.
An alternative technique reduces DDFT and heel strain and is
followed by a gradual exercise program to limit adhesions.
Therapy Navicular bone fractures are treated conserva-
tively. Surgical exposure of the site and internal fixation of
the fracture is exceedingly difficult. Therapy traditionally entails
variable periods of rest with corrective trimming and shoeing to
immobilize the hoof. Palmar digital neurectomy often is
required after the fracture heals to increase soundness.
However, the results of this type of therapy have been poor. The
poor results are thought to be due in part to adhesion formation
between the navicular bone and the deep flexor tendon.

An alternative technique may be used that reduces heel
strain and returns the horse to controlled exercise sooner than
conventional therapy.42 Following the diagnosis of a navicular
bone fracture, the affected hoof should be trimmed to its normal
hoof pastern axis. The hoof is then shod with a flat shoe and
four 3° wedge pads so as to elevate the heels 12°. The objective
is to prevent the navicular bone from having weight-bearing
contact with the second phalanx and to decrease the strain on
the deep flexor tendon. Proper elevation of the hoof can be
confirmed through the use of a lateral radiograph.

The horse should be stall rested for the first 60 days, then
short periods of handwalking (15 min daily) can begin. The
shoe is reset every 4 weeks. At each reset the hoof is trimmed
and the horse is reshod with 3° less elevation. At the end of
4 months, when the horse is shod normally, an assessment of
the degree of soundness is made. Podotrochlear bursography
can be utilized at the end of the 4-month period to assess the
degree of adhesion formation. Four cases have been treated
utilizing this method. Three horses had simple sagittal frac-
tures of the navicular bone involving the forelimb and one
had a comminuted fracture of a rear limb navicular bone.
Upon initial presentation these horses were grade 3–5 of 5
lame. Typically, the fracture was noted radiographically as a
clearly demarcated fracture with well-defined margins. The
fracture line became less well defined within 30 days. This
was presumably due to bone resorption. Mineralization
around the fracture in each of these cases occurred but
complete radiographic healing of the fracture did not occur
in any case. However, the horse’s lameness resolved after the
4-month treatment period. Two horses returned to competi-
tion, one as a gaited horse and the other is a multipurpose
Arabian show horse. The other two horses are not lame and
are being ridden.42
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Fig. 15.14
Navicular bone fracture.The lucent line between the
arrowheads is the fracture line.



Complete navicular bone fractures often heal with a
fibrous, rather than an osseous, union.41 Avulsion fractures
of the proximal or distal border of the navicular bone usually
respond to treatment for palmar foot pain.
Prognosis The prognosis for navicular fracture caused by
trauma is guarded prognosis due to likelihood of secondary
arthritis. Pathologic fractures due to infection have a grave
prognosis.

Etiology and pathophysiology

Etiology The etiology of navicular fractures is always trau-
matic but can be predisposed by either infection or chronic de-
mineralization from navicular disease. Repetitive trauma that
predisposes the foot to palmar heel pain may lead to avulsion
fractures of the proximal or distal border of the navicular bone.
The navicular bone may have more than one center of
ossification, resulting in either a bipartite or tripartite bone.

Palmar foot pain

● Manipulative tests and diagnostic anesthesia often do not
specifically identify the site of palmar heel pain.

● Shoeing goals for palmar heel pain: correcting hoof
imbalance, easing breakover, and providing concussion
protection.

● There are more than 15 specific causes of palmar heel
pain.

● Prognosis improves with diagnosis and treatment within 
1 year of onset.

Lamenesses in this region account for more than one-third of all
chronic lameness in the horse.2 It must be understood that a
palmar digital nerve block simply localizes the source of the
pain the horse senses to the back of the foot. It is important to
identify as specifically as one can the pathological and clinical
findings. This in turn will help the clinician make their best
assessment of the problem, and recommend the most specific
treatment.

Recognition

History and presenting complaint Horses are presented
for mild to moderate unilateral or bilateral forelimb lameness
that is usually exacerbated in a circle. Quarter Horses,
Thoroughbreds, Warmbloods, other Western stock-type horses
and other breeds that compete over fences are predisposed to
palmar heel pain. Subtle heel pain may be presented as a horse
that no longer extends the forelimbs during the trot, resulting in
a short, choppy or shuffling gait. Affected horses may stumble
due to their preference to land toe first.
Physical examination The examination should closely
follow the guidelines presented earlier in this chapter. No
diagnostic test is pathognomonic for navicular or palmar foot
pain.43 Distal limb flexion has been suggested by Turner to be
of importance in the differentiation of navicular disease. 
In that study, 87.5% of the horses responded to this test.43

When grouped according to diagnostic analgesia response,

the navicular region pain (NRP) group that blocked to a
palmar digital, distal interphalangeal and podotrochlear
bursa analgesic injection was positive to distal limb flexion in
88% of the cases. The palmar foot pain (PFP) group that did
not respond equally to the three injections were positive to
distal limb flexion in 87% of horses. This indicates that the
test is good for exacerbating pain in the palmar hoof but does
not help in specific differentiation of the cause.

The frog wedge test is thought to exert pressure directly on
the navicular bone similar to hoof testers but is thought to be
more accurate because the horse’s weight exerts the pressure
rather than man-made pressure. The study found that 75% of
the horses responded to this test.43 But 76% were from the
NRP group and 74% from PFP group again indicating no
difference.

The toe wedge test was positive in 56%. This is higher than
that reported by Wright.44 However, the test was of no help in
differentiating the source of pain; 55% were positive in the
NRP group and 58% were positive in the PFP group.

Hoof tester examination over the frog is considered by
some clinicians as the definitive test for navicular pain.
However, hoof tester examination was found not only to be
less sensitive than other manipulative tests for navicular pain
but that other types of palmar foot pain were more likely to
respond to the hoof tester examination over the frog than
horses with navicular pain.43,44

The first step in the treatment of palmar hoof pain is accu-
rate assessment of the pain and careful evaluation of hoof
structure that may predispose to or cause the pain. The exami-
nation of the foot has been previously described in this chapter.

Typically, all causes of lameness in the palmar foot will be
improved by at least 90% after perineural anesthesia of the
palmar digital nerves. Anesthesia of the distal interpha-
langeal (DIP) joint or the podotrochlear bursa are additional
procedures that provide information about palmar hoof pain.
In a study reported by Dyson and Kidd45 95% of the horses
examined using DIP and bursa anesthesia gave significant
new information about the pain the horse exhibited. The pain
relief by anesthesia of any of these three regions has been
shown to overlap. Further, recent identification of neuro-
receptors for the navicular bone and podotrochlear region
have indicated how these other diagnostic techniques may
help differentiate these clinical conditions. The DIP joint 
and podotrochlear bursa do not communicate, and yet the
response to local anesthesia injected into these synovial cavi-
ties is similar.46 Both cavities have in common the navicular
bone, the impar ligament, and the collateral sesamoidean
ligament (proximal suspensory ligament of the navicular
bone). The neuroreceptors for the navicular bone are in these
two ligaments and they can be anesthetized from either syn-
ovial cavity.47 Furthermore, Bowker et al. have shown that
the palmar digital nerve is in very close proximity to the
medial and lateral limits of the bursa and that the nerve may
be anesthetized at this level whenever the bursa is injected.48

Special examination Podotrochlear (navicular) bursa
contrast arthrography is a new method of assessing navicu-
lar pathology.8 This technique allows evaluation of the carti-
lage of the flexor surface of the navicular bone. In several
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cases we have been able to conclusively prove the presence of
adhesions between the navicular bone and bursa.

Use of the podotrochlear bursa contrast study has pro-
vided new information regarding the flexor cartilage, the
presence of adhesions between the deep flexor tendon and
navicular bone, and possible tendon damage. Adhesions
between the deep flexor tendon and navicular bone were seen
as space-occupying lesions in the dye column across the
flexor surface of the bone. In each of the cases in which this
was noted the horse had navicular pain. Tendon damage was
noted when the dye filled small defects in the tendon. This
finding was found only in that group of horses with palmar
foot pain. Flexor cartilage damage was evident by the loss of
cartilage on the flexor surface. This finding was noted equally
in horses with navicular pain and the group with other
causes of palmar foot pain. This suggests that flexor cartilage
erosion is probably of little consequence, or at least highly
variable in causing navicular bone pain.
Diagnostic confirmation Radiographic examination is
the imaging method most often used to assess osseous
changes in the distal sesamoid bone. These changes with the
exception of fractures are usually not pathognomonic but do
provide insight into damage that has occurred to the foot (see
Chapter 10).

Scintigraphy provides information on relative vascularity
and rate of tissue metabolism. This is particularly useful in
studying bone pathology and can help differentiate sites of
injury in the foot. High-detail scintigraphy of the foot
obtained using a skyline view can localize inflammation
specifically to the navicular bone or to other structures in the
palmar heel region.

Thermography has been shown to be useful in assessing
the relative blood flow to regions within the foot.10 This infor-
mation is of particular interest when pre- and postexercise
temperatures are determined. Exercise will normally cause a
0.5°C rise in skin temperature. Whenever the skin tempera-
ture does not rise, poor blood flow should be considered a
factor in the disease being assessed.

It is clear that the diagnosis of navicular disease and
palmar heel pain is facilitated by noting the response to
diagnostic anesthesia. However, as discussed earlier in this
chapter, none of the diagnostic anesthesia procedures
employed results in specific desensitization of a single
anatomic site. The diagnostician must use physical findings,
response to diagnostic anesthesia, and imaging to determine
the specific diagnosis.

Treatment and prognosis

Therapeutic aims Palmar heel pain is treated primarily
by correcting hoof balance abnormalities, easing breakover
and providing more concussion protection to the foot. Anti-
inflammatory medications and peripheral vasodilating
agents can also be utilized, but often play a secondary roll to
corrective shoeing in the treatment of this type of lameness.
Therapy Treatment must be tailored specifically to the
hoof characteristics and use of the horse. Corrective shoeing,
anti-inflammatory medication, and peripheral vasodilating

agents are all part of treatment protocols for palmar foot
pain.

The most successful approach to shoeing is that based on
individual case needs rather than a standard formula. The
following principles should be followed:

1. Correct any pre-existing problems of the hoof, such as
underrun heels, contracted heels, sheared heels, mis-
matched hoof angles, broken hoof/pastern axis.

2. Use all weight-bearing structures of the foot.
3. Allow for hoof expansion.
4. Decrease the work of moving the foot.

Shoeing is most effective when correction is made within the
first 10 months of lameness, up to 96% success. This is in
contrast to when shoeing changes are not made until after
1 year of lameness, where only 56% of the cases have been
treated successfully.49 The importance of a balanced foot in
the treatment of equine lameness is well recognized.
However, the assessment and choice of options for correction
of an imbalanced foot can be quite subjective. Balance is
defined as the harmonious adjustment of parts. For the hoof,
balance has been defined as the equal distribution of weight,
over the foot. This must be more precisely defined as equal
medial to lateral distribution of weight, because more weight
is normally placed on the caudal half of the foot. Caudal to
cranial imbalance has been defined as deviation in the hoof
alignment or as problems with heel support.

Six hoof balance abnormalities have been described:
broken hoof axis, underrun heels, contracted heels, shear
heels, mismatched hoof angles, and small feet. A broken hoof
axis exists when the slopes of the pastern and hoof are not
the same. This condition is further defined as broken-back,
when the hoof angle is lower than the pastern angle, and as
broken-forward when the hoof angle is steeper than the
pastern angle. Underrun heels have been defined as angle of
the heels of 5° less than the toe angle. Contracted heels were
defined as frog width less than 67% of the frog length.
Sheared heels have been defined as a disparity between the
medial and lateral heel lengths of 0.5 cm or more. Small feet
(small feet to body size) was defined as a weight to hoof area
ratio of greater than 78 pounds per square inch.
Quantification of hoof balance has been previously described
in this chapter.

One of the most difficult parameters to assess is the hoof ’s
ability to expand. Expansion of the foot is necessary for
optimal concussion protection. Protection from concussion
also depends on an elastic frog/digital cushion and pliable
collateral cartilages.50 Applied clinical studies have shown
that the frog size influences hoof expansion. A frog in contact
with the shoe or ground surface provides more hoof expan-
sion than a frog that has no contact.51 Identification of a
narrow, recessed frog should alert the clinician that steps
need to be taken to promote hoof expansion. These may vary
from simply ensuring proper heel support to encouraging
hoof expansion through the use of swedged or slipper heels
on the shoes.

As previously discussed, shoeing parameters must be
individualized for each horse. However, in most horses with
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heel pain the following changes are made in most instances.
Trim and balance the feet to eliminate hoof/pastern axis
abnormalities, and underrun heels. Lateromedial radi-
ographs may be used to determine hoof/pastern axis and
to assess improvement of the axis following shoeing
(Fig. 15.15). Shoe to raise the heels 2–3°, ease the breakover
by rolling the toe, and provide heel support for horses with

underrun heels. Decrease concussion to the foot by providing
more surface area of contact (wide-web) or padding. Horses
with contracted heels may benefit from shoes that encourage
heel expansion during weight bearing, such as swedged heel
shoes (outside rim of shoe at the heels is slightly lower than
the inside rim: during weight bearing the hoof is encouraged
to ‘slide out’), or shoes that are not nailed caudal to the quar-
ters. These practices will decrease stress on the DDFT and
pressure of the DDFT over the navicular bone. Effective shoe
types include wide-web aluminum shoes (more concussion
protection than steel, less weight on distal limb), egg bar
shoes (provide heel support), and ‘Sneakers’ (the widest-web
available, with a polyurethane contact surface that provides
the best concussion protection). Egg bar shoes may be filled in
with resilient sole packing material to increase the surface
area of weight bearing and provide further concussion
protection (Fig. 15.16).

Inflammation is reduced by systemic administration of
phenylbutazone (4.4–6.6 mg/kg daily) for 30 days. The 
DIP joint may also be medicated with triamcinolone (6 mg)
and hyaluronic acid (HA; 20–40 mg). The intra-articular
medication will treat coffin joint arthrosis directly, and 
also diffuse to navicular structures. Treatment with HA 
or PSGAGs is usually continued by intramuscular or 
intravenous routes.

Isoxsuprine HCl has also been used to treat navicular
disease. It is a peripheral vasodilating agent that has been
shown to improve lameness of horses with navicular syn-
drome.52 The drug also may have anti-inflammatory and
rheological properties that contribute to its efficacy. Treat-
ment is continued initially for 6 weeks, if no effect is noted,
discontinue its use. If a beneficial response is found treatment
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Fig. 15.15
Lateromedial radiographic projections of the distal limb. (A) Marked broken-back hoof pastern axis prior to shoe reset and
trimming.This conformation results in excessive strain on the palmar aspect of the foot. (B) Improved hoof–pastern axis following
trimming and placement of a larger heel wedge pad.

Fig. 15.16
Palmar view of a foot shod with an egg bar shoe.The sole is
filled with resilient polyurethane packing material that
provides further concussion protection and distributes weight
over a larger surface area.



may continue at once daily dosing. The drug is administered
orally at 0.6–1.2 mg/kg q 12 h.

Two surgical options for treatment of navicular syndrome
and palmar heel pain exist: navicular suspensory desmotomy
and neurectomy. Desmotomy is indicated in horses not respond-
ing to medication and shoeing over a minimum of 20 to 
30 weeks. The desmotomy procedure involves transecting the
ligaments near their origin on the distal abaxial aspect of the
proximal phalanx at the level of the proximal interphalangeal
joint. Results may be due to reduced mechanical loading of the
navicular bone associated with a slight shift in its position rela-
tive to the DDFT. There are virtually no adverse sequelae to the
procedure. Horses are hand walked for 4 weeks after surgery
and a gradual improvement starts in about 6 to 8 weeks.
Seventy-six percent of horses treated with this technique 
were sound 6 months following surgery, with 43% sound at 
36 months. Horses that were lame less than 10 months at the
time of surgery were more likely to be sound than horses that
were lame longer than 18 months.53

Neurectomy is the last option for treatment. Expect compli-
cations in 30% of the horses following neurectomy including
incomplete denervation, regrowth of nerves, neuroma forma-
tion, unrecognized injury/abscess at desensitized heels.54 In a
follow-up study of neurectomy, 74% of horses were sound 
1 year after surgery with 63% sound 2 years after the
procedure.54

Prognosis Shoeing alone is a very effective method to treat
heel pain and navicular syndrome. When correction is made
within the first 10 months of lameness, up to 96% of horses are
successfully treated. This is in contrast to when shoeing changes
are not made until after 1 year of lameness, where only 56% of
the cases have been successfully treated.49 Addition of medica-
tions such as phenylbutazone and isoxsuprine improve the
opportunity for soundness of horses with palmar foot pain.

Etiology and pathophysiology

Etiology There are numerous causes of pain in the palmar
aspect of the foot of the horse. These causes can be divided arbi-
trarily into conditions of the hoof wall and horn-producing
tissues, conditions of the third phalanx, and conditions of the
podotrochlear region. Hoof problems would include hoof wall
defects, such as cracks or clefts that involve the sensitive tissue;
any laminar tearing, separation or inflammation; contusions of
the hoof causing bruising or corn formation; abscess formation;
and pododermatitis (thrush or canker). Third phalanx lame-
nesses blocked out by a palmar digital anesthesia would include
wing fractures, marginal fractures, solar fractures, or deep
digital flexor insertional tenopathy. Conditions of the podotro-
clear region have been reported to include distal inter-
phalangeal synovitis, deep digital flexor tendonitis, desmitis of
the impar (distal navicular ligament) or collateral sesamoidean
ligaments, navicular osteitis or osteopathy, and vascular disease.
The common denominator of all these conditions is that they
are characterized by pain that can be localized to the palmar
aspect of the hoof.
Pathophysiology Local vascular disturbances and bio-
mechanical stresses constitute the two major hypotheses for

the pathogenesis of navicular syndrome. Colles believed that
thrombosis of arterioles supplying the navicular bone and
consequent ischemia led to degeneration of the bone,
increased size of the so-called ‘vascular channels’ of the
distal border and the pain.55 Agents that promoted blood flow
to the distal limb such as heparin and warfarin were used suc-
cessfully to treat navicular lameness based on this hypothesis,
but this hypothesis has never been proven.

A unifying hypothesis for the cause of navicular disease
which is based on pathologic findings has been promoted by
Pool et al.56 Changes associated with navicular syndrome are
thought to be similar to degenerative joint disease found else-
where in the horse. Repeated excessive biomechanical stresses
on the flexor surface of the navicular bone result in fibrocarti-
lage degeneration. Decreased shock absorption by the cartilage
results in subchondral bone sclerosis. Defects in the cartilage
may fill with granulation tissue, which can lead to adhesions
between the navicular bone and DDFT. Inflammation associated
with these degenerative changes causes excessive bone resorp-
tion, especially around synovial tissue attachments and may
result in the increased synovial fossae of the distal border and
medullary cysts seen on radiographic examinations.

Predisposing factors for lameness of the palmar heel region
include faulty conformation such as long toe/ underrun heel,
long sloping pastern, and small foot for large body mass. Horses
used for jumping, or which are used frequently on hard footing,
are also predisposed to this lameness.

Miscellaneous diseases of
the distal limb

Underrun heels

Underrun heels have been defined as occurring when the angle
at the heels is 5° less than the toe angle. Underrun heels are the
most commonly encountered hoof abnormality (see Fig. 15.1).
If left uncorrected, underrun heels can cause alterations in
hoof-wall growth that can be very difficult to correct and it can
predispose to lameness problems that range from bruised heels
to navicular syndrome. In dealing with underrun heels it is
important to assess several factors. The first is palmar hoof
support. This is most easily assessed by radiography and observ-
ing where the heel ground contact is relative to the widest part
of the hoof and relative to the navicular bone. It is generally
accepted that at least half of the weight-bearing area of the foot
should be palmar to the widest part of the foot. If this is not the
case, the second assessment is of the orientation of the horn
tubules in the heel region. With long-term hoof imbalance
these tubules grow more horizontally. The proper position of the
heels can be determined by either drawing a bisecting line
through the metacarpus to the ground or by measuring the
appropriate position on the radiograph. Where these lines
contact the ground is the point where the heels should be. From
a practical point, the heel–ground contact should be even with
the base of the frog. Shoeing to achieve adequate heel support
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can frequently restore the foot health. In some cases, however, it
requires rebuilding the heels with acrylics or urethanes and
altering the stresses on the coronary band to get the heel growth
to improve. Some cases if uncorrected for too long, simply
cannot be corrected.

Upright hoof

The upright or ‘club’ hoof is another frequently encountered
problem. Most veterinarians consider this to be a problem when
the hoof angle exceeds 60° (see Fig. 15.2). However, a more
important consideration is the hoof–pastern axis. This axis
should form a straight line when the horse is standing square.
When the pastern angle is less than the hoof angle, this causes
a ‘broken forward’ hoof axis (Fig. 15.17). The problem with this
conformation is that in order to correct it, the hoof angle must
be decreased. However, if the difference is more than 5° the deep
flexor tendon will not allow further correction.

This can lead to several problems, such as hoof capsule sep-
aration, toe bruising, and coffin joint inflammation. A number
of correction possibilities exists. In horses less than 2 years of
age, extensions are placed on the toe either by shoeing or the
application of acrylics or urethanes. This will cause stretching
of the deep flexor tendon and muscle and slowly allow the hoof
to assume a normal conformation. A problem with this method
is that the stretching can actually lead to tendon injury and in
some cases cause the problem to become worse.

A unique approach that has merit especially in acute cases is
the use of heel wedges and rest. Raising the heel reduces deep
flexor tendon stress and rest will allow the flexor muscle and

tendon to relax. Wedges are continued for approximately 2
weeks. The hoof may then be trimmed or shod in a normal posi-
tion. If shoeing fails to correct the axis deviation correction of
this problem can always be made by inferior check (accessory
ligament of the DDFT) desmotomy. Transection of the check
ligament permits elongation of the flexor tendon/muscle unit.
Application of a corrective shoe or acrylic toe extension is
usually performed at the time of surgery. Correction of the hoof
abnormality is critical to the success of club-foot confirmation
due to flexor tendon contracture.

Distal interphalangeal (coffin) joint
arthrosis

Distal interphalangeal (DIP) joint arthrosis is a lameness
referable to the distal limb and localized to the distal inter-
phalangeal joint with no evident radiographic abnormalities.
This lameness is commonly found in many performance
horses, particularly racing Quarter Horses, polo ponies, and
horses that compete over fences. Horses that respond to DIP
joint anesthesia should be treated for inflammation of that
joint. Treatment may include parenteral NSAID therapy but
intra-articular therapy or specific joint therapy should be
considered. Hyaluronan and corticosteroids are commonly
injected within the DIP joint for treatment.

Occasionally, horses affected with DIP joint arthrosis also
have a chronic broken forward hoof–pastern axis. Many of
these cases appear to be mild flexural deformities. Because of
the malarticulation of the second and distal phalanges, the
joint may remain inflamed despite therapy. In these cases,
inferior check desmotomy to allow correction of the broken
forward axis has been a very useful method to correct the
hoof–pastern axis.

Keratoma

Keratoma is a rare benign tumor produced by the keratin-
producing cells of the coronary band. The tumor becomes a
space-occupying mass that causes pressure necrosis of the
soft tissues and distal phalanx resulting in lameness, and may
cause drainage from the white line or coronary band. Dif-
ferential diagnoses include distal phalanx fracture, deep 
sole abscess, ‘gravel’, or corn. The diagnosis is suggested by
radiographs that show smooth, circumscribed lysis of the
distal phalanx. Treatment is excision via an approach
through the hoof wall or sole. The mass is reminiscent of an
onion: it has many layers that must be peeled away.

Collateral cartilage: side bone, quittor

Side bone is normal mineralization of the collateral cartilages
and occurs in most adult horses. Mineralization may be accel-
erated by local trauma and is more prevalent in draft horses.
Lameness is rarely associated with side bone but excessive
mineralization could interfere with expansion of the heels
during weight bearing.
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Fig. 15.17
Lateromedial radiographic projection of the distal limb with
broken forward hoof pastern axis.This axis deviation is likely
caused by flexural contraction of the deep digital flexor
tendon.



Quittor is infection and necrosis of the collateral cartilages,
usually due to trauma. The horse has localized pain and
swelling at the coronary band region of the heels and may have
a draining tract. Treatment is excision of the affected cartilage.

Thrush

Thrush is a degenerative condition of the frog and sulci due to
excessive moisture, poor hoof hygiene, or filthy stabling condi-
tions. It is characterized by a dark gray or black discharge
around the frog, and poor-quality frog tissue. Fusobacterium
necrophorum is frequently isolated from thrush-affected feet.
Treatment consists of paring away affected tissue, cleaning the
environment and providing dry bedding, and application of
astringents. Simple cases respond well to daily application of
povidone–iodine but formalin, phenol, strong tincture iodine,
and copper sulfate have also been used alone or in varying com-
binations. One simple caveat: do not use Kopertox®, a liquid
over-the-counter preparation consisting of copper napthanate.
The liquid results in a gummy, sealed sole that traps moisture
within the foot and results in accumulation of stall debris to its
sticky surface.

Canker

Canker is an uncommonly encountered chronic proliferation
of the keratinized tissues of the sole and/or frog and is usually
associated with poor foot hygiene (Fig. 15.18). Canker may
initially appear similar to proliferative granulation tissue but

the tissue usually becomes white in color, bleeds easily on
manipulation, and has a bad odor. Purulent exudate is often
admixed with the tissue. Lameness is usually present because
the proliferative tissue is very sensitive. Differential diagnosis
includes severe thrush, large ‘corns’, and extensive underrun
sole abscess.

Treatment is difficult and involves debridement of the prolif-
erative tissue, cleaning the foot surfaces and application of
topical antibiotics and astringents. The proliferative tissue may
be removed with electrocautery, laser, or with cryosurgery.
Astringents such as 5% picric acid or 10% neutral buffered for-
malin solution may be applied to the tissue. Debridement of the
tissue is gradually made manually or by applying a saturated
solution of benzoyl peroxide dissolved in acetone daily until the
excessive keratinized tissue is all debrided. Metronidazole tablets
ground into a powder and applied to the tissues are effective at
controlling the bacterial infection. Prognosis for successful
treatment is always guarded.

Corns

Corns are usually found in the front feet at the angle formed by
the hoof wall and bars. Shoes left on too long or shoes that
overlap the bars and frog too much and irritate these tissues are
implicated in the formation of corns. Corns may be dry, moist or
suppurating. The tissue often appears similar to proliferative
granulation tissue, but is usually only found in a localized area
at the heels. The tissue is usually quite sensitive to palpation.

Treatment is similar to that used for canker, but usually
does not require extensive tissue debridement.

Sole bruise

Sole bruises occur when vessels in the solar corium are trau-
matized and bleed. The hemorrhage is trapped with the solar
tissues and causes varying degrees of lameness. Bruises are
evident as discoloration of the affected sole that is painful to
hoof tester application. Occasionally bruises will become
contaminated and develop into a subsolar abscess.

Poor-fitting shoes, thin soles, and riding on hard terrain all
are potential factors that contribute to solar bruising. Initial
treatment is administration of NSAIDs, poulticing of the foot
and removal of any inciting cause. Poor fitting or loose shoes
should be removed. When the initial discomfort resolves the
shoe should be reset. A full pad should also be used for feet
with extensive bruising.
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during sport performance and the distal location of these joints
puts them at higher risk for fractures and breakdown.

Fractures of the fetlock
joint

● Signs include acute lameness that often resolves in days,
joint effusion and pain on flexion.

● Radiography confirms the diagnosis.
● Treatment is arthroscopic removal or internal fixation

based on size and location of fragment.

Osteochondral (chip) fractures

Recognition

History and presenting complaint Most articular chip
fractures of the fetlock are of the eminences of the proximal

The fetlock joint is a rotary joint that can exhibit the greatest
range of motion of any equine joint, ranging from 120° of
extension to 120° of flexion, particularly during athletic
events such as racing or jumping (Fig. 16.1). This high
degree of activity makes this joint particularly susceptible to
exercise-induced wear and indeed, the fetlocks are commonly
associated with injury and signs of degenerative joint disease.
The pastern joint, by contrast, is a low range of motion joint
exhibiting ~30° range of motion in the normal horse 
(Fig. 16.2). The pastern is less frequently afflicted with injury
or degenerative wear than the fetlock, although its location
just above the hoof and at the termination of the suspensory
apparatus makes it vulnerable to high-impact, traumatic injury.
Degenerative joint disease (high ringbone) frequently follows
pastern joint injury. The combination of high-impact loading

Distal limb: fetlock 
and pastern
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The wide range of joint motion and intra-articular pressures
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phalanx (P1) and are relatively common in the forelimb of the
horse, particularly the sport horse (Fig. 16.3). In race horses,
the left forelimb and medial eminence are affected more often.
Other less frequently occurring fractures of the fetlock include
fractures of the palmar/plantar eminences which, if articular
and small, can be successfully removed arthroscopically with a
good prognosis (~ 70%) for return to performance. These frac-
tures, however, may be associated with subluxation of the
fetlock joint and/or disruption of a palmar/plantar osteochon-
drosis lesion.1–3 Careful evaluation of the joint is indicated to
identify this more complex injury which can include injury to
the collateral ligaments and distal sesmoidean ligaments.

Palmar/plantar fractures of the proximal phalanx are
uncommon and should not be confused with osteochondral
fragmentation of this site in young growing horses.3

Developmental osteochondral fragmentation of the caudal
eminences of the proximal phalanx occurs in ~5% of
Standardbreds and Thoroughbreds without clinical signs in
most horses. Clinical signs can occur as a high-performance
lameness in which case fragments can be arthroscopically

removed. True fractures of the caudal eminences of the prox-
imal phalanx usually cause lameness and soreness to direct
pressure over the eminence. Developmental osteochondral
fragmentation in this location should not induce pain to
pressure.
Physical examination Horses that sustain fetlock chip
fractures develop clinical signs within hours after the injury.
Clinical signs include fetlock joint effusion, pain on fetlock
flexion and lameness at the trot. Soreness resolves within
weeks with stall rest and anti-inflammatory medication.
Chronic chip fractures are usually associated with general-
ized fetlock joint disease and may have capsular fibrosis,
dorsal enlargement and reduced range of joint motion. Joint
effusion, however, may or may not be present. Lameness may
resolve with rest and return with athletic use.
Special examination In chronic fractures of unknown con-
tribution to a lameness, direct intra-articular fetlock anesthesia
may be indicated to localize the soreness to the intra-articular
structures. Resolution of the lameness with a fetlock block
would support arthroscopic exploration and fragment removal.
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Fig. 16.3
Dorsolateral to palmaromedial oblique radiograph of the
fetlock joint demonstrating a typical dorsomedial
eminence first phalanx osteochondral ‘chip’ fracture.



Diagnostic confirmation Diagnosis is confirmed with
radiography, to include four views of the affected fetlock joint
and the contralateral fetlock if surgery is to be considered.
Osteochondral fragments are readily visible on the oblique
radiographic views (see Fig. 16.3).

Nuclear scintigraphy can be used to distinguish fractures
from incidental caudal eminence fragments.

Treatment and prognosis

Therapeutic aims Osteochondral fragments are removed,
usually with arthroscopy, to decrease painful synovitis and to
prevent further degenerative joint disease.
Therapy In horses with continued athletic expectations,
acute fractures are preferably removed arthroscopically unless
they are completely non-displaced. In non-displaced fractures a
follow-up radiograph at 30 days is indicated as many of these
fragments go on to displace and result in a non-union. In
chronic chip fractures, other lesions commonly seen include
proliferative synovitis of the dorsal metacarpal synovial pad
(32% of which have chip fracture) and cartilage erosion of the
metacarpal condyle.4 Two to four months’ rest is recommended
before training is resumed depending on the degree of joint
damage and cartilage debridement.

Fractures that continue to be a source of pain or are large
enough to secure with a bone screw can be treated surgically.
Injury to the collateral ligaments in conjunction with
palmar/plantar fractures of the proximal phalanx should be
supported by cast or support boot for 4–8 weeks to minimize
joint laxity and osteoarthritis. Reconstruction of the liga-
ment has been reported but is generally felt not to be necess-
ary to regain use of the joint. Palmar/plantar eminence
fracture healing is poor due to distraction by the distal 
sesmoidean ligament insertions and usually requires 
4–6 months’ rest.
Prognosis The prognosis for return to athletic perform-
ance, including elite performance, is ~80% with arthroscopic

surgery to remove fragments. Concomitant injuries to the
fetlock lower the prognosis.5–8

Etiology and pathogenesis

Etiology Concussion and overextension of the joint, exac-
erbated by fatigue, are factors in the production of these frac-
tures and suspensory apparatus injury (Fig. 16.4). The
overextension causes pinching of the dorsal eminences and
dorsal metacarpal synovial pad.

Prevention

Incidence of fracture may be reduced by use of elastic band-
ages placed over the fetlock in a snug figure-of-eight
configuration during hard workouts. The bandage absorbs
some of the kinetic energy in the limb, thereby reducing the
kinetic energy absorbed by the tissues supporting the fetlock.

Proximal sesamoid bone fractures

● Sesamoid fractures are most common in race horses.
● Apical fractures occur most commonly, followed by basilar

and midbody fractures.
● Treatment is excision for fragments less than one-third 

the size of the entire bone and internal fixation for larger
fractures.

● Prognosis may be affected by suspensory branch desmitis.

Fractures of the proximal sesamoid bones are a common frac-
ture of the fetlock joint. Most are articular although non-
articular (suspensory avulsion) fractures occur and can be
distinguished by lack of joint effusion and firm swelling 
over the caudal aspect of the bone. Fetlock breakdown,
including sesamoid fractures, is the most common fatal frac-
ture in racing Thoroughbreds and Quarter Horses.9 Sesamoid
fractures are categorized as apical, abaxial (articular and
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Fig. 16.4
Finish-line photograph demonstrating the
extreme dorsiflexion of the fetlock joint at the
finish of the race with fatigue and maximal
loading.



non-articular), midbody, basilar (articular and non-articu-
lar), sagittal and comminuted.10

Sesamoid fractures are most common (53.4%) in 2-
year-old and then 3-year-old (23%) race horses. Apical
sesamoid fractures are the most common, comprising over
88% of sesamoid fractures with an approximately equal dis-
tribution between the right and left limbs (Fig. 16.5). Apical
fractures are frequently articular and singular, rarely 
comminuted and usually involve less than one-third of the
bone.

Basilar fractures are more common in the Thoroughbred
than the Standardbred, comprise 6% of sesamoid fractures in
Standardbreds and represent an avulsion fracture associated
with the distal sesamoidean ligaments. Basilar fractures are
often comminuted into two pieces through a sagittal separa-
tion. These fractures can vary in size, from the smaller, trian-
gular articular pieces to the larger fragments with a
significant non-articular component.

Abaxial fractures appear to be more common in
Thoroughbreds and Quarter Horses than in Standardbreds

(3% of sesamoid fractures).11,12 These can be difficult to diag-
nose and may require an additional tangential projection on
the radiographic examination to identify their exact location
or can be identified on the craniocaudal view.13 Articular
abaxial fractures will have joint effusion.

The midbody transverse fracture is seen most frequently in
the Thoroughbred, older Standardbreds (mean age 6.5 years)
and in young foals under 2 months of age. Most have a
several millimeter gap and are distracted at the caudal
surface. Fracture of both sesamoids usually results in com-
plete loss of suspensory support and a ‘dropped’ fetlock
(hyperextended during loading).10

Recognition

History and presenting complaint As with other fetlock
fractures, horses become lame with joint effusion within
hours of injury. Non-articular sesamoid fractures may not
have joint effusion and swelling may be directly over the
abaxial surface of the sesamoid.
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Fig. 16.5
Oblique radiograph of a typical displaced apical sesamoid
fracture. Recommended treatment is arthroscopic
removal.



Physical examination Clinical signs include lameness
which is very pronounced in acute stages. Associated suspen-
sory desmitis may confuse the diagnosis if radiographs are
not taken. The horse evidences pain when pressure is applied
to the affected bone. After 1–2 weeks’ rest, lameness at the
walk and trot may not be obvious but joint effusion persists.
Diagnostic confirmation Diagnosis is confirmed with
radiography (see Fig. 16.5). Non-displaced fractures may be
hard to see with plain radiography. The addition of the
skyline projection of the abaxial surface of the sesamoid bone
may help identify the exact location of fractures on the
abaxial surface.13 Suspicious but unconfirmed fractures
should have a repeat radiograph taken after 2–4 weeks of
stall rest or nuclear scintigraphy can be performed.

Treatment and prognosis

Therapeutic aims Most fractures should be surgically
removed, usually arthroscopically, for the fastest return to
athletic function and soundness. Large fractures may be best
treated with internal fixation. Stall rest may be satisfactory
for incomplete sesamoid bone fractures.
Therapy Preferred treatment for articular sesamoid frac-
tures (apical, basilar or abaxial) of less than one-third of the
bone is arthroscopic removal to provide the most rapid return
to athletic use and least risk of degenerative joint disease and
sesamoid reinjury. Stall rest (with or without soft cast or
external coaptation) for 3–4 months may achieve fibrous or
partial bony union, but management is prolonged, weaken-
ing of the bone is anticipated and continued soreness or
refracture can occur due to failure of complete bony
union.12–17 Non-articular fractures can be removed, but con-
servative treatment is considered to produce similar out-
comes and is generally recommended. Midbody transverse
fractures affecting the middle third of the proximal sesamoid
bones can be treated successfully with lag screw fixation or
circumferential wiring to provide postoperative bone com-
pression and immobilization.13,18–21

Fractures involving disruption of both sesamoid bones are a
common cause of breakdown in speed horses.9 Many of these
horses are humanely euthanized due to compounding of the
injury (disruption of the skin) or loss of vascular supply. Horses
without an open injury and with immediate support to the
limb with a support splint can be salvaged for breeding or
retirement. The preferred management is appropriately timed
surgical arthrodesis for the fastest return to comfort and to
reduce the risk of contralateral laminitis from overloading22

(see Fetlock luxation below). Fractures of the sesamoid can
occur in conjunction with a condylar fracture of the metacar-
pus or metatarsus. This concomitant injury significantly
reduces the prognosis for returning to sport athletics even with
repair of the condylar fracture.23 These sesamoid fractures are
usually sagittal and axial from avulsion of the intersesmoidean
ligament that occurs when the condylar fracture displaces. The
fractures indicate significant soft tissue injury to the fetlock
joint and degenerative joint disease is likely to develop.
Prognosis The prognosis for most simple sesamoid fractures
ranges from fair to excellent. Eighty-eight percent of

Standardbreds with apical fractures,24 71% of Thoroughbred
or Quarter Horse race horses with abaxial fractures,12 50–60%
of Thoroughbreds with basilar fractures14,17 and 50–60% of
Standardbreds with midbody fractures repaired by either lag
screw fixation or circumferential wiring can return to
racing.18,19 Conservatively managed basilar or midbody frac-
tures are most likely to develop significant degenerative joint
disease and restricted range of joint motion. If both sesamoids
are fractured, the prognosis is less favorable.

Etiology and pathogenesis

Etiology Sesamoid fractures are a result of excessive forces
within the bone, generated by the tension of the suspensory
apparatus during loading and occasionally contributed by
direct concussion with the ground during fatigue–fetlock
‘rundown’11,13,14,23 (see Fig. 16.4). The forelimbs are most
frequently affected in flat racing, whereas the hindlimbs are
more frequently affected in Standardbreds. Displaced frac-
tures are common due to the pull of the suspensory ligament
proximally and the distal sesamoidean ligaments distally.

Severe blunt trauma to the sesamoid bone can cause
highly comminuted fractures. The fetlock can contact the
ground in an athletic event or at the time of a uniaxial
sesamoid fracture. Fractures caused by ‘running down’ or
interference are most likely to also contain a wound.
Pathophysiology Although the vascular pattern of
sesamoid bones may be implicated in site selection of frac-
tures as the orientation and distribution of vessels corre-
spond to the configuration of apical fracture patterns,25 the
sesamoid fracture or the predisposition for sesamoid fracture
has not been associated with the presence of sesamoiditis.
Sesamoiditis describes a condition of sesamoid pain that
demonstrates radiographic lucencies which parallel vascular
channels seen radiographically.25

Prevention

Protective and support bandages for the fetlock can be worn
during hard workouts to help prevent direct injury to the
sesamoid and to reduce strain in the suspensory apparatus
during loading. Appropriate training can result in strength-
ening and conditioning of the bone which is important to
help prevent sesamoid fractures. Smooth racing surfaces may
help prevent missteps.

Longitudinal fractures of the first
phalanx

● Fractures may be complete or incomplete.
● Most fractures are treated with internal fixation.
● Some proximal incomplete fractures will heal with stall rest.

The first phalanx is prone to sagittal and, less commonly,
frontal plane longitudinal fractures that occur during heavy
exercise (Fig. 16.6). Almost all of these fractures are initiated
at the articular surface of the fetlock joint and propagate dis-
tally.26 Patterns of propagation for sagittal fractures include
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spiral fractures toward the pastern joint and/or lateral devia-
tion toward the cortex (Fig. 16.7). If fractures extend into the
pastern joint or exit the lateral cortex, they are considered
complete. Many sagittal fractures are incomplete and propa-
gate distally for varying distances, ranging from < 1 cm
(short incomplete) to 5–6 cm (long incomplete) and ending
just above the pastern joint.27,28 Complete fractures can be
displaced or non-displaced. Incomplete fractures are non-
displaced or minimally displaced. A small proportion of sagit-
tal fractures can also contain frontal plane fractures 
(Fig. 16.8). If this combination of fractures occurs it is highly
predisposed to displacement (comminution) since the sagittal
ridge of the metacarpus/tarsus acts as a pile driver upon
loading, even with the limb in a cast or splint. Securely posi-
tioning the limb vertically on the toe minimizes this effect.

A portion of these fractures will also have a third fracture
plane (transverse or coronal) which commonly results in
complete instability and displacement of the fragments (com-
minution). Displaced, comminuted fractures are categorized
by the presence or absence of an intact strut of bone from the

proximal metacarpal/tarsophalangeal joint to the proximal
interphalangeal joint. Prognosis for successful surgical
reconstruction is greater if an intact strut of bone is pre-
sent due to the longitudinal support to prevent collapse 
and providing a secure anchor for reconstruction of
fragments.26

Frontal single plane longitudinal fractures can occur in the
first phalanx, but are much less common than sagittal frac-
tures (see Fig. 16.6). Clinical signs, treatment and outcome are
as for sagittal fractures.29 If a frontal plane fracture is identified
on a lateral radiograph, an additional sagittal plane fracture
should be suspected and ruled out.

Recognition

History and presenting complaint Most first phalanx
fractures occur at racing speeds and therefore are closely
associated with heavy workouts or competitive events. More
severe fractures are associated with immediate lameness and
rapid swelling (within minutes to hours).
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Fig. 16.6
Lateral radiograph of a typical frontal plane dorsal first
phalanx fracture.



Physical examination Clinical signs of longitudinal frac-
tures include lameness, which is immediate for all but the
short incomplete fractures, fetlock joint effusion and pain on
joint manipulation early after injury. Pain can be elicited by
squeezing the P1 bone, particularly proximally. Lameness
can resolve with stall rest within days to weeks with incom-
plete fractures, particularly short fractures, and local
swelling may be imperceptible. Complete fractures usually
result in a non-weight bearing lameness that persists and
swelling in the pastern is present.
Special examination A first phalanx fracture should be
suspected in any competitive horse, particularly a race horse,
that is lame the day after the race and has fetlock joint effu-
sion. The horse should not be jogged excessively or jogged fol-
lowing a nerve block to the distal limb as complete bone
failure may occur.
Diagnostic confirmation The diagnosis can usually be
confirmed with a complete series of radiographs. Most frac-
tures are evident on the craniocaudal view (sagittal fractures)
or lateral view (frontal plane fractures). Acute non-displaced
first phalanx fractures can be undetectable by radiography. If

a high degree of suspicion for a first phalanx fracture persists
due to clinical signs and history, the radiographs should be
repeated in 2–4 weeks or a nuclear scan performed. Horses
with a confirmed fracture should remain on stall rest with
appropriate coaptation for the fracture configuration until
surgery, if elected.

Treatment and prognosis

Therapeutic aims The goals of therapy are to prevent
worsening or displacement of an existing fracture with stall
rest and coaptation and surgical treatment to provide imme-
diate reduction and compression of the fracture. Internal
fixation provides the most rapid healing and best joint 
alignment.
Therapy Most sagittal and frontal plane first phalanx frac-
tures are best treated with surgical lag screw compression if
the fracture length on radiograph is > 1 cm26–29 (see Figs
16.7, 16.8). In non-displaced fractures, screws can be placed
in lag fashion through small stab incisions. In displaced frac-
tures an incision can improve exposure to ensure anatomic
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Fig. 16.7
Craniocaudal radiograph of a recently repaired typical
complete sagittal first phalanx fracture.The fracture
originates near the sagittal groove and exits the lateral
cortex.



reduction prior to screw placement. Comminuted fractures
that have lost an intact strut of bone support from the fetlock
to the pastern joint are best treated ideally for several weeks
with diverted loading through coaptative devices.30 Positive
profile transfixation pins in the metacarpus/tarsus supported
with a cast or use of an external fixator apparatus have been
successful in managing these fractures and can be used in the
presence of open wounds.
Prognosis The prognosis for return to athletic use follow-
ing repair is good to excellent (> 70%) for non-comminuted,
incomplete, non-displaced fractures and complete fractures
that exit the lateral cortex.26–28 The prognosis following
repair for complete fractures that enter the pastern joint is
lower (49%).27 The prognosis for complete fractures is also
good if surgical repair effectively compresses the fracture
with minimal displacement in the pastern joint. Repair of dis-
placed complete fractures or comminuted fractures can
achieve pasture soundness and breeding soundness, but ath-
letic soundness is usually compromised.

Etiology and pathogenesis

Etiology Sagittal first phalanx fractures occur as the sagit-
tal ridge of the metacarpal/tarsal condyle is loaded rapidly
into the first phalanx during galloping (see Fig. 16.1). The
shape of the bones and the rotation during movement create
torsional forces within the bone, resulting in the classic spi-
raling fracture.
Pathophysiology Preceding bone pathology is not neces-
sary for this fracture to occur and it is considered a high-
speed casualty.

Proximal sesamoiditis

● Lameness localized to the fetlock and suspensory branches.
● Radiographically apparent widened vascular channels in

the sesamoid confirms the diagnosis.
● Reduced exercise level and time for bone remodeling are

necessary.
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Fig. 16.8
Lag screw repair of a comminuted first phalanx fracture.
Frontal and sagittal fracture planes required fixation in
multiple planes.The fracture was complete into the
pastern joint.



Recognition

History and presenting complaint Sesamoiditis is a
condition characterized by pain and associated lameness
located to the proximal sesamoid bones and attachment of
the suspensory branches.
Physical examination Pain, heat and inflammation are
detected at the insertion of the suspensory ligament early in
the disease, but usually marked lameness and limitations on
performance occur without any clinically detectable signs.31,32

Lameness is usually obvious, particularly after exercise. Pain
on pressure over the abaxial surface of the sesamoid bone and
on fetlock flexion is typical. A distal metacarpal nerve block,
but not an intra-articular fetlock block, will locate the lameness
to the extra-articular structures of the fetlock. Additional diag-
nostic tests would include radiographs and ultrasound exami-
nation of the suspensory ligament.
Special examination Primary disease of the suspensory
ligament or distal sesamoidean ligament can accompany the
bone pain and should be evaluated with diagnostic ultrasound.

Radiographs can reveal a range of changes from acceler-
ated early remodeling response in the bones (increased size
and number of vascular channels) to marked proliferation of
bone along the abaxial margin of the sesamoid and increased
bone density of the sesamoid (Fig. 16.9). Some radiographic
changes associated with chronic sesamoiditis are persistent
and present in sound performing horses.

Nuclear scintigraphy usually demonstrates increased
radiopharmaceutical uptake in the sesamoids of greater
degree than bone remodeling associated with training and of
lesser degree than sesamoid bone fracture.
Diagnostic confirmation The diagnosis is confirmed
with a combination of radiographic changes indicated above,
lameness that locates to the fetlock area and fetlock lameness
that does not locate intra-articularly with a fetlock joint
block. Ultrasound examination of the suspensory ligament is
often normal.

Treatment and prognosis

Therapeutic aims The goal of therapy is to reduce bone
pain so that a convalescent training program can be initiated
to strengthen the bone. Bone remodeling will need to occur to
permit the sesamoids to accommodate to the high-tensile
strains of competitive sport without reinjury.
Therapy Initial therapy is stall rest, anti-inflammatory
and pain medication to eliminate lameness. With a convales-
cent exercise program, bone remodeling can conclude, heal
the injury and suspensory strength be regained.31

Treatment is palliative, including anti-inflammatory med-
ications, physical and adjunctive therapy and supportive wraps
in the acute phases. X-ray and �-ray radiation, laser heat appli-
cation, shock wave therapy and a balanced mineral diet are
considered by some to be valuable in this condition. Rest from
athletic activities is necessary until soundness is achieved. A
convalescent exercise program would include lower levels of
exercise that would stimulate bone strengthening, but not
induce pain or bone damage. Typical pro-grams are prolonged,
similar to suspensory ligament injuries (7–9 months). Pain can
recur upon return to original levels of performance and may
force retirement or a reduction in level of athletic competition.
Prognosis The specific prognosis is case dependent and
can range from poor for severe cases with concomitant sus-
pensory ligament injury to good for cases with mild lameness
and minimal radiographic changes.

Etiology and pathogenesis

Etiology The etiology is considered to be excessive strain to
the suspensory apparatus around the fetlock, including the
sesamoid bones and the insertion of the suspensory ligament
branches.
Pathophysiology The intraosseous blood supply to the
sesamoid bone enters through a series of abaxial vascular
channels that correspond to the enlarged channels seen 
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Fig. 16.9
Typical radiographic appearance of sesamoiditis
with wide and prominent vascular channels.



radiographically in sesamoiditis, indicating bone resorption.
This may represent the initiation of the remodeling response
to bone stress of training or may reflect an increase in blood
flow due to inflammation and injury to the suspensory liga-
ment, or both.25 Sesamoid bone remodeling is a normal
response to training and only if stresses exceed the capability
to strengthen bone would microfracture and bone damage
occur. Although radiographic vascular changes of bone
remodeling were not associated with sesamoid fracture, the
vascular structures course along known lines of fracture in
adult racehorses. The sesamoid bones have an extensive
sensory nerve supply that may explain bone pain associated
with trabecular bone injury.33

Epidemiology

Sesamoiditis is observed frequently in racing horses and
hunters and jumpers.10

Prevention

Appropriate training schedules to permit time for bone
strengthening are helpful. A dietary cause has not been
identified.

A separate condition of the axial border of the sesamoid
bones, an osteomyelitis, has also been called sesamoiditis.
Horses with axial sesamoid osteomyelitis are quite lame at the
walk and radiographs reveal surface bone lysis at the attach-
ment of the intersesamoidean ligament. The lesions and clini-
cal signs suggest a septic condition in some animals but on
histology infarction and necrosis predominate. Presumably an
injury to the attachment of the intersesamoidean ligament and
possibly seeding with bacteria from intra-articular injections
may be associated with the condition. The prognosis for sound-
ness with or without surgical debridement is poor.34

Rupture of the suspensory apparatus

● Injury unique to the race horse.
● Fractures of the sesamoid bones and/or suspensory liga-

ment disruption occur.
● First aid splinting should be done to preserve soft tissues

and the local blood supply.
● Surgery is done to stabilize the joint for salvage as a breed-

ing animal.

Disruption of the suspensory apparatus is a common cause of
acute breakdown in the racing Thoroughbred and frequently
results in humane destruction of the animal.9,22 Disruption
can occur because of rupture of the suspensory ligament,
fracture of both proximal sesamoid bones or avulsion of the
distal sesamoidean ligaments. Due to the violent nature of
these injuries, open fractures, fetlock joint luxation and loss
of the vascular supply to the distal limb are associated com-
plications. Successful treatment of these injuries requires
immediate and appropriate emergency management of the
horse, including sedation, possibly general anesthesia, ambu-
lance service and limb stabilization. Commercial splints such
as the Kimzey Leg Saver Splint (Kimzey Welding Works,

Woodland, CA) have been designed for this purpose.
Euthanasia may be chosen due to the extent of the injuries,
risk of treatment failure, lack of sentimental or breeding
value of the horse and cost of treatment.22

Recognition

History and presenting complaint These injuries occur
during maximal exercise and are immediately recognized by
distortion of the distal limb and the inability of the horse to
bear weight without collapse of the distal limb.
Physical examination Immediate sedation or general
anesthesia is recommended to gain control of the panicked
horse for examination by palpation, radiography, ultrasound
and Doppler ultrasound.
Special examination and diagnostic confirmation The
diagnosis is confirmed by observation (the fetlock drops to the
ground upon loading), palpation and radiograph. Ultrasound
evaluation can locate the sites of suspensory ligament failure
and, with Doppler, assesses blood flow to the distal limb. The
vascular supply is best evaluated after the horse has been
treated for shock and the limb has been stabilized to over-ride
initial vasoconstriction. Radiographic examination most often
reveals the proximal displacement of the intact sesamoid bone
(rupture of the distal sesamoidean ligaments) or proximal dis-
placement of the apical portions of the fractured sesamoid
bones (sesamoid fracture).

Treatment and prognosis

Therapeutic aims The goal of treatment is to salvage 
the horse’s life for breeding or as a retired pasture com-panion.
Surgical fusion of the fetlock joint can be successful if limb
blood supply is intact and infection can be prevented.
Therapy If treatment is chosen, a splint should be main-
tained for 4–5 days prior to the selection of the final treatment
to permit recovery from the shock and trauma and to define the
extent of skin necrosis and loss of vascular supply accompany-
ing the injury. The arthrodesis procedure should be undertaken
at the optimal time and evaluation of the soft tissue injury and
permanent deficit and risk of infection must be ascertained to
properly predict the outcome with surgery.22 Surgical treat-
ment options include fetlock ankylosis supported by use of an
external fixator placed on the foot and metacarpus to fix the
position of the joint during healing35 or arthrodesis with
implants and bone graft to achieve a pain-free stable fusion of
the fetlock joint.10,22 For implants, the soft tissues should be
intact and the risk of infection minimal. Treatment by surgical
means is preferable to relieve extended loading on the con-
tralateral limb. In conservative management, supporting limb
laminitis and erosion of the sesamoid bones by casts and splints
is a significant cause of failure.
Prognosis The prognosis is grave for horses that also have
open joint luxation, significant skin loss, loss of vascularity
and open wounds. With the preselection and appropriate
management of cases, the prognosis is good for pasture and
breeding soundness. In one report, 60% of horses with
fetlock arthrodesis fused the joint, survived and eventually
had unrestricted activity.22
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Etiology and pathogenesis

Etiology Fetlock disruption occurs during racing or
maximal exercise as a traumatic event.
Pathophysiology Disruption of the suspensory apparatus is
due to extreme overextension of the fetlock at high speeds and
forces of loading. Pre-existing pathology of the bones or sus-
pensory ligament is not a prerequisite for this injury to occur.

Epidemiology

Risk factors have been identified and include an abnormal
finding in the suspensory ligament on pre-race inspection by
a regulatory veterinarian36 and racing with toe grabs.37

Prevention

Pulling horses with abnormal suspensory ligament findings
from racing and maintenance of optimal track conditions
will reduce the number of these catastrophic failures.

Fetlock luxation

Recognition

History and presenting complaint Luxation of the fetlock
is usually in the frontal plane and occurs during a high-impact
injury, such as slipping, running into an object or catching the
hoof under a board or in a hole. A collateral ligament ruptures,
resulting in an obvious varus or valgus deformity of the limb.38

The dislocation of the joint may be temporary and often
replaces spontaneously or is reduced by an attendant.
Physical examination After reduction, lameness may be
minimal. Articular fractures of palmar/plantar eminence of
the first phalanx may accompany the luxation39 and can be
avulsed several inches proximally. Medial to lateral laxity is
present and the joint may be subluxated upon flexion.
Swelling of the joint and torn soft tissues will locate over the
injured side of the joint within hours. Persistent laxity can be
palpated and presumably contributes to the chronic
osteoarthritis that is often the sequela to this injury.40

Special examination Reluxation can occur at any moment
if the joint is not stabilized until the swelling and pain begin to
protect the joint, so it is critical to restrict the horse’s activity.
Diagnostic confirmation The diagnosis is often made 
by the historical description of the limb deformity and 
manipulation of the fetlock. Radiographs should be taken to
identify an avulsion fracture, intra-articular fractures or
damage to the articular surface that has entered into the sub-
chondral bone. Craniocaudal stress radiographs displacing
the distal limb medially or laterally will identify more laxity to
the fetlock joint than the contralateral joint, but is not neces-
sary for a diagnosis (Fig. 16.10).

Treatment and prognosis

Therapeutic aims The goal of therapy is to reduce the
luxation and stabilize the limb to prevent reluxation and
decrease the risk of osteoarthritis.

Therapy Arthroscopic removal of articular fragments can
be undertaken if the chances for athletic soundness are to be
optimized. Reduction and immobilization for 4–6 weeks will
result in fibrous restabilization of the joint and a good prog-
nosis for light riding soundness. Surgical repair of the liga-
ment is reported,38,41 but is not universally accepted as an
improvement over conservative coaptation. If osteoarthritis
and permanent lameness occur as sequelae, a surgical
arthrodesis can result in pasture soundness. In open frac-
tures/luxations, external fixation may be necessary followed
by bone grafting and stimulated joint fusion.
Prognosis Closed luxations without fracture that are
quickly reduced can result in soundness, although competi-
tive athletic soundness is less likely. Most luxations result in
some degree of osteoarthritis and lameness with exercise.
Luxations with associated injuries, such as an open joint,
additional fractures or disrupted vascular supply, would carry
a less favorable prognosis.

Etiology and pathogenesis

Etiology This injury is a sporadic, relatively random trau-
matic event.
Pathophysiology Lateral and medial luxation of the
fetlock joint is a recognized syndrome, affects all ages and
breeds of horses and usually occurs during high-speed falls or
collisions. Pre-existing joint disease or collateral ligament
disease is not associated with injury.

Traumatic synovitis and capsulitis

● Definitive diagnosis is via intra-articular anesthesia.
● Rule out osteochondral fractures.
● Treatment reduces joint inflammation to prevent deterio-

ration of cartilage.

Traumatic synovitis/arthritis of the fetlock joint is one of the
most common conditions in the equine athlete. The high
range of rotary motion predisposes this joint to injury and
wear.

Recognition

History and presenting complaint Most horses present
with the onset of lameness of one limb initially which may be
intermittent and worse after exercise. A specific injury may
have been noted.
Physical examination Joint effusion, soreness to joint
flexion and joint heat (detected by palpation or thermo-
graphy) are the classic clinical signs.
Special examination Radiographs are normal until the
condition becomes chronic and degenerative joint disease
(osteoarthritis) develops. Arthrocentesis and fluid cytology
are often not performed as the clinical signs are not severe
enough to warrant them; however, intra-articular and sys-
temic joint medication is commonly used. If training is con-
tinued with the use of aggressive medical therapy, a
proportion of these horses will develop proliferative synovitis
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(see next section), chip fractures and articular cartilage
damage (erosion and scoring). Intermittent hemarthrosis
may be detected with primary traumatic synovitis but often
indicates injury to subchondral bone, such as chip fracture or
cartilage elevation.
Laboratory examination Synovial fluid analysis may be
normal or reveal a mild increase in white blood cell count or
protein concentration.
Diagnostic confirmation The diagnosis is definitive if the
lameness resolves with an intra-articular fetlock joint block,
radiographs are normal and a synovitis or hemarthrosis is
present on synovial fluid analysis.

Treatment and prognosis

Therapeutic aims Most primary traumatic synovitis is
mild, permitting continued training with medical manage-
ment. Medical management is aimed at reducing joint pain
and inflammation.

Therapy Early medical intervention and appropriate joint
rest and physiotherapy are critical to prevent loss of glycos-
aminoglycan from articular cartilage and permanent joint
wear. Early loss of articular cartilage proteoglycan is
reversible with medication and joint rest. Systemic hyaluro-
nan and polysulfated glycosaminoglycans may be used to
reduce joint inflammation and assist with protection of artic-
ular cartilage. Topical dimethylsulfoxide (DMSO) and hyper-
osmotic agents under plastic and supportive wraps assist with
removal of joint edema and fluid accumulation. Non-
steroidal anti-inflammatory medication can reduce joint
inflammation and should be used if close monitoring of the
lameness is not critical. Long-term use of non-steroidal anti-
inflammatory drugs would require continued evaluation of
the patient.
Prognosis The prognosis for traumatic arthritis ranges
from good for minor and first-time injuries to poor for severe
or recurrent injuries. Early and less severe disease that is per-
mitted joint rest to resolve the inflammation can often be
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Fig. 16.10
Stress radiograph demonstrating excessive joint laxity in
the frontal plane, indicating rupture of the medial
collateral ligament.



managed. Traumatic arthritis can be progressive or result in
degenerative joint disease.

Etiology and pathogenesis

Etiology Traumatic arthritis usually begins as a strain to
the joint during exercise that results in a joint bleed, pinching
of the synovium and/or a cartilage erosion and secondary
joint inflammation. Horses with high action and high-impact
loading are the most susceptible.
Pathophysiology Joint inflammation (synovitis) induced
by a traumatic injury results in immediate swelling of the
synovium and possible joint hemorrhage. Capillary leakage
introduces fluid and white blood cells into the area of injury
and increases blood flow locally. These cells release inflamma-
tory mediators, such as interleukins, eicosanoids and nitric
oxide that perpetuate the inflammation until healing occurs.
The result is joint effusion, synovial hemorrhage and edema,
an increased joint fluid white blood cell count and protein
content and activation of joint pain (see Chapter 9).

Epidemiology

Horses at risk for traumatic synovitis are in active training
with maximal performances on a regular schedule. This
includes all racing breeds (Thoroughbred, Standardbred,
Quarter Horse, Warmbloods) and types of racing competition
(flat racing, barrel racing, cross-country, steeple chase); dres-
sage horses; Western performance horses; hunters; jumpers;
three-day competition; and show horses.

Prevention

Regular exercise, appropriate warm-up, conservative compet-
itive schedules and judicious use of joint medications, partic-
ularly steroids and non-steroidal anti-inflammatory drugs,
will reduce the risk of joint trauma and prolong joint health.

Proliferative (villonodular) synovitis

● Result of chronic joint inflammation.
● Radiographically evident as supracondylar lysis.
● Treatment is surgical resection of proliferative tissue if

medical therapy fails.

Proliferative synovitis is a clinical condition in which chronic
traumatic synovitis and continued exercise result in a painful
thickening of the synovium, particularly in areas of com-
pression trauma.8,42–46

Recognition

History and presenting complaint Classic clinical pres-
entation for chronic proliferative villonodular synovitis is
joint effusion, decreased range of joint motion and soreness
on joint flexion.
Physical examination Enlargement at the dorsal fetlock
is often visible and disproportionately large for the amount of

palmar effusion. The joints may appear and palpate normally,
however.
Special examination Confirmation of enlargement of the
pad is most easily obtained with dorsal metacarpophalangeal
joint ultrasound. Normal dorsal fetlock pads measure 
< 4 mm dorsal to palmar in a plane perpendicular to the mass
surface. A typical enlarged pad in clinical disease measured
11 mm.8 Proliferative synovitis is often bilateral and therefore
comparative measurements of one limb to ano-
ther may not be helpful. Diagnosis can also be made with con-
trast arthrography and at arthroscopy (Fig. 16.11). Joints
should be radiographed prior to surgery to identify presence
and extent of bone erosion, mineralization in the masses,
degenerative joint disease and concomitant proximal phalanx
chip fractures. In a recent report of 63 horses, 93% of joints
demonstrated a concavity at the distal dorsal metacarpus and
32% had a first phalanx chip fracture8 but these findings are
not conclusively diagnostic for an enlarged dorsal pad. In
severe cases, these masses can become locally invasive of bone
and joint capsule, continuing expansion beyond normal joint
structures, similar to benign tumors.
Laboratory examination Synovial fluid analysis may be
normal or indicative of mild to moderate synovitis.
Diagnostic confirmation The presence of clinical signs,
pain located to the fetlock joint and a measurably enlarged
synovial pad confirm the diagnosis. Radiographic changes
are supportive, but not always present, particularly in early
disease.

Treatment and prognosis

Therapeutic aims The goal of therapy is to reduce joint
pain and inflammation and reduce the size of the dorsal
synovial pad to prevent immediate recurrence on resuming
exercise.
Therapy Upon identification of an enlarged dorsal fetlock
proliferative mass, initial therapy would include joint rest, all
forms of adjunctive joint synovitis therapy and consideration
of a short-acting intra-articular steroid. Intra-articular
steroids are potent suppressors of angiogenesis and fibrosis
and will reduce active inflammation. Short-acting steroids,
such as soluble dexamethasone and hydrocortisone, may
minimize the long-term corticosteroid influence on chondro-
cyte metabolism. Arthroscopic surgical mechanical or laser
removal of the enlarged masses is indicated if any associated
fractures are identified, if pain persists or at planned lay-off
periods.47 Surgery should be undertaken before signs are
associated with bone changes, articular cartilage damage or
degenerative joint disease.
Prognosis Successful return to racing is reported in
Thoroughbreds8 and trotters43 after surgical removal of the
dorsal pad and intra-articular chip fractures. Proliferation of
the pad can return despite surgical and medical manage-
ment, but most horses are clinically improved with a longer
performance career with surgical treatment.

Diffuse proliferative synovitis and capsulitis is also
common in the fetlock joint and can be associated with
chronic joint injection, joint damage and joint wear. Palpable
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joint soft tissue thickening and loss of joint range of motion
are classic clinical findings and are commonly noted in
retired jumpers and race horses. Fibrosis of the joint capsule
and loss of fine villous architecture are notable at arthro-
scopy. Diffuse synovectomy in these cases is probably of
minimal benefit as restoration of normal villi is unlikely and
loss of remaining villous architecture may be permanent.
The loss of joint motion is permanent and may not be associ-
ated with lameness in retired horses.

Etiology and pathogenesis

Etiology This condition is most commonly seen in
Thoroughbred race horses. High-impact joint use with
extreme dorsiflexion causes direct mechanical trauma to the
dorsal fetlock synovial pad between the metacarpal/tarsal
condyle and the first phalanx.
Pathophysiology Proliferative synovitis is a clinical condi-
tion in which chronic traumatic synovitis and continued
exercise result in a painful thickening of the synovium, par-

ticularly in areas of compression trauma.8,42–46 The most
common location in the horse for this condition is the dorsal
fibrous pad of the metacarpophalangeal joint. This pad is
normally present at the dorsal reflection of the metacar-
pophalangeal joint directly under the broad, flat extensor
tendon and associated joint capsule.8 At hyperextension and
maximal flexion, this pad is compressed and can result in
intrasynovial hemorrhage, granulation tissue formation,
fibrosis and mineralization. Pigment in the pad is often hemo-
siderin, but melanin has also been noted.

Epidemiology

The condition is typically progressive as joint trauma is con-
tinued with use.

Prevention

Early treatment and adequate rest early in the disease process
may arrest the development or progression of this condition.
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Fig. 16.11
Contrast arthrogram of the fetlock joint demonstrating a
space-occupying soft tissue mass in the dorsal and palmar
joint recesses typical of proliferative synovitis.



Osteoarthritis of the fetlock (osselets)

Osteoarthritis is a chronic degenerative joint condition with
the hallmark criteria of joint pain, articular cartilage degen-
eration, subchondral bone change, osteophyte production
and loss of joint motion.48 The fore fetlocks in athletic horses
are probably the most commonly affected joint with this con-
dition and therefore it is common bilaterally in geriatric
horses, retired horses and exceptional athletes.

Recognition

History and presenting complaint Lameness is insidious
in onset, often bilateral with one limb less and later affected.
Physical examination The gait is classically a stiff and
shortened stride with an asymmetrical lameness. Lameness
worsens on turns and after exercise. Joints are stiff, but may
be minimally sore to forced flexion.
Laboratory examination Standard synovial fluid analy-
sis is often normal.
Diagnostic confirmation The diagnosis is confirmed by
the combination of clinical signs and radiographic evidence
of osteophytes, subchondral bone sclerosis and narrowed
joint space (Fig. 16.12). Extent of cartilage degeneration can
only be assessed by direct visualization arthroscopically or by
magnetic resonance imaging.

Treatment and prognosis

Therapeutic aims The goal of therapy is to relieve joint
pain and improve joint use.

Therapy Treatment of osteoarthritis includes medical
therapy and regular joint motion exercises, both passive and
active. Surgical debridement of frayed cartilage and exposed
bone as well as copious joint lavage have been described to
alleviate pain in people, but are palliative only. Use of
hyaluronan and glycosamine products systemically and
intra-articularly is advised as needed. Intra-articular steroids
can be used on a limited basis to provide comfort or short
durations of athletic use. Non-steroidal anti-inflammatory
medication, such as phenylbutazone, is commonly needed in
these horses to permit their turnout or restricted athletic use.
Chronic use of non-steroidal anti-inflammatory medication
is common for osteoarthritis and can alleviate pain and
permit activity. Chronic use can be associated with complica-
tions such as oral and gastrointestinal ulcers so it should be
titrated to the lowest dose possible and used intermittently.
Regular exercise on a limited basis is critical to maintain joint
comfort and improve quality of life.

Many other adjunctive therapies, such as heat application,
passive joint flexion, swimming, etc. have been anecdotally
described as effective.
Prognosis The prognosis for resolution of osteoarthritis is
poor because the cartilage degeneration is permanent.
Disease-modifying drugs, such as interleukin-1 antagonists,
are available for use in humans, but are costly and species
specific.

Etiology and pathogenesis

Etiology Chronic joint ‘wear and tear’ associated with ath-
letic careers is typical in the sport horse.
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Fig. 16.12
Radiograph of a fetlock joint with
osteoarthritis demonstrating osteophyte
formation on the dorsal eminence of the first
phalanx and proximal sesamoid bones and
dorsomedial joint space narrowing.



Pathophysiology Healthy joints can develop osteoarthri-
tis with time and use. A predisposition to earlier and more
severe osteoarthritis may exist and be related to prior joint
injury, conformation and use.
Epidemiology Osteoarthritis is seen more commonly in
geriatric and career horses.

Prevention

Care of the joints during a horse’s athletic career may help
maintain joint health. Joint support wraps, judicious use of
joint medications and immediate veterinary attention to joint
injury are critical to containing the development and pro-
gression of osteoarthritis.

Fetlock annular ligament constriction

● Annular ligament constriction is usually secondary to
chronic digital sheath synovitis or tendinitis.

● Treatment of the primary cause is often insufficient.
● Annular ligament resection may be done using

arthroscopy.

The fetlock annular ligament is a ~3 cm wide fascial band
spanning the abaxial ridges of the sesamoid bones and strate-
gically located to support the superficial and deep flexor
tendons as they course around the back of the fetlock joint.
Synovia from the digital sheath reflects on the deep surface of
the ligament. Damage to the flexor tendons can result in
swelling and pressure within the sheath.

Recognition

History and presenting complaint The primary com-
plaint is ‘windpuffs’ or swelling of the digital sheath.
Lameness may or may not be evident initially.
Physical examination The clinical signs include pain,
restricted range of fetlock motion and ischemia to the tissues
within the fetlock canal (tunnel syndrome). Once present,
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Fig. 16.13
Chronic low superficial digital flexor tendinitis with
interference at the annular ligament.



lameness is persistent and worsens with exercise. Lameness is
characterized by a decreased extension of the fetlock during
weight bearing and a shortened caudal phase to the stride. In
the most severe cases the horse will be reluctant to place the
heel on the ground.

The pathognomonic clinical sign of fetlock annular ligament
constriction is swelling of the palmar/plantar soft tissues of the
distal limb around the fetlock and a characteristic observable
proximal border of the annular ligament (‘notching’) caused by
annular ligament constriction. Typically, there will be disten-
sion of the digital sheath of the superficial and deep flexor
tendons proximal to the annular ligament and thickening of the
superficial flexor tendon (tendinitis) (Fig. 16.13).

In Warmblood horses with fetlock annular ligament con-
striction, nine had thickening of the annular ligament and
tenosynovitis, three were dominated by distension of the
sheath, three had superficial digital flexor tendon injury and
one had marked synovial sheath proliferation.49 In race horses,

superficial digital flexor tendinitis may be more commonly asso-
ciated with fetlock annular ligament constriction.50

Special examination Regional diagnostic anesthesia usual-
ly results in improvement after a metacarpal block. Direct anes-
thesia of the digital sheath incompletely alleviates pain.
Radiographic evaluation should be performed but is often
normal unless infection is a cause. In 38 cases of annular liga-
ment constriction, six horses had proximal sesamoid bone
abnormality and 12 had bone enthesiophytes at the attachment
of the annular ligament (insertion desmopathy).51

Laboratory examination Synovial fluid analysis of the
sheath fluid and contrast radiography can be of value, but are
usually limited in diagnostic value.
Diagnostic confirmation Diagnostic ultrasound confirms
the diagnosis and permits the differentiation of structures in-
volved, including thickening of the annual ligament (> 2 mm
thick), tears of the deep flexor tendon, sheath adhesions and
proliferative tenosynovitis.
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Fig. 16.14
Open annular ligament transection revealing a chronic
blunt end of the deep digital flexor tendon.



Treatment and prognosis

Therapeutic aims The goal of therapy is to reduce the
constriction of the annular ligament by either decreasing
sheath effusion or releasing the ligament or both.
Therapy Initial conservative treatment often includes an
intrathecal injection of steroid to decrease sheath effusion. This
is typically palliative and may further weaken or slow healing of
injured tendinous structures. To relieve the constriction, the
annular ligament is transected either percutaneously or endo-
scopically. Accessory ligament desmotomy of the superficial
digital flexor tendon, tendon splitting, adhesiolysis and synovial
resection to simultaneously treat tendinitis, tendon core lesions,
adhesions and synovial proliferation, respectively, are indi-
cated.52–54 Limitations of open transection include incisional
drainage and dehiscence, limited visibility as compared to
tenoscopy, and greater soft tissue morbidity. Open transection
may be necessary for tendon repair (Fig. 16.14).

Prognosis If the primary etiology is desmitis of the palmar
or plantar annular ligament and is not accompanied by
extensive changes in the tendon (bowed tendon), the progno-
sis is good (84% returned to performance).55,56 The
Standardbreds in which annular ligament desmotomy was
performed in addition to other surgical procedures for ten-
dinitis improved and were able to race.50 In horses with syn-
ovial masses or adhesions that were resected endoscopically
at the time of annular ligament resection, the prognosis for
athletic soundness was 72%.53

Etiology and pathogenesis

Etiology Specific causes are usually trauma and/or infection
(Fig. 16.15) and are associated with distal superficial digital
flexor tendinitis (low bow) (see Fig. 16.14), fibrosis from
wounds and tenosynovial adhesions and inflammation. The
annular ligament may also be directly injured and thickened
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Fig. 16.15
Infectious tenosynovitis and digital sheath swelling
associated with annular ligament constriction.
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Fig. 16.16
Typical biaxial palmar second phalanx
eminence fracture.

Fig. 16.17
Typical comminuted second phalanx fracture.



(desmitis) with the same constricting result. The fetlock
annular ligament constriction syndrome is reduction in pain-
free movement of the fetlock due to the movement of the struc-
tures within the fetlock canal. The result is persistent lameness.
Pathophysiology Thickening of the ligament occurs 
through the process of fiber tearing and fibrosis.

Epidemiology

Desmitis of the fetlock annular ligament is diagnosed mainly
in sport horses and less frequently in race horses and histo-
logic changes suggest it is traumatic in origin.55,57 Excessive
use of the hindlimbs, such as in jumpers and cross-country
competitors, puts horses at increased risk.

Prevention

Protection of fetlock support structures, such as with support
wraps and heel extension shoes, particularly in the
hindlimbs, may decrease risk of injury.

Pastern joint injuries

Intra-articular fractures

The pastern joint is uncommonly involved in articular frac-
tures, in comparison to other joints. Articular chip fractures
can occur from the proximal dorsal eminences of the second
phalanx (P2) and the palmar/plantar intereminence of P2
(Fig. 16.16).

Recognition

History and presenting complaint These injuries are
associated with acute onset of lameness and swelling at the
pastern.
Physical examination Lameness located to the distal limb
with regional nerve blocks and visible pastern swelling are
often present.
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Fig. 16.18
Surgical repair of a comminuted second phalanx fracture
at 2 months postoperatively. Pastern arthrodesis and
fracture fragment stabilization were performed
simultaneously.



Diagnostic confirmation Source of the lameness can be
confirmed with direct pastern joint block but this is often 
not necessary in acute cases. Fractures are confirmed on 
radiographs.

Treatment and prognosis

Therapeutic aims The goal of therapy is to eliminate or
reduce the lameness due to the fracture. In many cases a
pastern arthrodesis may ultimately be necessary for soundness.
Therapy The smaller articular fragments are retrievable
surgically by direct arthrotomy (dorsally) or arthroscopy
(palmar/plantar pouch). Unfortunately, degenerative joint
disease is often a sequela because significant soft tissue injury
is necessary to induce a fracture in such a stable joint.
Disruption of the joint capsule frequently results in persistent
thickening of the joint and chronic lameness due to
osteoarthritis (high ringbone).

Immediate stabilization of the distal limb in splints or prefer-
ably casts is recommended to prevent collapse or displacement
for comminuted fractures of the second phalanx (Fig. 16.17).
Prognosis is dependent on the degree of displacement, particu-
larly at the coffin joint. Surgical exposure of the coffin joint is
not possible to aid in reduction, so prevention of distraction or
displacement is strongly advised. Preferable treatment is surgi-
cal reduction, lag screw fixation and simultaneous plate
arthrodesis of the pastern joint58,59 (Fig. 16.18).

Caudal eminence traction fractures usually heal with a
fibrous union. For athletic soundness, pastern arthrodesis is rec-
ommended either at the time of fracture or if soundness does
not result with time. Reduction and direct lag screw fixation of
the fragment is described, but osteoarthritis is often the sequela.
Pastern arthrodesis is recommended (Fig. 16.19).
Prognosis With surgery, prognosis for pasture or breeding
soundness is good to excellent (Fig. 16.20). Athletic sound-
ness can be achieved with pastern arthrodesis if fractures did
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Fig. 16.19
Triple lag screw pastern arthrodesis as treatment for a
caudal eminence fracture.



not enter the coffin joint. Prognosis for athletic soundness is
guarded if the fracture entered the coffin joint. The prognosis
for pasture or breeding soundness with conservative treat-
ment is guarded to fair as horses remain lame for extended
periods of time and healing is usually asymmetrical.

Etiology and pathogenesis

Etiology Fractures of the second phalanx can occur at 
exercise, typically when the horse is turning on a supporting
limb.
Pathophysiology Pathophysiology is dependent on the
type of second phalanx fracture. Larger caudal eminence
fractures usually occur on the second phalanx, are often
articular and can be biaxial. These fractures are distracted
due to pull of the insertion of the collateral ligaments, flexor
tendons and palmar annular ligaments.

Longitudinal and comminuted fractures of the second
pastern bone are probably the most common fracture involv-
ing the pastern joint and can be catastrophic. Fractures of
this short bone are high-energy injuries, usually from high-
speed twists and turns with the foot planted. It is often
reported that a loud ‘pop’ sound, like a gun going off, was
heard and the horse was immediately non-weight bearing in
the limb. Palpation can confirm the immediate pain, swelling
and instability. Most P2 fractures are initiated at the pastern
joint surface and spiral toward (incomplete) or into (com-
plete) the distal interphalangeal joint (coffin joint). Fractures
are often displaced and comminuted into five pieces in a
classic pattern.58

Epidemiology

This injury may occur more commonly in Quarter Horses
and jumpers, during slides, landings and turns.
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Fig. 16.20
Comminuted second phalanx surgical repair at 2 months
postoperatively, demonstrating excellent healing and early
use of the limb.
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Fig. 16.22
Degenerative joint disease of the pastern joint demonstrating
bony proliferation and joint destruction typical of ringbone.

Fig. 16.21
Pastern luxation with typical dorsal displacement.



Prevention

This injury is considered a sporadic and relatively random
event that cannot be prevented.

Traumatic luxation/subluxation of the
pastern joint

Traumatic luxation of the pastern joint usually occurs in
front limbs with dorsal displacement of the first phalanx and
is considered secondary to disruption of the insertion of
the superficial digital flexor tendon and superficial dis-
tal sesamoidean ligament and palmar joint capsule60

(Fig. 16.21). In the author’s experience it is seen most com-
monly in event horses. This injury can appear similar to a
fetlock breakdown injury in that the fetlock area drops upon
weight bearing. However, closer observation reveals the dis-
tortion to the pastern with loading. The fetlock drops as the
first phalanx moves dorsally. In complete luxations, similar
complications can occur as with fetlock luxations. In sublux-
ations, the pastern joint retains some stability although
dorsal subluxation of the first phalanx is evident on palpation
and radiograph.

Lameness depends on the degree of subluxation and dis-
ruption of the support structures of the pastern. Pastern
arthrodesis is the treatment of choice as the outcome can be
pasture and breeding soundness and possibly athletic sound-
ness, depending on the extent of soft tissue injury to the flexor
tendons. Use of strong implants and consideration of caudal
joint wiring is recommended as the normal caudal support
structures to the joint are disrupted. Repair should be
approached in a similar manner to a fetlock luxation with
loss of the caudal support structures.22
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Fig. 16.23
Typical pastern joint appearance with high ringbone or
pastern arthritis.

Fig. 16.24
Lateral radiograph of a pastern joint with
arthritis demonstrating joint space narrowing
and severe osteophytosis.



Pastern arthritis

Degenerative joint disease of the pastern joint is commonly
called high ringbone or ringbone (Fig. 16.22).

Recognition

History and presenting complaint Horses are typically
lame in one limb with a spontaneous onset. A traumatic eti-
ology is often inferred. The lameness persists and pastern
joint enlargement, although often overlooked, may be noted
by the owner.
Physical examination Pastern arthritis has a classic
outward appearance of an enlarged, thickened pastern joint
(Fig. 16.23). Horses are lame often at the walk and are sore to
flexion of the limb or joint.
Diagnostic confirmation The diagnosis is confirmed by
radiography demonstrating osteophytes, narrowing of the
joint space and subchondral bone sclerosis (Fig. 16.24).

Treatment and prognosis

Therapeutic aims The goal of therapy is to reduce pain
and inflammation. To achieve athletic soundness, the joint
must fuse.
Therapy Treatment with joint therapies is less successful
in the pastern due to the greater degree of lameness, but non-
steroidal anti-inflammatory medication improves movement
and gait. Intra-articular steroids may improve comfort but
often do not result in athletic soundness. Rest does not result
in joint fusion. Resolution of lameness can be achieved with
surgical pastern arthrodesis. Current procedures with plates
and screws usually produce fusion within 6 months, even in
older horses (Fig. 16.25). Assuming the pastern was the sole
source of lameness, complete athletic soundness can be
expected in > 80% of horses treated with surgical arthrodesis
(Fig. 16.26). Current technique employs a combination of
plates and screws for transarticular compression and stabi-
lization.61–64
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Fig. 16.25
Recommended surgical technique for pastern
arthrodesis for adult horses is a single plate and two
transarticular compression screws.
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Fig. 16.26
Tennessee walking horse in full competition 
2 years post-pastern arthrodesis of the right front. Pastern
enlargement is minimal.

Fig. 16.27
Radiograph of pastern osteochondrosis demonstrating
articular cysts and joint destruction.



Prognosis The prognosis is poor for soundness or fusion of
the joint without surgical intervention. The pastern joint does
not fuse on its own, even with extended time, in the author’s
experience.

Etiology and pathogenesis

Etiology Trauma and/or repetitive use are common incit-
ing causes.
Pathophysiology Initial joint injury (fracture or sprain)
results in joint inflammation and capsulitis. The process of
persistent inflammation results in chronic joint destruction
and degeneration.

Epidemiology

Although osteoarthritis of the pastern may not be as com-
mon as osteoarthritis of the fetlock, it is progressive and

produces a greater degree of lameness in almost 100% 
of affected horses. Many horses with ringbone are 
lame at the walk and do not want to move around in pasture.
Severe osteopenia of the affected limb and contra-
lateral limb laminitis are complications of chronic ring-
bone.

Pastern osteochondrosis

Articular developmental orthopedic disease (osteochondro-
sis) occurs in the pastern joint.

Recognition

History and presenting complaint Lameness may be
acute in onset and associated with heavy exercise or an inci-
dent, such as a fall, suggesting a traumatic etiology.
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Fig. 16.28
Same horse as in Fig. 16.27 1 year after triple lag screw
pastern arthrodesis, demonstrating complete bony fusion.
The horse was sound for athletic use.



Physical examination Lameness and an enlarged pastern
joint are the hallmark signs. Clinical signs occur most com-
monly in yearlings and become identical to osteoarthritis of
the pastern (ringbone).
Diagnostic confirmation Radiographs demonstrate cysts
on the articular surface and irregularity to the articular surface
(Fig. 16.27). Osteophytes may not be present early on in the
disease. The condition is often bilateral and contralateral radio-
graphs are indicated before surgical treatment is considered.

Treatment and prognosis

Therapeutic aims The goal of therapy is to eliminate the
lameness with joint fusion.
Therapy Preferable treatment is surgical arthrodesis65 as
has been described for pastern arthritis.
Prognosis In young horses, the possibility of full athletic
soundness is excellent and fusion is relatively rapid (3–4
months) (Fig. 16.28). Left untreated, the joint will progress
into osteoarthritis and lameness will persist.

Etiology and pathogenesis

Etiology Osteochondrosis is part of a developmental
orthopedic disease complex.
Pathophysiology Endochondral ossification of articular
cartilage is delayed or arrested, such that it forms abnormally.
Articular cartilage flaps and cysts develop during growth,
and joint pain and ultimately arthritis are a consequence.

Prevention

Although osteochondrosis has multifactorial risk factors,
including high-energy diets, rapid growth and male gender, it
is not possible to control the onset of clinical disease by con-
trolling these factors. This is an active area of research.
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● Treatment involves anti-inflammatory therapy, rest and
controlled exercise, and modified training.

● Prevention involves modification of the training regimen.
● Prognosis is generally very good to excellent and recur-

rence is rare in skeletally mature horses.
● Horses that develop clinical ‘bucked shins’ are at risk for

dorsal cortical stress fractures in the future.

Recognition

History and presenting complaint

Horses with ‘bucked shins’ present with an acute onset of
bilateral soft tissue swelling, heat and sensitivity over the
dorsal aspect of the metacarpus, with an associated lameness
or ‘stiffness’ immediately after a high-speed workout
(‘breeze’) or race. Very often this is the first race or first speed
work for the horse at near-racing distances. In some horses
there may be a more gradual onset of these signs, with a
marked exacerbation following the first race or a longer
‘breeze’. If training continues the lameness typically worsens
considerably, as opposed to the horse ‘warming out of it’. The
signs of ‘bucked shins’ are generally so specific that most
experienced trainers can make a reliable diagnosis.

Physical examination

Horses with ‘bucked shins’ exhibit variable degrees of soft
tissue swelling, heat and sensitivity on palpation over the
dorsal diaphyses of MC-III. When viewing the metacarpi
from the lateral aspect there is often a distinct dorsal convex-
ity. Firm digital pressure in this location will elicit a painful
response. These signs are particularly pronounced in the
acute stages, but after a period of rest and anti-inflammatory
treatment there is generally considerable improvement. The
exceptions are horses that have progressed to the chronic or
‘recurrent’ category and have developed a marked periosteal
reaction along with chronic inflammation and associated soft
tissue swelling. Less commonly, a more focal area of swelling
may be present at some point along the dorsal diaphysis,1

Dorsal metacarpal disease
(the ‘bucked shins’ complex)

‘Bucked shins’ or dorsal metacarpal periostitis and dorsal cor-
tical stress fractures of the third metacarpus (MC-III) are the
two components of dorsal metacarpal disease (DMD). Over
the last 2–3 decades, extensive investigation into the etio-
pathogenesis of the condition – including the role of the
training regimen, track surface and shoeing techniques – has
led to a far greater understanding of the syndrome of DMD
and how to prevent it. However, despite these advances,
‘bucked shins’ and dorsal cortical stress fractures remain
important problems in the racing industry.

● Common in young Thoroughbreds and Quarter Horses in
early race training.

● Bilateral dorsal metacarpal swelling, heat and pain, with
stiffness/soreness or ‘choppy-gaited’ lameness.

● Acute onset following a high-speed workout (‘breeze’) or
first race.
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which must be differentiated from a true stress fracture (see
section below).

Lameness examination

Horses with acute ‘bucked shins’ typically exhibit a bilateral
stiff or choppy forelimb gait at a trot (sometimes mimicking a
foot or carpal lameness), but in those in which one metacar-
pus is more severely affected than the other, a distinct head
nod may be evident. Lameness in these horses ranges from
grade 1 to 3.2 The most severely affected horses may acutely
exhibit mild lameness at the walk. The severity of the lame-
ness will vary greatly with the stage of the disease and the
timing of the examination in relation to the last speed work.

Diagnostic confirmation

Diagnostic analgesia Diagnostic analgesia is generally
not necessary to localize the source of pain in a horse with
acute ‘bucked shins’. High palmar analgesia (high palmar
nerve block) with a dorsal ring block in the proximal
metacarpus can be helpful in confirming the location of pain
in those horses with subacute or chronic ‘bucked shins’.
Nuclear scintigraphy Bone-phase (delayed-phase) nuclear
scintigraphy classically reveals diffuse moderate-to-intense
abnormal increased radiopharmaceutical uptake along the
dorsal diaphyses of the affected MC-III3 (Fig. 17.1).

Radiography Radiographic findings vary with each case
and the stage of disease. Radiographs in mildly affected
horses or in the very early stages of the disease (subclinical)
are often negative or equivocal for osseous abnormalities. 
In more severely affected horses diffuse subperiosteal oste-
olytic change in combination with smooth, low-density
periosteal proliferative reaction is typically seen along the
dorsal and dorsomedial diaphysis of MC-III (Fig. 17.2). High-
detail radiographic or xeroradiographic films are superior for
detecting the subtle abnormalities. Soft tissue swelling, when
present, will also be evident radiographically in this location.
Thermography Thermography has recently been shown
to be a valuable diagnostic aid for the detection of abnormal-
ities in the metacarpi of racing Thoroughbreds, with up to
60% of 2 year olds in training exhibiting abnormal findings.4

Treatment and prognosis

Therapeutic aims

The goals of treatment for acute ‘bucked shins’ are two-fold:
decrease or eliminate further excessive cyclic strains on MC-
III and shift the balance from net bone resorption to net bone
apposition, and reduce acute inflammation.
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Fig. 17.1
Lateral 
bone-phase
scintigraphic
image of the right
metacarpus of a
2-year-old
Thoroughbred
race horse with
clinical ‘bucked
shins’. Notice the
diffuse moderate-
to-intense
abnormal
increased
radiopharma-
ceutical uptake
along the dorsal
diaphysis of 
MC-III (arrow).

Fig. 17.2
Lateral radiograph of
the left metacarpus
of a 2-year-old
Thoroughbred race
horse with clinical
‘bucked shins’.
Notice the diffuse
low-density
periosteal
proliferative reaction
and subperiosteal
osteolysis along the
dorsal diaphysis of
MC-III (arrow).



Therapy

Exercise restriction The degree of exercise restriction
depends on several factors, of which the severity of clinical
signs, in conjunction with radiographic and/or scintigraphic
findings, is the most important.

Initially, all horses diagnosed with acute ‘bucked shins’
should be confined to a stall until soft tissue swelling and pain
on palpation of the dorsum of MC-III have subsided. A
program of controlled exercise can begin. In horses without
extensive periosteal new bone formation or other severe radi-
ographic changes, 2 weeks of stall rest with daily hand-
walking (10–15 minutes once or twice a day) are initially
recommended. Once horses are sound at a trot in-hand then
formal training can commence, ideally employing a modified
exercise protocol (see below).

Horses with moderate-to-marked periosteal reaction
and/or subperiosteal osteolytic change, along with moderate-
to-intense abnormal increased radiopharmaceutical uptake
scintigraphically, require a more extended period of rest and
controlled exercise. Generally, this encompasses 4 weeks of
hand-walking, followed by 4–8 weeks of turnout exercise in a
small paddock or ‘shed row’ exercise daily. The duration and
extent of exercise restriction is modified based on the specifics
of each case. Horses with chronic or recurrent ‘bucked shins’
(i.e. those that have had several acute episodes with or
without an appropriate period of convalescence) should be
allowed a total of 90–120 days’ rest and in many instances
they are simply turned out for the remainder of the season
and training is resumed the following year.

Follow-up radiographic and scintigraphic examinations
can help guide the recommendations for resumption of train-
ing in those cases where this is economically feasible.
Anti-inflammatory therapy Anti-inflammatory therapy
should be initiated immediately in cases of acute ‘bucked
shins’ and continue until signs of swelling and ‘shin sens-
itivity’ (pain) subside. Up to 30 minutes of cold hosing or
icing, several times a day, along with bandaging, are gen-
erally effective. Anecdotally, application of a poultice or
antiphlogistic dressing (e.g. Gel-o-cast®) for several days may
also help decrease swelling.

The use of NSAIDs for their anti-inflammatory and anal-
gesic effects in patients with inflammatory bone disorders is
becoming increasingly controversial in light of the gathering
body of evidence that these drugs, when used chronically at
high doses, may impair bone healing in horses.5 However, it
is this author’s opinion that a brief period (i.e. a few days) of
NSAID treatment during the acute stage of ‘bucked shins’ is
warranted in horses with moderate-to-severe signs.
Phenylbutazone or flunixin meglumine at standard doses is
generally effective. Long-term NSAID treatment is con-
traindicated, in this author’s opinion, for the reasons noted
above.
Modified training protocol The key to preventing
‘bucked shins’ is to stress the dorsal cortices of the developing
metacarpi in such a way as to stimulate adaptation to the
cyclic compressive loads under conditions that are similar to
those experienced during a race, i.e. to train at racing speeds.6

Traditional training strategies for flat-racing Thorough-
breds have employed a basic scheme of daily galloping
exercise for extended distances (e.g. 1–2 miles) with speed
work or ‘breezes’ at shorter distances (e.g. 2–6 furlongs)
weekly to every third week. In immature (untrained) horses
the timing (too infrequent) and distance (too long) of
the high-speed work sets up a state of maladaptive re-
modeling in which bone resorption outpaces apposition and
fibrous periosteal new bone predominates.6 Eventually, this
inferior bone develops microfractures and resulting
inflammation, which manifests clinically as periostitis or
‘bucked shins’.

To prevent or mitigate the potential for this vicious cycle,
horses should be trained in such a way as to increase the fre-
quency of high-strain cyclic compressive loading (high-speed
exercise or ‘breezes’) and decrease the total distance at which
they are galloped.6 It is recommended that horses be worked
at or near racing speed at least twice a week, initially at very
short distances, for example 1 furlong. The distance of the
speed work is increased gradually (e.g. adding 1 furlong every
1–2 weeks) and then as the horse is asked to go faster, the dis-
tance is reduced and the process repeated until the horse is
conditioned to race. Throughout this process, daily galloping
is limited,6 for example to no more than 1 mile/day. Upon
resumption of training, horses are continually monitored 
for signs of ‘shin soreness’, lameness or dorsal meta-
carpal swelling and exercise intensity should be modified
accordingly.
Traditional or alternative therapies Over the course of
time, seemingly endless ‘traditional’ therapies or essentially
‘home remedies’ have been promoted for treating ‘bucked
shins’, as well as the many other inflammatory lesions and
injuries of race horses. Many have gone by the wayside but 
a handful have persisted and remain in use today (see 
Table 17.1) and other ‘alternative’ therapies continue to arise
on almost a daily basis. Unfortunately, many of these modal-
ities have not undergone the necessary scientific scrutiny to
enable rational conclusions regarding their efficacy. It is
beyond the scope of this chapter to cover this subject in 
great detail but some of these therapies are summarized 
in Table 17.1.

Prognosis

The prognosis for the vast majority of horses with ‘bucked
shins’ is generally very good if appropriate intervention is
undertaken and adhered to. Recurrence is rare; however, a
variable proportion of horses will experience repeated
episodes or ‘chronic’ DMD. Horses not given adequate con-
valescence and those that have not had their training 
protocol modified (see above) are at high risk for recur-
rence. ‘Bucked shins’ is quite rare in older horses (> 4 years of
age)7 once the immature bone has remodeled and changed 
its inertial properties in response to the demands of high-
speed exercise. However, horses that have experienced
clinical ‘bucked shins’ as 2 or 3 year olds are in the high-
risk group for dorsal cortical stress fractures (see section
below).8
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Etiology and pathophysiology

The reader is referred to the chapter on stress-induced bone
disease and maladaptive remodeling syndromes (Chapter 7)
for a detailed discussion of this topic.

Epidemiology

Historically, DMD and, more specifically, ‘bucked shins’ have
been and continue to be an extremely common problem in

young flat-racing horses in early training. In the US, a preva-
lence of 65–70% in Thoroughbreds has been reported12,13 and
in Australia the prevalence has been estimated at 42–80%.14–16

Similarly, estimates of 5–50% have been given for the preva-
lence in racing Quarter horses in the US.17 DMD also affects
racing Arabians. In contrast, the incidence of DMD is compara-
tively low in the UK, with an estimate of 17% in young
Thoroughbreds in one large study.10 This difference could be
attributed to a number of variables, but differences in training
surface (predominantly grass in the UK and predominantly dirt
in the US) are regarded by many to be a primary factor.9
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Modality Technique Rationale Scientific support? Comments

‘Paints’ Topical application of a Topical counterirritation None for treating periostitis. A reduction in soft tissue swelling
rubefacient liquid. to create hyperemia, is primarily attributable to the
(Numerous products and which facilitates healing. associated massage and bandaging.
mixtures exist.)

‘Blisters’ Topical application of a Potent counterirritation, None for treating periostitis. Any actual benefit is derived from
vesicant (agent causing creating deep hyperemia. the extended period of enforced
cutaneous vesicles).As with Creates acute rest, which traditionally 
‘paints’, numerous products inflammation within accompanies ‘blistering’.
exist. chronically inflamed

tissues to accelerate
healing.

‘Pin firing’ Thermocautery: cutaneous A severe form of None for treating periostitis. As with ‘blisters’, the enforced rest
application of a hot metallic counterirritation. is the primary benefit of ‘pin firing’.
rod or probe in multiple
sites creating focal burns of 
varying depth.

‘Freeze firing’ Cryotherapy: cutaneous Method to create Scientific data support Analgesia to the degree needed to
application of a liquid long-lasting local cryotherapy as having mitigate that associated with
nitrogen-cooled metallic analgesia. analgesic effects under ‘bucked shins’ is easily achieved
probe in multiple sites Many practitioners certain circumstances.As using ice, cold water and NSAIDs.
(similar to hot iron firing). consider this to be with the above modalities, Analgesia to enable continued

another method of there is no evidence that training is of questionable merit as
creating counterirritation (if created) the premature resumption of
counterirritation as facilitates healing of exercise is contraindicated.
well. periostitis.

Periosteal Percutaneous irritation of A form of No specific studies on healing All reports on the efficacy of this
‘picking’ the periosteum in multiple counterirritation of metacarpal periostitis. In treatment remain anecdotal.

sites using a hypodermic involving direct general, induced periosteal Further periosteal trauma is 
needle. (The periosteum is periosteal trauma trauma does stimulate a unnecessary in acute cases of
picked or scratched with purported to proliferative response. ‘bucked shins’.
the needle tip.) accelerate healing of 

periosteal 
microfractures.

Blood injection Injection of an autogenous Another variation on None for treating periostitis. All reports on the efficacy of this
blood sample subcutaneously/ counterirritation. treatment remain anecdotal.
supraperiosteally in the Purported to accelerate
dorsal metacarpus. healing.

Extracorporeal Application of high-frequency A form of deep No controlled studies for Further ‘stimulation’ is unnecessary
shockwave shockwave energy along the counterirritation treatment of periostitis in for the healing of acute periostitis.
therapy dorsal metacarpus using purported to horses. Increasing anecdotal This modality may have merit for

a customized handpiece accelerate bone healing. evidence suggests this treating chronic DMD/stress 
or probe. modality may have a positive fractures, but further investigation

effect on bone healing. is needed.

Table 17.1 Traditional and alternative therapies for metacarpal injuries



In stark contrast is the very low incidence of DMD in
Standardbred race horses.12 This has been attributed to dif-
ferences in speed and gait between Standardbreds and
Thoroughbreds, which result in different strains imposed on
MC-III, and not to an inherent difference in bone material
properties between the breeds.18

Prevention

The most effective way to prevent or decrease the incidence of
‘bucked shins’ is to modify the training scheme as outlined
previously (see under Therapy). Essentially, this involves
decreasing the daily distance worked at a gallop and increas-
ing the frequency of short intervals of high-speed work or
‘breezes’. The distance of the speed work is initially very short
and is increased gradually.

Different training surfaces may also affect the incidence of
‘bucked shins’. Training on wood chip-based surfaces or grass
appears to be superior to the traditional dirt of most tracks in
the US.9,10 For example, in one 2-year study of Thoroughbred
race horses, 55.8% of those trained on dirt experienced
‘bucked shins’ compared to only 26.1% of those trained on a
wood chip-based surface.9 This study did not rigidly control
for differences in training methods, however.

Prevention also involves close monitoring of the horse for
signs of impending shin problems. Along with physical exami-
nation for shin soreness, thermography and scintigraphy are
useful imaging modalities for screening high-risk horses. In one
study, pre-race detection using physical examination to screen
horses for signs of DMD resulted in reduction in post-race diag-
noses of lameness attributable to DMD, and more predictable
race results, on Thoroughbred tracks in Australia.11

Dorsal cortical stress
fractures of MC-III (‘saucer
fractures’, metacarpal
fatigue fractures)

● Fatigue fractures seen in racing Thoroughbreds, Quarter
Horses and Arabians.

● Horses experiencing previous ‘bucked shins’ are at high
risk.

● Short, oblique, intracortical fracture seen most commonly
in the mid-diaphysis of the left MC-III (in Thoroughbreds
in the US).

● Acute onset of moderate-to-severe lameness following
high-speed work (‘breeze’) or a race.

● Fractures are often slow to heal and chronic or recurrent
fractures are common if initially undiagnosed or mis-
managed.

● Surgical treatment is preferred for the majority of frac-
tures and involves osteostixis, screw fixation or a combi-
nation of the two.

● Prognosis is generally very good for return to racing.
● New or recurrent fractures develop on occasion.

Recognition

History and presenting complaint

Horses with an acute dorsal cortical stress fracture of MC-III
typically exhibit a moderate-to-severe lameness immediately
following high-speed work (‘breeze’) or a race. Less com-
monly, the lameness will not be evident until several hours
after the horse has ‘cooled out’. Acutely, these horses are too
lame to continue training. There is almost invariably a focal
area of soft tissue swelling, focal periosteal irregularity and
sensitivity at the fracture site along the dorsal aspect of
MC-III.

Some horses have a history of low-grade, chronic or inter-
mittent lameness on the affected limb for several weeks prior
to the acute onset of a more severe lameness once overt frac-
ture has occurred. Another subset develops signs of acute
fracture upon resumption of training after a brief period of
lay-up (a few to several weeks) for an unrelated illness or
injury.

Some horses may become sound enough to train or even
race after extended rest, but continue to be plagued by recur-
rent lameness and poor performance. This is a common sce-
nario for those with chronic stress fractures that have gone
undiagnosed. Almost all horses with dorsal cortical stress
fractures of MC-III will have a history of clinical ‘bucked
shins’ in the 6–12 months preceding the fracture.19

Physical examination

For horses with acute fracture, physical examination will
classically reveal a focal area of soft tissue swelling along the
dorsum of the metacarpus at the site of the fracture, with a
corresponding bony ‘knot’ or periosteal irregularity (hard
swelling or exostosis) along the dorsal or dorsolateral dia-
physis of MC-III. Firm digital pressure at the fracture site will
consistently elicit a painful response. These signs are less 
dramatic in horses with chronic or subacute fractures.
Horses with multiple fractures may have signs more sugges-
tive of ‘bucked shins’ (i.e. diffuse pain and swelling along the
diaphysis). Fractures are almost always unilateral in
Thoroughbreds (in contrast to ‘bucked shins’) and involve
predominantly the left forelimb in the US.20–23 Bilateral frac-
tures occur, but are rare.
Lameness examination Acutely, horses exhibit a moder-
ate-to-severe lameness on the affected limb, which is typically
grade 3–4.2 Many are lame at a walk and all are profoundly
lame at a trot. With a brief period of rest (a few days to a 
few weeks), horses generally walk comfortably but exhibit a
mild-to-moderate lameness at a trot in-hand (grade 2–3).
Horses with chronic fractures may exhibit only mild lame-
ness at a trot in-hand. Firm pressure applied over the fracture
site will exacerbate the lameness in most acute and subacute
cases.
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Diagnostic confirmation

Diagnostic analgesia Diagnostic analgesia is rarely neces-
sary to localize the source of lameness in horses with acute
and subacute dorsal cortical stress fracture of MC-III (owing
to the specificity of clinical signs) and in fact, it is arguably
contraindicated in these horses. Diagnostic analgesia can be
useful for this purpose in horses with chronic fractures when
clinical signs are less specific. High palmar analgesia (a ‘high
palmar block’) will be positive.
Scintigraphy Bone-phase (delayed-phase) nuclear scintigra-
phy will reveal a focal (or multifocal in horses with multiple frac-
tures) area of moderate-to-intense abnormal increased
radiopharmaceutical uptake in the dorsal diaphysis of the
affected MC-III in acute and subacute cases (Fig. 17.3). The
intensity of radiopharmaceutical uptake will be less intense in
chronic cases and will vary with the time course of the injury.3

Radiography The classic radiographic abnormality is a
short, oblique intracortical (unicortical) fracture line in the
dorsal or dorsolateral cortex of MC-III (Fig. 17.4). Most com-
monly the fractures are diaphyseal and are oriented dorsodis-
tal to palmaroproximal at a 30–45° angle with the dorsal
cortex. Most extend to the junction of the middle and palmar
third of the dorsal cortical width and do not enter the
medullary cavity. Occasionally, a complete fracture will
extend proximodorsally out through the dorsal cortex (a true

‘saucer fracture’). Metaphyseal fractures, those that begin
and propagate in a dorsoproximal-to-palmarodistal direction,
and those that enter the medullary cavity are less common.

A full series of radiographs (four views: lateral, dorsopalmar,
DMPLO and DLPMO) of the entire MC-III should be taken.
Multiple fractures are sometimes present. In rare cases fracture
lines may propagate or radiate away from the primary fracture
site.24 The majority of fractures are oriented in a frontal or near-
frontal plane, but occasionally sagittally oriented fractures are
seen.25 Variable degrees of periosteal and endosteal callus may
be present, as will soft tissue swelling and more diffuse osteolytic
and proliferative periosteal reaction associated with previous
‘bucked shins’ in many horses.

Radiographs may be negative in acute cases. As with other
stress fractures, high-detail radiographic films or xeroradi-
ographs are advantageous for detecting subtle cortical abnor-
malities. When initial radiographs are negative or have
equivocal findings, and clinical signs and/or scintigraphic
findings are highly suggestive of stress fracture, follow-up
radiographs should be taken in 7–10 days.

Treatment and prognosis

Therapeutic aims

The primary goal of treatment for dorsal cortical stress frac-
tures of MC-III is to promote fracture healing and, although
uncommon, minimize the potential for catastrophic fracture.
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Fig. 17.3
Lateral bone-phase
scintigraphic image
of the left
metacarpus of a 
3-year-old
Thoroughbred race
horse with a dorsal
cortical stress
fracture of MC-III.
Notice the focal
area of moderately
intense abnormal
increased
radiopharmaceutical
uptake in the dorsal
cortex (arrow).

Fig. 17.4
Lateral radiograph of
the left metacarpus
of a 3-year-old
Thoroughbred with a
typical dorsal
cortical stress
fracture (arrow).



Therapy

Complete cessation of exercise (stall confinement) and anti-
inflammatory treatment are the initial steps in the immediate
postfracture period. A light padded bandage and local cold
therapy (hosing/icing as previously described), along with
NSAID treatment for a few days, are helpful to reduce soft
tissue swelling and improve comfort in the acute phase.
Non-surgical management There is debate among clini-
cians regarding the merits of surgical and non-surgical man-
agement of dorsal cortical stress fractures of MC-III. These
fractures are notorious for being slow to heal or for following
an unpredictable course between horses.12,19 Fractures in
younger horses (2 and 3 year olds), those that enter the
medullary cavity or that involve the metaphyseal regions are
the most likely to heal expediently without surgical interven-
tion. In general, this involves a period of 3–4 months of con-
trolled exercise; however, it is not unusual for some fractures
to require 4–6 months or longer for satisfactory healing.26

When non-surgical management is chosen, 4–6 weeks of
stall confinement with daily hand-walking is recommended.
This is followed by 6–8 weeks of controlled exercise in the
form of small paddock turnout or very light jogging. Some
form of controlled exercise is important to stimulate remodel-
ing and fracture healing.20,21 Complete cessation of exercise
for a prolonged period (e.g. long-term stall confinement)
favors the development of a chronic fracture (i.e. a delayed or
non-union).

Follow-up radiographs should be taken every 4–6 weeks to
assess healing before increasing the intensity of exercise or
for determining whether surgical intervention is warranted
(to overcome delayed healing). Follow-up scintigraphic scans
can also help in making these decisions.3 A radiographically
visible fracture exhibiting low or diminishing scintigraphic
activity would warrant strong consideration as a candidate
for surgery.
Surgical management With the above exceptions, the
majority of horses with acute dorsal cortical stress fractures
of MC-III, and all horses with chronic fractures, are candi-
dates for surgical intervention. Surgical treatment stimulates
healing, thereby assuring a more rapid and predictable con-
valescence, and in the hands of an experienced surgeon
carries a low rate of complications.

Surgery involves either osteostixis (fenestration), screw
fixation (either positional or compression) or a combination of
the two. One clear disadvantage of screw fixation over
osteostixis alone is the need for a second surgical procedure to
remove the screw. For any technique, the procedure can be per-
formed with the horse under general anesthesia or standing
under sedation and using local anesthesia (high palmar analge-
sia with a dorsal ring block). This author prefers sedation and
local anesthesia unless the temperament of the horse is excep-
tionally fractious. There is a slight increase in risk for non-
catastrophic complications (e.g. contamination/infection or
drill bit or tap breakage if the horse moves unpredictably), but
the risk of catastrophic fracture during recovery, although rare,
and other potential anesthetic-related problems is eliminated
and the overall length of the procedure is minimized.

The surgical approach is similar with any method,
although if just a single screw is being placed some surgeons
elect to perform this through a small stab incision. After
routine aseptic preparation and draping, the fracture should
be localized using radiopaque markers. (In many cases it is
not possible to accurately identify the fracture simply
through surgical exposure and periosteal elevation.) A row of
stainless steel skin staples or hypodermic needles inserted per-
pendicular to the skin is placed along the dorsal metacarpus
in the region of the fracture and a lateral (or slightly oblique
if appropriate) radiograph is taken.
Osteostixis A 4–6 cm longitudinal incision is created
between the digital extensor tendons, centered over the frac-
ture, and extended through all tissues, including the perios-
teum, in a single cut. Self-retaining retractors (Gelpi, sharp
Weitlaner) are used to maintain exposure and the periosteum
is elevated. Four to six holes in a diamond pattern are then
drilled across the fracture line perpendicular to the long axis
of MC-III and entering the medullary cavity, using the pre-
placed markers as a guide. It is appropriate to monitor hole
placement radiographically and therefore a radiograph
should be taken after the first hole is drilled to ensure proper
location. Successive holes are then drilled using the first hole
as a reference point.

Drill bit preference varies with surgeon but 2.5–3.5 mm
diameter bits are appropriate. Smaller bits (e.g. 2.0 mm) are
more easily broken in the standing patient and larger holes
may unnecessarily weaken the bone, as does an excessive
number of holes.27 Distance between holes should be kept at
approximately 1.0 cm. A large number of holes placed close
together can result in sequestrum formation or resorption of
a core of bone or significantly weaken MC-III. Copious lavage
during drilling, and frequent cleaning of the bit, are impor-
tant to minimize the potential for the bit to break. After final
radiographic confirmation of adequate hole placement 
the extensor tendons, subcutaneous fascia and skin are
closed routinely in separate layers and a padded bandage is
applied.

Horses are confined to a box stall for a total of 4–6 weeks
following surgery. Skin sutures are removed 12–14 days 
postoperatively, at which time daily hand-walking exercise
should commence. A bandage is maintained for 2–3 weeks
after surgery. After this period of stall confinement and hand-
walking, horses are allowed daily turnout exercise in a small
paddock for 4 weeks. If at that point follow-up radiographs
reveal good progression of healing, daily light jogging exer-
cise can begin. Harder training should not commence until
fractures have sufficiently healed radiographically. Drill holes
may persist radiographically for many months (beyond the
point of fracture healing), even while horses are training at
speed. Based on studies in other species28 and on clinical
observation in horses,21 it is assumed that these holes should
no longer act as stress risers by that stage.

Osteostixis is believed to accelerate or promote healing by
facilitating access of mesenchymal cells and other osteogenic
medullary elements to the fracture line.7,29 The ‘cores’ of new
bone that form across the fracture line may act to stabilize the
fracture and further promote healing.30 Osteostixis may also
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stimulate fracture healing through activation of the ‘regional
acceleratory phenomenon’.31

Screw fixation If osteostixis is to be employed along with
screw placement, the surgical approach is identical to that
described above. If a single screw is being used without
osteostixis a smaller (~1.0 cm) ‘stab’ incision can be used. A
3.5 or 4.5 mm ASIF cortical screw is appropriate. Regardless
of the technique, either compression (‘lag screw’) or posi-
tional (‘neutral’), screws are placed in a unicortical manner.
Transcortical screws that engage the palmar cortex are con-
traindicated and no longer recommended, as they are associ-
ated with a higher incidence of osteolysis around the implant
and implant-associated pain,12 as well as fracture and the risk
of suspensory ligament damage during placement.32

Unicortical screws placed in lag fashion to create compres-
sion provide the greatest degree of stability, but the technique
is challenging given the width of the fragment/cortex.
Standard ASIF techniques are employed and great care is
required to ensure adequate position and depth of the glide
hole. Once the glide hole is created the pilot hole is drilled and
tapped, the hole is countersunk and a screw of appropriate
length is inserted. Screws should be placed as close to per-
pendicular to the fracture line as possible. For positional
screw placement the technique is similar but a glide hole is
not created. Osteostixis, if employed, is then performed as
previously described and the incision is closed routinely (skin
sutures may only be necessary for smaller stab incisions).

Bandaging and initial aftercare are similar to that
described for osteostixis. Screw removal is usually performed
between 2 and 3 months after surgery. Proponents of the
combination of a positional screw and osteostixis feel that 
2 months is generally adequate.20 The decision for screw
removal is based on adequate progression of healing on
follow-up radiographs. Screws are removed with the horse
standing and using sedation and local anesthesia. An addi-
tional period of controlled exercise is recommended before
resuming training following screw removal. This period
varies from 2 to 8 weeks.20,33 Unicortical screws in the dorsal
cortex of MC-III do not cause pain in all horses upon resump-
tion of training and return to racing.32 However, screw
removal in the early postoperative phase (i.e. at the 2–3
month point) obviates the need to take the horse out of train-
ing if pain develops and it eliminates the screw being impli-
cated as the cause for any number of unrelated problems in
the future.

The benefits of interfragmentary screw compression (‘lag
screw’ technique) in fracture healing are quite clear and well
understood. The mechanisms by which a neutral or posi-
tional screw acts specifically to promote or accelerate healing
of stress fractures of the dorsal cortex of MC-III remain
incompletely understood. In a recent uncontrolled study,20

dorsal cortical stress fractures of MC-III treated surgically by
a combination of screw fixation using a positional (non-
compression) screw and osteostixis were reported to heal
faster (95% of fractures healed in 2 months) than fractures
treated with osteostixis alone (3–4 months for radiographic
healing).21,23 Differences in postoperative exercise regimens
between studies may have influenced the results, but inter-

fragmentary stabilization and the ‘regional acceleratory phe-
nomenon’ have been proposed as mechanisms by which
screws facilitate fracture healing over osteostixis alone.20

Prognosis

The prognosis for horses to return to racing following healing
of dorsal cortical stress fractures of MC-III is generally very
good. Eighty-two to 89% of Thoroughbreds in the US
returned to race at least once following osteostixis.21–23 One
report on the outcome following screw fixation and
osteostixis in Thoroughbreds indicated that 94% raced at
least once postoperatively.20 The majority of horses in all
studies returned to compete at their prefracture levels.

A small percentage of horses experience repeat fracture or
new fractures upon resumption of training and racing,
regardless of treatment modality.20,21 Recurrent fractures
presumably result from inadequate healing (i.e. delayed
union) and this may occur up to a year or more following
treatment and return to training. New fractures developing
at the site of an osteostixis hole have been reported.21

Development of new fractures may also be related to training
methodology in these horses (see below). Catastrophic frac-
ture upon resumption of training and racing, although
uncommon, has also been reported in Thoroughbreds.22

Etiology and pathophysiology

Dorsal cortical stress fractures of MC-III are a classic example
of fatigue fractures that result from failure of bone to adapt to
accumulated high-strain cyclic loading.34,35 The reader is
referred to the chapter on stress-induced bone disease and
maladaptive remodeling syndromes (Chapter 7) for a detailed
discussion of this topic.

Epidemiology

See the previous section on ‘bucked shins’ for additional
details of the epidemiology of DMD.

Almost all Thoroughbreds with dorsal cortical stress frac-
tures of MC-III experience a previous episode of clinical
‘bucked shins’19 and the same observation has been made in
Quarter horses.1 It has been estimated from older studies that
10–15% of Thoroughbreds which develop ‘bucked shins’ will
go on to experience a true stress fracture in 6–12
months.12,19 Therefore, this subgroup of DMD cases in
Thoroughbreds is slightly older than the ‘bucked shins’
group, typically 3–5 years of age, but even horses older than
5 occasionally present with this injury. In contrast, dorsal
metacarpal stress fractures in Quarter horses are seen pre-
dominantly in 2 year olds.1

In Thoroughbreds, these fractures appear to be more
common in males than females,20–23 but whether this simply
reflects a referral bias or a true physiologic difference between
males and females remains incompletely understood.21,36,37

Fractures most commonly involve the left forelimb in
Thoroughbreds in the US (72–91%).20–22 This has been
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attributed to increased strains on this limb as a result of the
counterclockwise direction of racing in this country.

Prevention

The reader is referred to the discussion of DMD prevention
under ‘bucked shins’ (previous section) for details on the role
of training modification and altering training surfaces.

Prevention of stress fractures in horses with DMD also
involves early detection of bone disease or the ‘prefracture state’.
In addition to a high index of suspicion that should be main-
tained for horses that have experienced an earlier episode of
‘bucked shins’, careful physical examination and the use of
diagnostic imaging modalities such as nuclear scintigraphy and
thermography to detect prefracture pathology should enable
identification of horses at risk of impending fracture.

Condylar fractures
(parasagittal or longitudinal
fractures of the distal third
metacarpus and metatarsus)

● Condylar fractures are high-speed injuries affecting race
horses of all breeds.

● The lateral condyles in the forelimbs of young
Thoroughbreds are most commonly affected.

● Condylar fractures are presented as an acute injury during
or shortly after a race or workout.

● Horses are markedly lame and clinical signs are highly
consistent with a fetlock injury.

● Surgical treatment involves interfragmentary screw com-
pression.

● Some non-displaced fractures can be managed non-surgi-
cally with a favorable outcome.

● The prognosis for return to racing for most horses with
non-displaced lateral condylar fractures is favorable.

● The prognosis for most horses with displaced lateral
condylar fractures is guarded.

● Medial condylar fractures are associated with a significant
risk for catastrophic fracture of the affected bone.

● Treatment of medial condylar fractures may necessitate
supplemental internal fixation to mitigate catastrophic
failure.

● The prognosis for future athletic soundness for most
horses with medial condylar fractures is favorable if cata-
strophic fracture is avoided.

Condylar fractures are common high-speed injuries in race
horses of all breeds.38–43 However, they most commonly
affect the lateral condyle of MC-III in Thoroughbreds39,42,43

and are only rarely seen in non-race horses.
Fractures can involve the medial or lateral condyles. Lateral

fractures are categorized as incomplete, complete/non-
displaced or complete/displaced. Medial condylar fractures fall

into three categories: ‘short’ (simple, sagittally oriented frac-
tures involving only the distal metaphysis/diaphysis); ‘spiral’
(fractures that propagate proximally in a spiral configuration
and remain a simple fracture); and ‘Y fractures’ (long sagittal
fractures that abruptly change configuration or direction in the
mid-diaphysis) (Fig. 17.5).

Recognition

History and presenting complaint

The classic presentation of a horse with a condylar fracture is
an acute onset of moderate-to-severe lameness during or imme-
diately after a race or high-speed work. In most cases the rider or
driver is immediately aware that the horse has sustained an
injury. In others, the horse successfully finishes the race or
workout with lameness immediately obvious after pulling up
(slowing down). Less commonly, the injury will not become
apparent until several hours after the horse has ‘cooled out’ 
or even until the following day. Acutely, most horses exhibit
lameness of varying degrees at a walk. Joint effusion and peri-
articular soft tissue swelling may also be noted.

The vast majority of horses are not able to continue train-
ing. On rare occasions a horse with a chronic fracture (gen-
erally short and incomplete) will be presented with a history
of recurrent lameness and/or poor performance that is exac-
erbated with exercise. Some horses have a history of seem-
ingly minor or low-grade ‘soreness’ on the affected limb or
other concerns of an ‘ankle problem’, for several days or
weeks prior to overt acute fracture (see discussion of patho-
physiology below).

Physical examination

In the majority of horses with acute condylar fractures there
is little difficulty identifying the location of the injury. Most
horses have obvious heat and effusion of the involved fetlock
joint and flexion will elicit a marked painful response. In
horses with displaced lateral condylar fractures there is typi-
cally soft tissue swelling over the affected condyle and a
noticeable deviation in the contour of the metaphysis. The
same is true for horses with medial condylar fractures that
have become displaced or have failed catastrophically in the
diaphysis. (Open and/or unstable fractures in this category
are common and are not a diagnostic challenge.)

Horses with chronic fractures (typically a non-displaced,
short, lateral condylar fracture) tend to have less soft tissue
swelling, but joint effusion and pain on lower limb (‘fetlock’)
flexion persist, although the degree will vary from horse to
horse.

Lameness examination

Radiographs should be taken first in all cases of suspected
condylar fracture before proceeding with a formal lameness
examination. Owing to the severity and relative specificity of
the clinical signs, a full diagnostic lameness evaluation is gen-
erally unnecessary in these horses.
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Fig. 17.5
Dorsal-palmar/plantar radiographs of
the metacarpo/metatarsophalangeal
joints and distal MC-III/MT-III of
various horses depicting different
configurations of condylar fracture.
(A) Incomplete lateral condylar
fracture. (B) Complete, non-displaced
lateral condylar fracture.
(C) Complete, displaced lateral
condylar fracture. (D) Medial
condylar fracture with spiral
configuration. (E) Medial condylar
fracture with mid-diaphyseal ‘Y’
configuration (arrow).



Acutely, the majority of horses with a condylar fracture
exhibit mild-to-moderate lameness at a walk. Some exhibit lim-
ited weight bearing but generally after a few days of rest, band-
aging and anti-inflammatory treatment, most will bear full
weight and walk readily. In the early postfracture period these
horses generally remain moderately to severely lame at a trot in-
hand (grade 2–4 of 5). Horses with chronic, incomplete frac-
tures typically exhibit mild-to-moderate lameness at a trot
(grade 1–3 of 5). Lameness in horses with chronic displaced
fractures is often quite severe as degenerative joint disease
progresses.

Diagnostic confirmation

Diagnostic analgesia Diagnostic analgesia is rarely
needed to localize the site of pain in horses with condylar

fractures and is contraindicated in all horses with clinical
signs typical of acute fracture given the risks for exacerbation
of the injury (i.e. development of a complete or even cata-
strophic fracture). In the exceptional case of a horse with a
chronic, incomplete or unicortical lateral condylar fracture44

(a horse that has been able to continue some level of exercise
or does not have a history of acute onset of marked lameness
and joint effusion), a full lameness examination with diag-
nostic analgesia would be acceptable. In these horses a low
palmar/plantar nerve block or intra-articular local anes-
thetic block of the fetlock joint will result in improvement of
the lameness.
Scintigraphy Nuclear scintigraphy is rarely needed to
assist in the diagnosis of condylar fracture. Nonetheless,
condylar fractures are readily detected scintigraphically and
occasionally are identified on scans of horses with acute
lameness for which specific clinical signs are lacking or
equivocal.

Scintigraphy is of greatest value in identifying chronic
condylar fractures. Depending on the stage of disease
(chronicity), these appear as focal areas of mild-to-intense
abnormal increased radiopharmaceutical uptake in the distal
metacarpus/metatarsus. Scintigraphic activity is often most
intense in the palmar/plantar aspect of the condyle.
Radiography Four standard radiographic projections
(lateral, dorsopalmar/plantar, DLPMO, DMPLO) of the
involved fetlock are indicated for all cases of lateral condylar
fracture. Ideally, these should include the full length of the
metacarpus/metatarsus because on rare occasions fracture
lines will extend proximally into the diaphysis. Radiographs
of the full metacarpus/metatarsus are mandatory for all cases
of medial condylar fracture given the propensity for these
fractures to extend into the proximal diaphysis, and the con-
cerns of mid-diaphyseal comminution and the associated
potential for catastrophic fracture.45

A flexed dorsopalmar/plantar projection46,47 is also rec-
ommended to evaluate the palmar/plantar aspect of the
condyles for the presence of a comminuted fragment at the
articular surface (Fig. 17.6). Similarly, the proximal sesamoid
bones should be scrutinized for the presence of any associ-
ated fractures – in particular, axial fractures of the lateral
proximal sesamoid, which are most commonly associated
with displaced lateral condylar fractures42,48 (Fig. 17.7). It is
important to note the presence of any additional pathology
such as dorsal P1 chip fractures (flexed lateral radiographs
are beneficial here), so that these can be addressed at the time
of surgery, or signs of degenerative joint disease so that their
potential impact on the horse’s prognosis can be appropri-
ately considered.

Treatment and prognosis

Therapeutic aims

The goals in treating condylar fractures are to reduce healing
time and minimize the potential for further degenerative
changes in the affected joint. Optimal anatomic reconstruc-
tion of the articular surface and stabilization of the fracture
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Fig. 17.6
(A) Routine
dorsopalmar
radiograph of the
metacarpophalangeal
joint of a horse with
a complete,
displaced condylar
fracture of MC-III.
(B) Flexed 125°
dorsopalmar
projection of the
same joint revealing
a comminuted
fragment at the
palmar aspect of the
metacarpal condyle
(arrow).



are the keys. When dealing with medial condylar fractures
(and the rare lateral fracture that extends into the mid-
diaphysis), prevention of a catastrophic fracture is also
paramount.

Therapy

Emergency treatment Horses with acute condylar frac-
tures should be confined strictly to a stall. The majority of
non-displaced or incomplete lateral condylar fractures can be
managed by coaptation with a firm, padded bandage pending
definitive treatment (see below). Horses with displaced lateral
condylar fractures are initially best managed by more rigid
coaptation with the distal limb in a neutral or ‘equinus’ posi-
tion (oriented such that the metacarpus/metatarsus and digit
are in line). This can be accomplished with a dorsally applied
splint and bandage that extends from the toe to just distal to
the carpus or tarsus (such as a Kimzey splint®). This type of
coaptation is important until the full extent of the injury can
be assessed to rule out concurrent suspensory apparatus
pathology and to prevent further fracture displacement and
damage to the fetlock joint.

Horses with short medial condylar fractures should at
least be managed with a rigid heavily padded bandage (such
as a Robert-Jones bandage), with the addition of splints a
prudent option. In horses with radiographically identifiable
fracture lines in the mid-diaphysis, dorsally and laterally
applied splints in the forelimb (extending to the elbow) or
plantar and lateral splints in the hindlimb extending to the
point of the hock are recommended. Rigid coaptation with a
bandage and splints or application of a well-constructed full-
limb cast should also be considered prior to transportation
given the propensity for catastrophic failure.42,45

NSAIDs are administered as needed for analgesia.
Non-surgical management In certain cases of short,
incomplete condylar fractures, particularly those in which
economic considerations preclude surgery, non-surgical

treatment can result in a good outcome.39,42,49 The distal limb
is kept in a bandage for 2–3 weeks to help minimize any soft
tissue swelling and to provide some support. NSAIDs are
administered only as needed to provide analgesia. Generally,
the majority of horses in this category are quite comfortable
within a few days to a week or so following the injury. Horses
initially should have 1–2 months of strict stall rest, followed
by another 1–2 months of stall confinement with daily 
hand-walking exercise. Follow-up radiographs are repeated 
3 months from the time of fracture and if healing is progress-
ing well, exercise in the form of small paddock turnout can
begin. Under ideal circumstances, fractures heal in approxi-
mately 4 months.

The major disadvantage of non-surgical treatment is the
tendency for fractures to exhibit delayed healing at the 
articular surface.39,49,50 Resumption of training should not
commence until fractures have completely healed and this
may take up to 6 months or longer in some horses treated
non-surgically. However, in a small percentage of horses 
a gap or defect in the subchondral bone may persist
indefinitely well beyond the point at which the fracture has
healed, which can complicate the decision on when to
resume training.
Surgical treatment of lateral condylar fractures With
the exceptions noted above, interfragmentary screw compres-
sion33,51 is the treatment of choice for the majority of horses
with lateral condylar fractures. Surgical treatment is impera-
tive for all horses with displaced fractures, regardless of their
intended future use. The severity of the degenerative joint
disease that develops in horses with untreated displaced frac-
tures, even within a few months, is crippling and horses that
are not surgical candidates should be euthanized.

Surgery is performed with the horse in lateral recumbency
under general anesthesia with the affected limb up. The limb
is clipped and aseptically prepared from the foot to the carpus
or tarsus and draped to allow access to the fetlock and distal
metacarpus/metatarsus.

Non-displaced fractures are compressed and stabilized using
4.5 mm or 5.5 mm cortical screws placed in lag fashion
through stab incisions. The most distal screw is inserted first and
should be centered in the epicondylar fossa. Screw position
should be monitored radiographically or fluoroscopically
throughout the procedure. Countersinking is not necessary for
this screw since the contour of the bone at this level accepts the
head of the screw. Given the density of the trabecular bone in
this location, it is not necessary for this screw to engage or exit
the trans (medial) cortex to achieve adequate holding power
and compression. This avoids having the tip of the screw
impinging on or irritating the medial collateral ligament.

Subsequent screws are placed proximally at 1.5–2.0 cm
intervals and in contrast to the most distal screw, these holes
must be countersunk (Fig. 17.8). Care should be taken not to
place a screw too close to the apex (proximal extent) of com-
plete fractures since this may cause fragmentation when the
screw is tightened. Arthroscopic exploration of the joint is
optional (unless chip fractures or other lesions are present),
but this does allow thorough evaluation, which may identify
radiographically occult pathology.
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Fig. 17.7
Dorsopalmar
radiograph of the
metacarpophalangeal
joint of a horse with
a lateral condylar
fracture and
associated axial
fracture of the
lateral proximal
sesamoid bone
(arrow) 
(same case as in 
Fig. 17.6).



Displaced lateral condylar fractures must be reduced prior
to screw compression. Different techniques can be employed
depending on individual preferences and the degree of dis-
placement. If the fracture is not more than a few days old
reduction can often be achieved under arthroscopic visuali-
zation while manipulating the limb and fragment. Alter-
natively, reduction can be monitored through a small incision
near the apex of the fracture or through a small arthrotomy.
Arthroscopy has the advantage of allowing thorough evalu-
ation of the joint and some debridement of the fracture gap to
facilitate reduction.

Fractures that are more chronic or any that require exten-
sive debridement that cannot be accomplished arthroscopi-
cally must be reduced through a large dorsal arthrotomy.
This incision is located over the fracture line and extends from
the apex of the fracture to the distal insertion of the fetlock
joint capsule on P1. Any blood clots, fibrin and bone frag-
ments are cleaned from the fracture line and the fracture is
then reduced.

Reduction is maintained with self-retaining bone reduc-
tion forceps. Alternatively, a 2 mm drill bit can be inserted
through the fragment and into the parent bone to maintain
reduction. Screws are inserted in a manner similar to that
described for non-displaced fractures. Screw position and
articular alignment are checked radiographically or fluoro-
scopically prior to closure and recovery from anesthesia.
Failure to anatomically reconstruct the articular surface is an
inexcusable technical error.

Stab incisions are closed with simple interrupted skin
sutures using a 2-0 monofilament. Arthrotomies are closed
in multiple layers, consisting of joint capsule/deep fascia,
subcutaneous fascia and skin. A sterile dressing is applied to
cover all incisions. Horses should be recovered from anesthe-
sia in a half-limb fiberglass cast, although some surgeons do
not customarily apply casts for horses with incomplete frac-
tures. A customized compression boot (e.g. Farley boot®) is an
alternative. Assistance during recovery in the form of head
and tail ropes should be provided where feasible.

Casts or splints are removed within 24 hours of recovery
and a firm, padded bandage is maintained for 2–3 weeks fol-
lowing surgery. NSAIDs are administered for a few days to
provide analgesia and help decrease the inflammatory
response in the joint. For the majority of horses antibiotics
are limited to a single preoperative dose of an intravenous
broad-spectrum antimicrobial or combination of antimicro-
bials. For horses undergoing an arthrotomy, antibiotic treat-
ment is continued for 24–48 hours. Skin sutures are removed
10–14 days after surgery. Horses receive strict stall
confinement for 1 month, followed by 1–2 months of stall
rest with increasing daily hand-walking exercise. Follow-up
radiographs are taken 2–3 months postoperatively and if
healing is progressing satisfactorily, horses are allowed a
minimum of 1–2 months of small paddock turnout before
gradually resuming training.

Screw removal is not customarily recommended following
repair of lateral condylar fractures. However, screw-
associated pain in some horses upon resumption of high-
speed exercise has historically been a concern. Subchondral
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Fig. 17.8
(A) Preoperative
dorsopalmar
radiograph of the
metacarpophalangeal
joint of a horse with
an incomplete lateral
condylar fracture.
(B) Postoperative
radiograph following
interfragmentary
screw compression
using 4.5 mm cortical
screws in lag fashion.



bone reaction (‘subchondral stiffening’) or collateral liga-
ment irritation, associated with the most distal screw, have
been proposed as possible causes.52,53 Another possible expla-
nation is simply pain and lameness associated with degener-
ative joint disease or from an unrelated injury, with the screw
being implicated as the cause. In the author’s experience,
screw-associated pain is very rare. Surgeons that advocate
screw removal generally do so between 3 and 4 months fol-
lowing surgery. Others remove screws only when there is
strong reason to suspect them to be causing problems. In any
situation, this can usually be accomplished with the horse
standing under sedation and using local anesthesia. Screws
are identified (using radiographs if necessary) and removed
through stab incisions. An additional 2 months of rest and
controlled exercise are recommended before resuming hard
training.
Surgical treatment: medial condylar fractures ‘Short’
medial condylar fractures (sagittally oriented fractures that
do not extend proximal to the distal diaphysis) are repaired in
a manner similar to that described for non-displaced lateral
condylar fractures.

Medial condylar fractures that extend proximally in a
spiral configuration are approached through a long dorsal
incision that splits the digital extensor tendons. The peri-
osteum is elevated and the fracture line inspected for any
signs of radiographically inapparent comminution or mid-
diaphyseal divergence of fracture lines. The most distal
screws are inserted through separate stab incisions (as above)
and subsequent screws are inserted perpendicular to the frac-
ture plane at 2.0–2.5 cm intervals through the long dorsal
incision. Application of a dorsal or dorsolaterally positioned
dynamic compression plate (DCP) is an alternative to help
minimize the potential for catastrophic failure (see below).54

Care should be taken not to unnecessarily traumatize the
splint bones, suspensory ligament or other soft tissues during
drilling and tapping. Screw length and position should be
monitored radiographically or fluoroscopically to ensure that
they do not engage soft tissues or the splint bones. Similarly,
screws that are placed through a fracture line can
significantly weaken the bone and increase the risk for cata-
strophic fracture51 and this should be avoided.

Long sagittally oriented fractures that exhibit mid-
diaphyseal comminution or the so-called ‘Y’ configuration
are at high risk for catastrophic failure, either preoperatively
or in the early postoperative period. Fractures of this nature
are almost exclusively seen in MT-III.42,45 However, because
of the potential adverse consequences, all medial condylar
fractures should be regarded as having the possibility of cata-
strophic failure. These fractures should be treated with a
combination of interfragmentary screw compression fol-
lowed by application of a broad DCP that spans the length of
MT-III.

Screws that compress the sagittal (distal) component are
inserted through a combination of stab incisions (for the
condylar screws) and through the long dorsal incision as pre-
viously described. Alternatively, plate screws inserted in lag
fashion can be used to compress the fracture, although they
will not be absolutely perpendicular to the fracture plane. A

4.5 mm, broad DCP of appropriate length is then applied
along the dorsal or dorsolateral aspect of the bone, using
4.5 mm or 5.5 mm cortical screws and routine ASIF tech-
niques. Again, care should be taken not to place a screw
through a fracture line.

The dorsal incision is closed routinely in multiple layers
and stab incisions are closed with skin sutures. Unless a pool
recovery system is available, horses with medial condylar
fractures that have not been plated should be recovered from
anesthesia in a full-limb cast and recovery should be assisted.
A cast is also prudent for cases in which plates have been
applied but the risks of a full-limb cast, particularly in the
hindlimbs, should be taken into consideration.

Postoperative care and exercise restriction are similar to
that for lateral condylar fractures with a few exceptions.
Hand-walking exercise does not begin until 2 months post-
operatively in cases of spiral or long sagittal fracture.
Antimicrobial treatment may be extended for an additional
24–48 hours in cases of plate application.

Horses that are intended to resume athletic careers must
have plates and any independent screws placed in a dorsal-
palmar/plantar direction removed prior to resumption of
training. This is generally performed 3–4 months postopera-
tively under local anesthesia and is followed by an additional
2 months of convalescence.

Prognosis

The prognosis for horses with non-displaced lateral condylar
fractures is generally very good. Results of retrospective
studies indicate that 61–86% of Thoroughbreds with non-
displaced fractures will race successfully following surgical
treatment.39,42,49,53,54 The prognosis for horses with dis-
placed fractures is less favorable, with a reported range of
18–48% successfully returning to racing following surgical
repair.39,42,49,53,54 Fractures in the hindlimbs carry a more
favorable prognosis, with 34% versus 76% of horses with
complete fractures, and 79% versus 93% of horses with
incomplete fractures of the front and hindlimbs, respectively,
returning to racing in one study.42

Differences in prognosis between displaced and non-
displaced fractures can be attributed to several factors,
including a greater degree of articular and periarticular
trauma associated with the original injury or with an open
surgical approach, or technical errors during surgery for dis-
placed fractures resulting in poor reduction and realignment
of the articular surface.

The presence of a concurrent axial fracture of the proxi-
mal sesamoid (typically the lateral sesamoid) has also been
shown to impart a poor prognosis for racing in
Thoroughbreds with condylar fractures.42

Convalescent time (time from injury to first postoperative
start) for horses with lateral condylar fractures generally
ranges from 6 to 12 months, with an average of 8–9 months.
This time is generally slightly shorter for non-displaced 
fractures and longer for horses with displaced fractures, but
will vary considerably depending on the specifics of each
case.
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The propensity for catastrophic fractures to occur in
horses with medial condylar fractures is now well recognized.
The prevalence of this complication has been reported at
25–40% and can occur even up to several weeks following
surgery if supplemental plate application is not util-
ized.39,42,45 However, if catastrophic failure is not encoun-
tered, the prognosis for these horses to return to racing
soundness is generally quite good following implant
removal.42,45,54 It should be noted that convalescent time for
horses with medial condylar fractures tends to be longer than
for those with fractures of the lateral condyles and has been
attributed to a prolonged period of controlled exercise associ-
ated with implant removal.42,54

Etiology and pathophysiology

Etiology

There is increasing evidence to suggest that condylar frac-
tures are another form of fatigue fracture in horses associ-
ated with repetitive trauma, or cyclic strain, incurred during
high-speed exercise (see Pathophysiology below).

Pathophysiology

It is recognized that condylar fractures originate in the
palmar/plantar articular surface of the condyles of distal
MC-III/MT-III.39,44,49,55 In race horses, the subchondral bone
in the region of the condyles undergoes intense adaptive and
maladaptive remodeling in response to the strains of high-
speed exercise.55–57 There is ample evidence, both grossly and
histologically, of degenerative changes in the subchondral
bone associated with lateral condylar fractures58 (Fig. 17.9).
These findings suggest that condylar fractures are another
manifestation of a cyclic fatigue injury, rather than an acute
fracture in otherwise normal bone.

A recent series of morphologic studies in Thoroughbred
race horses has added further support to this theory. Riggs et
al (1999)59 demonstrated that as training progresses, high-
speed strains stimulate subchondral sclerosis in the
palmar/plantar aspect of the condyles of MC-III/MT-III. This
results in the development of a steep density gradient
between the subchondral bone of the condyles and the adja-
cent sagittal ridge. The investigators proposed that this
density gradient results in stress concentration in this region
of MC-III/MT-III (the ‘condylar groove’), which is the loca-
tion of the majority of condylar fractures. A related post-
mortem study demonstrated that small fissures develop first
in the zone of calcified cartilage in this area.60 When
sufficient pathologic forces are generated on the condyle,
overt fracture may then occur. Because the trabecular bone
in the distal metaphyses is organized into sagittally oriented
plates61 – an adaptation to resist the strong bending loads
applied in the dorsal-palmar/plantar direction – these frac-
tures propagate in a characteristic sagittal configuration and
course axially or abaxially depending on the location of the
fracture (i.e. medial or lateral condyle).60

It is reasonable to conclude that cyclic fatigue initiates the
pathologic changes that predispose the bone to fracture.
However, from a purely biomechanical standpoint, it has
been proposed that overt fracture occurs in association with
excessive dorsiflexion (hyperextension) of the fetlock joint
and disruption of the normal synchronous rotation of P1 on
MC-III/MT-III at the end of the weight-bearing phase of the
stride.62–66 Several recent post-mortem epidemiologic studies
on racing Thoroughbreds in the US have implicated shoes
with toe grabs and poor dorsopalmar hoof balance
(specifically long toe/low heel or ‘under-run’ heel conforma-
tion) as potential risk factors.67,68 Presumably, these shoe and
hoof characteristics may biomechanically contribute to, or
exacerbate, the abnormal forces that predispose to condylar
fracture.
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Fig. 17.9
Post-mortem photograph of the lateral condyle
of MC-III from a horse with a complete,
displaced lateral condylar fracture. Notice 
the well-demarcated degenerative lesion in the
subchondral bone in the palmar aspect of the
condyle (needle).



Epidemiology

Condylar fractures most commonly occur in young
Thoroughbred race horses but they also occur in
Standardbred, Quarter Horse and Arabian race
horses.39,42,43,49 In one study in racing Thoroughbreds in
Britain, condylar fractures and sagittal fractures of the first
phalanx were the two most common fractures occurring
during racing or race training, each accounting for approxi-
mately 15% of all fractures.41 In another study in the US,
approximately 20% of Thoroughbreds euthanized for muscu-
loskeletal injury on California racetracks had lateral condylar
fractures of MC-III.40

In Thoroughbreds, condylar fractures occur more fre-
quently in the forelimbs, and lateral fractures are much more
common than medial.39,42,43,49 However, in Standardbreds
there is a more even distribution between fore and hindlimbs
and there may be a more equal distribution between lateral
and medial fractures.42 This difference in fracture distribu-
tion between the two breeds can presumably be attributed to
biomechanical differences between the gallop or pace/trot.
Among Standardbreds, pacers may be more commonly
affected than trotters.42

Prevention

While the vast majority of condylar fractures present as an
acute injury there is increasing evidence that condylar frac-
tures are fatigue fractures (see Etiology and pathophysiology
above). In theory, early detection of pathologic changes in the
subchondral bone of the distal metacarpus or metatarsus
should enable intervention prior to fracture. At present,
bone-phase nuclear scintigraphy offers the most sensitive
means for detecting maladaptive remodeling processes in the
clinical setting.55–57 Horses with abnormal increased radio-
pharmaceutical uptake in the distal palmar or plantar sub-
chondral bone of MC-III/MT-III should be regarded as being
at increased risk for condylar fracture, and modifications in
training intensity would be warranted. Common sense would
also dictate that horses with clinical signs of a problem in the
fetlock joint be thoroughly evaluated.

Proliferative periostitis of the
small metacarpal/metatarsal
bones/interosseous desmitis
(‘splints’)

● Inflammatory lesions affecting primarily young athletic
horses of all breeds and uses.

● Recognized as a focal area of firm, painful swelling along
the shaft of the affected splint bone.

● Lesions on MC-II are most common, but all splint bones
can be affected.

● Lameness is generally mild to moderate, with acute or
insidious onset.

● Caused by exercise-associated strain and tearing of the
interosseous ligament with associated periostitis.

● Others caused by external trauma and resulting primary
periostitis.

● Majority respond to exercise restriction and anti-
inflammatory therapy.

● Surgery reserved for chronic or recalcitrant cases.
● Prognosis is generally favorable.

‘Splints’ are inflammatory lesions resulting from repetitive
strain during exercise, or from external trauma, that affect
the small metacarpal/metatarsal bones or splint bones (MC-
II/IV, MT-II/IV), and are seen in all varieties of athletic
horses.

Recognition

History and presenting complaint

Horses with ‘splints’ typically are presented with a mild-to-
moderate lameness having either an acute or insidious onset.
Many horses can continue training, albeit with impaired per-
formance, while others must be taken out of work. Lameness
may also be intermittent and quickly improve with rest, but
recurs upon resumption of exercise if the lesion has not been
allowed adequate time to heal. Whether or not lameness im-
proves, worsens or remains static during exercise is also
highly variable, but in most horses lameness worsens as exer-
cise progresses.

In addition to lameness, the other chief complaint or
clinical sign is a variable degree of focal swelling at the site
of the lesion. Astute trainers or owners may also recognize
the lesion to be painful on palpation. There is a subset of
young horses that develop ‘splints’ without overt lameness
and in these cases the cosmetic blemish is the primary
concern.

Physical examination

A ‘splint’ is recognized as a focal swelling along the shaft of
the affected bone that is smooth and firm to hard on palpa-
tion. In some cases the swelling is located axially and the
lesion can only be detected by palpation. Axially located
‘splints’ are most easily palpated with the limb held in
flexion while running the fingers along the shaft of the
splint.

There may be a single lesion or multiple lesions affecting
the same bone but, overall, a single lesion is most common.
Multiple lesions are most common on MC-II in young horses
associated with early training. In this group, ‘splints’ are also
commonly bilateral.

Horses exhibit variable degrees of pain on palpation of the
‘splint’. Pain is most severe in the acute stages and does not
always correlate well with the degree of swelling/exostosis.
Chronic ‘splints’ or those that have healed clinically are not
sensitive to palpation, but some horses react to firm skin pres-
sure and this can give a false-positive response.

Open wounds or abrasions may be present over the lesion
when the cause is external trauma.
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Lameness examination

Lameness, when present, typically is mild to moderate (grade
1–3 of 5).2 The majority of horses walk comfortably and only
exhibit lameness during exercise. Acutely, most horses will
exhibit lameness at a trot in-hand and the lameness tends to
be exacerbated with the affected bone on the inside of a circle
when working on a lunge line. Horses that are affected bilat-
erally may exhibit a ‘choppy’ or ‘stiff ’ gait bilaterally and not
a distinct ‘head nod’ or ‘hip hike’ per se. Firm digital pressure
on the splint will often exacerbate the lameness.

Other horses are only affected when working at speed.
Classic examples are the Standardbred race horse that is
bearing in or out, or is ‘on a line’ or ‘getting over on a shaft’,
or the performance horse that will not take or maintain the
appropriate lead.

Diagnostic confirmation

Diagnostic analgesia High palmar/plantar analgesia (a
‘high palmar/plantar block’) will reduce lameness in horses
with ‘splints’. Selectively blocking just the medial or lateral
nerves provides greater specificity. Local infiltration of anes-
thetic directly over the lesion is also an alternative method for
localizing the site of pain. Local infiltration may be less effec-
tive if a substantial component of the pain is related to
inflammation of the interosseous ligament and the anes-
thetic is deposited superficially (abaxially). The same is true if
there is suspensory ligament impingement as a component of
the lameness. In these horses a combination of successive
blocks may be necessary to pinpoint the problem.
Scintigraphy As with other inflammatory bone disorders,
nuclear scintigraphy is a very sensitive method for detecting
increased bone remodeling at the site of a ‘splint’. It should be
noted that the majority of acute ‘splints’ can be diagnosed on
physical examination. Nuclear scintigraphy, like diagnostic
analgesia, has its strongest application in ruling in or out
other potential causes for lameness, as well as monitoring
healing in exceptional cases.

Focal abnormal increased radiopharmaceutical uptake
will vary from mild to intense, depending on the stage of
disease (Fig. 17.10). As with many other conditions, scintig-
raphy will often be positive when radiographs are negative or
equivocal in the acute stages. Scintigraphic activity also tends
to persist after the lesions have healed clinically and there-
fore, results of physical/lameness examination, diagnostic
analgesia, radiographs and clinical experience are necessary
to formulate a therapeutic plan.
Radiographs Radiographic abnormalities may not be
evident with many acute ‘splints’, even in cases where con-
siderable external swelling is present (see Pathophysiology
below). For that reason, and because treatment for young
horses in early athletic training is not necessarily modified
based on radiographic findings, many clinicians do not rec-
ommend an initial set of radiographs in every case. However,
radiographs are essential to rule out a fracture and to assess
the nature and extent of any periosteal reaction – which is
particularly important in horses with chronic or recalcitrant
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Fig. 17.10
Lateral bone-
phase
scintigraphic
image of the left
metacarpus of a
horse with an
active
proliferative
periostitis lesion
(‘splint’). Notice
the focal area of
moderately
intense abnormal
increased
radiopharma-
ceutical uptake
affecting 
MC-IV (arrow).

Fig. 17.11
Dorsomedial-
to-palmarolateral
oblique radiograph of
the left metacarpus
of a horse with a
proliferative
periostitis lesion
(‘splint’) affecting
MC-II. Notice the
exuberant irregular
periosteal reaction,
which is typical of
lesions resulting from
external trauma.



‘splints’, cases where lameness is profound, those with a large
swelling/exostosis and certainly any with a draining wound.

Four views (lateral, dorsopalmar/plantar, DMPLO, DLPMO)
of the affected metacarpus/metatarsus are recommended,
although most information is obtained on the appropriate
oblique view that isolates the affected bone(s). Lesions that are
the result of internal trauma (exercise-associated cyclic strain)
most commonly have a variable degree of focal, smooth
periosteal reaction along the shaft of the affected splint bone. In
addition, there may be evidence of subtle osteolytic change
along the axial aspect of the bone (the region of the
interosseous ligament) as well as subtle or mild proliferative
and lytic changes in the underlying cannon bone. Lesions
resulting from external trauma are more likely to have an irreg-
ular and exuberant periosteal reaction (Fig. 17.11). It is impor-
tant to note that superimposition of normal and periosteal new
bone can result in misdiagnosis of a fracture in some cases if
radiographs are not interpreted carefully.
Ultrasound A sonogram is important for evaluation of
concurrent suspensory ligament pathology in cases with
potential impingement on this structure by a large exostosis.
Thermography In the hands of an experienced operator,
thermography can be useful in identifying active lesions.

Treatment and prognosis

Therapeutic aims

The goals of therapy for ‘splints’ are to reduce or eliminate
the inciting cause, reduce inflammation, minimize the size of
the exostosis and allow the lesion to become quiescent or ‘set
up’ (see Pathophysiology below).

Therapy

Exercise restriction The extent of exercise restriction
varies with each case and depends on the duration and sever-
ity of clinical signs and, to some extent, the use of the horse
and stage of training.

Most horses should be confined to a stall with exercise
limited to daily hand-walking until lameness and the majority
of the focal pain have subsided. In most cases this will be a
period of 2–6 weeks. However, this will also vary depending on
response to treatment. Exercise intensity is increased gradually
and, as above, the specific protocol will vary with each case.
Anti-inflammatory treatment As with exercise restric-
tion the extent of anti-inflammatory treatment for ‘splints’
will vary with each case. The NSAIDs phenylbutazone or
flunixin meglumine are administered systemically at stan-
dard doses for several days in most cases, or up to a few weeks
in exceptional cases. As in other inflammatory disorders,
long-term NSAID treatment is becoming more controversial
due to its potentially negative impact on bone healing.
Promoting metacarpal/metatarsal fusion (see Patho-
physiology) is desirable but how NSAIDs affect this process is
unclear. NSAIDs, along with corticosteroids (see below), may
be of greatest importance in minimizing the development of
an exuberant exostosis.

Local cold therapy, in the form of cold hosing or icing
(bucket or ice boot) administered for 20–30 minutes several
times daily for several days in the acute stages, is also
beneficial to reduce soft tissue swelling and inflammation in
the affected tissues.

Local injection of corticosteroids can also be highly
beneficial, particularly with respect to decreasing the fibrous
and osseous proliferative response. Local injection of corti-
costeroids is particularly efficacious for managing lameness
associated with ‘splints’ in horses whose competition sched-
ules will not allow an extended period of lay-up.
Corrective shoeing Corrective trimming and shoeing
plays an important role in reducing or eliminating the ten-
dency for interference when this form of external trauma is
the cause of a ‘splint’.
Boots and protective bandages In cases in which inter-
ference is the primary cause, ‘shin boots’ or other protective
wraps or bandages are helpful to prevent further trauma.
Surgery The vast majority of ‘splints’ respond well to non-
surgical management.32,69 Refractory cases associated with
chronic or recurrent lameness, cases with exuberant exostoses
and suspected suspensory ligament impingement and those
with osteitis associated with an open wound are appropriate
candidates for surgery. Surgery is also occasionally undertaken
to improve the cosmetic appearance of show horses.

Surgery involves either a partial ostectomy (osteotomy just
proximal to the lesion with excision of the distal aspect of the
splint bone) or surgical debridement of the exostosis with
preservation of the bone. The option chosen depends on the
nature and location of the lesion, the bone involved and in
some cases the surgeon’s preference. With the exception of
MT-IV,70 excision of more than the distal two-thirds to three-
quarters of a splint bone will result in instability of the
remaining proximal portion, which can lead to chronic lame-
ness of various origins.71 This is particularly true when
dealing with MC-II. Therefore, when considering surgery for
a large impinging exostosis affecting the proximal portion of
a splint bone, debridement of the exostosis and preservation
of the bone are appropriate.

Fortunately, ‘splints’ resulting from cyclic internal trauma
(exercise-associated repetitive strain) that affect the proximal
aspect of the bone rarely become chronic problems once
allowed to ‘set up’ (formation of a stabilizing synostosis or
fusion – see Pathophysiology), and surgical intervention is
therefore not a consideration. ‘Splints’ of this nature that are
most likely to result in chronic lameness generally affect the
midshaft of the splint bone and in the author’s opinion they
are candidates for partial ostectomy.

Surgery is performed with the horse in lateral recumbency
under general anesthesia. A tourniquet is helpful but not
essential. The limb is clipped and aseptically prepared from
midpastern to carpus/tarsus and draped to allow access to
the full metacarpus/metatarsus. An incision is made directly
over the splint bone and extends from a few centimeters prox-
imal to the lesion to just distal to the distal aspect or ‘button’.
Sharp and blunt dissection is used to expose the portion of
the bone to be excised. Care is taken to avoid trauma to the
suspensory ligament and neurovascular structures in the
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area (particularly when dealing with MT-IV). A 6–12 mm
osteotome and mallet are used to transect the splint bone just
proximal to the lesion, at a 30–45° angle with the long axis of
the bone (Fig. 17.12). The distal portion is then excised,
beginning distally and working proximally. Mayo scissors can
be used to cut the heavy fibrous tissue attached to the most
distal aspect and then an osteotome or chisel and mallet are
used to undermine and separate the more proximal portion
from the cannon bone. The periosteum is removed with the
bone. Remaining bone fragments and fibrous tissue are care-
fully debrided and a bone rasp is used to smooth the remain-
ing proximal stump and cannon bone where needed.
Excessive rasping or other trauma to the cannon bone should
be avoided. The surgical field is lavaged copiously to remove
small bone fragments. Intraoperative radiographs are helpful
to identify small fragments that may not be readily seen. A
Penrose drain is not essential, but does help prevent seroma
formation in some cases. The wound is closed routinely in
multiple layers and a dressing containing rolled or folded
sterile gauze pads is applied over the incision to provide
increased direct pressure and help minimize swelling and
seroma formation prior to application of a padded bandage.

The surgical approach for debridement of a large exostosis
is similar, but with a shorter incision centered over the lesion.
After reflecting the soft tissues an osteotome (or chisel) and
mallet are used to carefully separate the proliferative
periosteal bone from the surfaces of the underlying splint and
cannon bones. The periosteal bone is usually softer and more
irregular than the normal cortical bone and in most cases is
easily identified. All overlying periosteum is removed with the
exostosis, taking care not to unnecessarily traumatize bone
that is left behind. Intraoperative radiographs may help iden-

tify foci of remaining periosteal new bone. Lavage, closure
and bandaging are similar to that for ostectomy.

Postoperatively, horses are treated with an NSAID for 3–7
days. Broad-spectrum antibiotics are initiated preoperatively
and continued for 24–48 hours postoperatively. If excessive
soft tissue swelling or a seroma develops, antibiotic treatment
is continued at the discretion of the surgeon. Sutures are
removed in 12–14 days and a bandage is maintained on the
limb for 3–4 weeks to help minimize swelling. Horses are
confined to a stall for 6–8 weeks, with light hand-walking
exercise beginning after suture removal. Exercise intensity
gradually increases over the ensuing 6–8 weeks. Early
resumption of harder exercise predisposes horses to
inflammation at the site of the ostectomy and sets up the pos-
sibility of chronic problems postoperatively.
Traditional and alternative therapies Many of the
numerous traditional therapeutic modalities mentioned in
the section on ‘bucked shins’ continue to be used by some lay
persons and veterinarians for treating ‘splints’. As with
‘bucked shins’, the efficacy of these techniques for treating
‘splints’ has not been substantiated scientifically, but many
clinicians remain strong advocates based on anecdotal evi-
dence and personal experience. A detailed discussion of this
topic is beyond the scope of this chapter. In addition to those
modalities listed in Table 17.1, soft lasers, therapeutic ultra-
sound and magnet boots have been employed in the treat-
ment of ‘splints’.69 The efficacy and scientific rationale of
these treatments also remain controversial.

Prognosis

The prognosis for most horses with ‘splints’ is generally very
good if appropriate intervention is undertaken and adhered
to. This is particularly true for ‘splints’ that develop in young
horses in early training. The majority of horses will recover
and their athletic potential will not be impaired. Most chronic
or recurrent problems develop in situations where the lesion
initially goes undiagnosed or horses are not allowed an ade-
quate time to heal and undergo fusion or synostosis (see
Pathophysiology below).

‘Splints’ that develop in older horses, either from internal
or external trauma, tend to take longer to heal and are more
likely to fall into the chronic or recurrent category. Other
exceptions are cases of chronic interference where repeated
external trauma cannot be corrected or rare proliferative
lesions that affect the very proximal aspect of the bone and
contribute to problems with the carpometacarpal/tarso-
metatarsal joints.

The prognosis for athletic soundness following partial
ostectomy is also generally fair to good if appropriate case
selection, surgical technique and aftercare are adhered to.72

Prognosis is guarded for horses undergoing proximal ostec-
tomy, with or without supplemental stabilization of the
remaining portion.73 Recurrence of the exostosis following
surgical debridement has been a recognized problem69 and
owners should be cautioned accordingly. Careful removal 
of the associated periosteum appears to minimize this
complication.74
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Fig. 17.12
Intraoperative
DMPLO radiograph
of the right
metacarpus following
ostectomy of the
distal portion of 
MC-II (arrow) in a
horse with a chronic
proliferative
periostitis lesion
(‘splint’).



Etiology and pathophysiology

Etiology

‘Splints’ can be caused by internal or external trauma.
Internal trauma is in the form of repetitive or cyclic strains
incurred during exercise. External trauma is essentially blunt
force or concussive trauma, resulting either from a kick or
interference.

Pathophysiology

‘Splints’ caused by cyclic strains during exercise (internal
trauma) are initiated by tearing and inflammation of the
interosseous ligament and underlying periosteum of the
cannon and splint bones. In immature horses the splint bones
are mobile relative to the adjacent cannon bone. As such,
during exercise, axial forces applied to the proximal aspect of
the splint bones by the overlying carpal or tarsal bones result
in strain and shearing of the interosseous ligament and peri-
osteum. As exercise continues a focal desmitis and periostitis
develop, which in turn results in the clinical signs of focal
swelling and lameness. The swelling is initially a combination
of soft tissue edema and fibrosis, and progresses to periosteal
new bone or exostosis.

This type of ‘splint’ is most common in younger horses in
early training and the small metacarpals, and in particular
MC-II, are most frequently affected. The small metacarpal
bones have larger articulations with the overlying carpal
bones, and more extensive soft tissue attachments, than do
the small metatarsal bones. Functionally, it is assumed that
the small metacarpal bones play a more important role in sta-
bilizing the carpus and experience greater stresses during
exercise than the small metatarsals.

Eventually, a synostosis between the splint and cannon
bones develops at the site of a ‘splint’ – termed ‘metacarpal
fusion’75 – and it is hypothesized that this results in stabiliza-
tion and resistance to further strain and shear.75 ‘Splints’ at
this stage are said to have ‘set up’ and no longer appear to
cause clinical problems. Given that metacarpal fusion has an
estimated prevalence of over 95%, with 78% of horses over 
2 years old having two or more sites of fusion,75 it is reason-
able to assume that the process is not always associated with
an inflammatory reaction severe enough to produce clinical
signs of ‘splints’ and, in fact, may be a normal adaptive
process as the skeleton matures.

Poor conformation is also implicated as a risk factor for the
development of ‘splints’,50 presumably by exacerbating the
shearing forces applied on the splint bones and interosseous
ligament. Specifically offset or ‘bench knees’ appear to favor
development of splints of MC-II.50,75 Carpal or tarsal valgus
or varus deformities may also potentiate the development of
‘splints’.

In contrast to the above, ‘splints’ caused by external
trauma begin as a primary focal periostitis/osteitis of the
affected splint bone, although a primary interosseous desmi-
tis may also be initiated by the event.50 Exercise can aggra-
vate and perpetuate this inflammatory process and

presumably a secondary interosseous desmitis and periostitis
of the cannon bone may result. Base narrow, toe-out confor-
mation, which may exacerbate the tendency for interference
– specifically trauma to the contralateral MC-II – has been
suggested as one risk factor.69

Regardless of the underlying cause, if the exostosis
becomes exuberant and projects axially a secondary, focal
suspensory desmitis may develop in some cases. However, in
the author’s experience, this condition is uncommon but is
more likely with the marked exostosis that tends to develop
following external trauma.

Epidemiology

‘Splints’ resulting from cyclic strains associated with exercise
are common in young performance horses of many breeds
and uses. As previously mentioned, MC-II is the bone most
commonly affected in this group, followed by MT-II, but the
lateral splint bones (MC-IV, MT-IV) can certainly also be
affected. Lesions are very commonly bilateral and multiple
‘splints’ affecting a single bone are not unusual, particularly
on MC-II.

‘Splints’ are very common problems in race horses of all
breeds aged 2–4 years and, as with ‘bucked shins’, many
trainers still consider them to be almost a ‘rite of passage’. In
performance horses other than race horses, ‘splints’ can
develop at any age but are common in those aged 3–10 years
(young adults). ‘Splints’ also develop in weanling and year-
ling horses that are not in formal training and in the author’s
experience, these are frequently fast-growing or overcondi-
tioned animals. Overnutrition has been cited as an associated
risk factor by others.69

‘Splints’ resulting from external trauma can affect horses
of any age and involve any of the splint bones. Obviously,
those resulting from interference are most likely to occur
during performance and affect MC-II. However, this type of
splint is also frequently seen on MT-IV resulting from a kick or
contact with natural or manmade objects.

Prevention

In theory, with training modifications it should be possible to
prevent or minimize the incidence of ‘splints’ that develop in
young horses in early training as a result of cyclic trauma
that exceeds the physiologic limits of the tissues and their
capacity to adapt to the imposed stresses. In reality, it is
impossible at this stage to outline a specific training regimen
that would be appropriate for each breed and use of athletic
horse. Early detection using physical examination and diag-
nostic imaging techniques such as thermography and
scintigraphy, to then enable timely intervention, is a more
realistic goal. Correction of gait abnormalities that predispose
to interference should minimize the incidence of traumatic
‘splints’ in the individual horse. In horses with a tendency for
interference, long-term use of shin boots or other protective
wraps is also an option.
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Fractures of the small
metacarpal/metatarsal bones
(splint bone fractures)

● Splint bone fractures occur in all types of performance
horses.

● Fractures of the distal third are the most common type.
● Fractures of the middle and proximal aspect result from

trauma associated with interference.
● Fractures of the head may be caused by torsional forces or

be avulsions.
● Distal fractures are treated by surgical excision.
● Middle and proximal fractures are treated by excision or

internal fixation.
● The prognosis is generally favorable for all fracture types.
● Concurrent suspensory desmitis is the limiting factor with

distal fractures.

Splint bone fractures can occur during exercise or randomly
as a result of some form of external trauma. The following
will deal exclusively with fractures that occur in athletic
horses during performance. The most common in this cate-
gory are fractures of the distal third. Others include fractures
of the midshaft or proximal portion (head) resulting from
interference, and oblique fractures of the head that may
result from torsional forces or be avulsions associated with
the extensive soft tissue attachments.

Recognition

History and presenting complaint

Acute lameness and swelling are the primary clinical signs of
splint bone fractures.

Degree of lameness in horses with fractures of the distal
portion is highly variable and may have an acute or more
insidious onset. Most horses develop an acute lameness
during or immediately after exercise. Lameness is generally
mild to moderate. Many horses are able to resume exercise
after a period of rest, but have lingering problems with low-
grade lameness. Acutely, mild soft tissue swelling and sensi-
tivity are usually present near the fracture site. Horses may
have a history or clinical signs of suspensory desmitis. Some
chronic distal fractures are incidental findings.

Lameness with fractures of the proximal portions of the
splint bones is generally acute in onset, ranges from moderate
to severe and generally persists despite rest. The majority of
these horses are too lame to continue exercise. Soft tissue
swelling ranges from mild to marked and abrasions or
wounds may be present.

Physical examination

Horses with distal splint bone fractures generally have very
mild to moderate local soft tissue inflammation. The degree
varies with the chronicity of the injury. Fractures that are

more than a week or two old may have minimal residual asso-
ciated swelling. Distal splint fractures have a high incidence
of associated suspensory desmitis and therefore suspensory
enlargement, most commonly of the associated branch, may
also be present. Focal pain is common on firm palpation of
the fracture site. If the fracture is chronic, a callus can often
be palpated, along with instability if the distal tip or ‘button’
is pressed axially.

Variable degrees of soft tissue swelling and pain on palpa-
tion of the fracture site are the hallmarks of fractures of the
more proximal portions of the splint bones. Open wounds 
or abrasions may be present if the fracture is the result of
interference.

Lameness examination

Lameness in horses with splint bone fractures ranges from
very mild to relatively severe and depends in great part on the
type of fracture and the chronicity.

Horses with acute fractures of the distal aspect generally
exhibit mild-to-moderate lameness at a trot and in some cases
exhibit mild lameness at a walk (grade 1–4). Horses with
chronic distal fractures generally exhibit only mild lameness
at a trot, but performance is impaired at high speeds.
Lameness may be exacerbated on a circle. Lower limb
(‘fetlock’) flexion may exacerbate the lameness, particularly if
concurrent suspensory desmitis is present.

Horses with acute fractures of the middle and proximal
portions of the splint bones generally exhibit severe lameness
at a trot and many are markedly lame at a walk (grade 2–4 of
5). Lameness in chronic cases is highly variable. Lameness is
exacerbated with the fractured bone on the inside of a circle
in many horses. Carpal or tarsal flexion may be positive in
horses with fractures affecting the head of the splint.

Diagnostic confirmation

Diagnostic analgesia Diagnostic analgesia is rarely
needed to definitively localize the source of pain in horses
with most acute splint fractures. Diagnostic analgesia
becomes important in the work-up of horses with chronic
fractures involving either the distal aspect or the head of the
splint, in which soft tissue swelling and lameness have
improved considerably. In horses with distal splint fractures,
response to low palmar/plantar analgesia is variable. High
palmar/plantar analgesia will consistently be positive in all
cases of splint bone fracture, with the exception of those
involving the articular aspect, in which the response is vari-
able. In these cases, intra-articular analgesia of the carpo-
metacarpal (via the middle carpal joint) or tarsometatarsal
joint will be positive or result in substantial improvement.
Scintigraphy Nuclear scintigraphy is unnecessary for diag-
nosis of acute splint bone fractures. This modality is beneficial in
the work-up of horses with chronic fractures when attempting
to rule in or out other potential causes of lameness.
Radiography Radiographs are necessary to confirm the
diagnosis. Four views (lateral, dorsopalmar/plantar, DMPLO
and DLPMO) of the full metacarpus/metatarsus are required. In
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cases of fractures involving the head of the bone (articular
fractures) a full series of the associated carpus/tarsus is also
warranted.
Ultrasonography A sonogram should be performed to
evaluate the suspensory ligament in cases where concurrent
desmitis is suspected.

Treatment and prognosis

Therapeutic aims

Therapy for distal fractures is directed at eliminating a source of
chronic irritation/inflammation. Goals of therapy for fractures
involving the midshaft include minimizing the convalescent
time and mitigating the tendency for development of delayed or
non-union and formation of exuberant callus/exostosis. Goals
in treating proximal fractures include promoting primary bone
healing, preservation of the stability of the proximal portion
and minimizing the potential for degenerative joint disease.

Therapy

First aid Initial treatment for all splint bone fractures
includes bandaging and anti-inflammatory therapy, as previ-
ously discussed for other metacarpal/metatarsal injuries.
Horses should be confined to a stall pending decisions on
definitive treatment. Wound care and antibiotics are admin-
istered as needed.
Treatment of distal fractures There is no strong consen-
sus on the most appropriate way to manage distal splint frac-
tures. Many will heal or become quiescent as non-unions and
no longer appear to cause problems.77,78 Residual lame-

ness/poor performance is generally attributed to chronic sus-
pensory desmitis. However, because the distal portion of the
splint bone is highly mobile, healing is often slow and associ-
ated with considerable callus (Fig. 17.13). The fragment and
associated inflammation appear to cause chronic irritation in
some horses. Surgical excision of the fragment reduces the
convalescent period and eliminates the fracture as a contin-
ued cause for concern. Therefore, it is this author’s opinion
that acute or clinically active distal splint fractures are best
treated by surgical excision.

Surgery is generally best performed under general anes-
thesia, but excision under local anesthesia is a viable alterna-
tive in some cases. The preparation and approach are similar
to that described for splint ostectomy in the previous section,
but the incision is considerably shorter. Fractures of the distal
third involve the portion of the splint bone not attached to the
interosseous ligament. Therefore, excision is relatively easy
and can be performed with heavy scissors, again working
from distal to proximal while grasping the ‘button’ to elevate
it. The distal fragment, callus and a small segment of the
proximal fragment (that involved with the callus), along with
associated periosteum, are excised. A small osteotome or
bone rongeur can be used for transecting the proximal frag-
ment. Closure and bandaging are carried out in a routine
manner.

Aftercare involves 2–4 weeks of stall confinement with
increasing daily hand-walking exercise, followed by 2–4
weeks of small paddock turnout or other form of light exer-
cise. Exceptions are horses with concurrent suspensory
desmitis, in which case rest and controlled exercise, and other
adjunct therapy, are dictated by the extent of the ligamentous
injury (the reader is referred to the chapter on tendon and
ligament injuries (Chapter 20)). A bandage is maintained for
2–3 weeks and sutures are removed 10–14 days postopera-
tively. NSAID and antibiotic treatment are at the discretion of
the surgeon, but neither is required for an extended period.
Treatment of midbody fractures Treatment for frac-
tures of the midportion of the splint bones involves partial
ostectomy, and the technique and aftercare are similar to 
that described for managing chronic ‘splints’ in the pre-
vious section. Because of motion at the fracture site, healing
is often delayed and frequently results in exuberant callus 
or exostosis, along with chronic pain/lameness, which 
may be considered as another manifestation of pro-
liferative periostitis/interosseous desmitis or ‘splints’ 
(Fig. 17.14).
Treatment for proximal fractures The consequences of
partial ostectomy alone for treating fractures of the proximal
third of a splint bone are well recognized.71 These fractures must
be managed by either ostectomy with supplemental internal
fixation to stabilize the remaining proximal portion or by
primary repair using internal fixation. Failure to do so leads to
loss of stability of the proximal portion and chronic lameness
will result. The exception is MT-IV, in which the entire bone can
be excised with a good outcome in many cases.70

With respect to fractures that occur during performance,
the most common proximal splint fracture is an oblique 
fracture involving the head, most commonly MC-II 
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Fig. 17.13
Dorsolateral-
to-plantaromedial
radiograph of the
right metatarsus of a
horse with a chronic
fracture of the distal
aspect of MT-IV.
Notice the callus and
evidence of 
non-union (arrow).



(Fig. 17.15A). The fractures involve the articular aspect and
are almost always displaced. Surgical repair involves open
reduction and internal fixation using a small bone plate. An
incision of appropriate length is centered over the proximal
aspect of the bone along the palmaromedial or palmarolat-
eral aspect of the limb. Sharp dissection is carefully carried
out using a sharp elevator or scalpel to sever the heavy liga-
mentous attachments and expose the bone. The fracture line
is debrided as needed to allow reduction. A 4–6 hole, narrow,
3.5 mm DCP is appropriately contoured and applied using
3.5 mm cortical screws. Screws should not engage the MC-III
(Fig. 17.15B). Screws crossing the fracture line can be
inserted in lag fashion but this may be difficult, depending on
fragment width and fracture configuration, and is not essen-
tial if the fracture is well reduced. The incision is closed in
multiple layers and a tight, padded bandage is securely
applied.

Broad-spectrum antibiotics are administered for 24–48
hours and NSAIDs are administered for 3–5 days postopera-
tively. A bandage is maintained for 2–3 weeks and skin
sutures are removed 12–14 days postoperatively. Horses are
confined to a stall for 2 months. Daily hand-walking begins
after suture removal. Exercise in a small paddock can begin at
the 2-month point. Implants are removed 3 months postop-
eratively. This can be performed under local or general anes-
thesia but because of the heavy soft tissue covering is easier
under general anesthesia, particularly for implants in MC-II.
Screws are removed through stab incisions and the plate is
elevated and removed through a small incision over the distal
end. An additional 4–6 weeks of limited exercise are allowed
before resumption of training once fractures have healed
radiographically.
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Fig. 17.14
Dorsomedial-to-
palmarolateral oblique
radiograph of the right
metacarpus of a horse
with a chronic fracture
of the midbody of
MC-II.

A

B

Fig. 17.15
(A) Lateral
radiograph of the
proximal left
metacarpus and
carpus of a
Thoroughbred
race horse that
sustained an
oblique fracture of
the proximal
portion of MC-II
during a race.
(B) Postoperative
radiograph
following open
reduction and
internal fixation
using a 3.5 mm
narrow dynamic
compression plate.
Note that screws
do not engage
MC-III.



Prognosis

The prognosis for fractures involving the distal aspect of the
splint bones is generally very good if there is no concurrent sus-
pensory desmitis.78,79 The prognosis for horses with suspensory
ligament injury is directly related to the severity of the desmitis.

The prognosis following partial ostectomy for manage-
ment of fractures of the midportion of the splint bones is fair
to good and is similar to ostectomy for treatment of recalci-
trant ‘splints’.80 In this author’s experience, problems tend to
arise if horses are not allowed an appropriate period of con-
valescence and training is resumed too quickly.

The prognosis for the oblique fractures involving the heads
of the splint bones treated with internal fixation, in the
author’s experience, appears to be good but reports involving
large numbers of this specific fracture type are lacking.

Etiology and pathophysiology

Etiology

Many distal splint fractures are associated with either axial
compressive forces exerted through the proximal aspect of
the bone or tension imparted by the attachments to the sus-
pensory ligament. Most fractures of the middle and proximal
portions of the splint bones are the result of blunt external
trauma. Some oblique fractures of the head of the splint
bone, specifically MC-II, may be avulsion fractures or the
result of internal torsional forces.

Pathophysiology

Unlike the middle and proximal portions of the splint bones,
the distal portion is not tightly adhered to the cannon bone
through the interosseous ligament. It is therefore relatively
mobile and has fascial attachments to the adjacent branch of
the suspensory ligament. During exercise, compressive axial
forces on the bone in some cases, or in others flexion and exten-
sion of the fetlock joint with the associated elongation and
retraction of the suspensory ligament, create cyclic strain on
the distal splint bone. If this proceeds at a rate that exceeds the
bone’s ability to adapt, it weakens and eventually fracture
occurs. However, fractures appear clinically as an acute injury.
The inherent motion at this location commonly leads to
delayed or non-union or healing with a considerable callus.

Enlargement of the suspensory branch, as occurs with
desmitis, displaces the distal splint bone abaxially, which may
exacerbate the strain on the bone. Local inflammation associ-
ated with the desmitis may also lead to osteitis and a predis-
position to fracture. However, the temporal relationship
between desmitis and fracture is not completely understood
and fracture may precede desmitis in some cases.

Blunt trauma from interference in the mid-to-proximal
portion of the splint generally results in a short oblique or
transverse fracture, but comminuted fractures or fracture of a
crescent-shaped fragment are also seen. On rare occasions these
fractures are open. (Conversely, open fractures are very com-
mon in non-exercise related cases.) Strains exerted on the
proximal aspect of the bone (see previous section on ‘splints’)

invariably result in motion and healing with a large callus or
exostosis.

Fractures of the head of the splint bone can result from
blunt external trauma, but they are also suspected to result
from torsional stresses during exercise69 and in some cases
maybe avulsions. In this author’s opinion, the oblique frac-
tures of the head of MC-II appear in many cases to be avul-
sion fractures that presumably occur during hyperextension
of the carpus. In addition to the medial collateral ligament of
the carpus, the flexor carpi radialis and extensor carpi
obliquus muscles insert on the proximal aspect of MC-II.

Epidemiology

Distal splint fractures affect performance horses of all breeds
and uses, but are particularly common in race horses.
Overall, distal splint fractures more commonly involve the
forelimbs, with the exception of Standardbred race horses.
For comparison, in Thoroughbreds left MC-IV and right MC-
II are the most commonly affected and in Standardbreds 
fractures of the left MT-II and right MT-IV are most
common.52,78,79 Distal splint fractures are unusual in imma-
ture horses (< 2 years of age) and this is thought to be due to
a decrease in pliability of the suspensory ligament and an
increase in brittleness of the bone as horses age.71,79 Younger
horses are also not in formal athletic training.

Fractures of the middle and proximal portions resulting
from interference are seen in all performance horses. Oblique
fractures of the head caused by torsional strains during per-
formance are most common in race horses and jumpers.69

Prevention

The use of shin boots, and corrective trimming and shoeing
to correct gait abnormalities, can minimize the incidence of
splint fractures resulting from interference.

Many distal splint fractures are fatigue fractures and con-
current or pre-existing suspensory desmitis may contribute
to the development of this injury. Early detection of pre-
fracture pathology, using such modalities as thermography and
nuclear scintigraphy, along with careful physical examination
and recognition of subtle signs of soreness or lameness, should
enable early intervention/prevention in some horses.

Stress remodeling (‘stress
reaction’) and stress fracture
(avulsion fracture) at the 
suspensory origin

● Stress reaction and stress fractures at the suspensory
origin are two of the three components of the ‘high sus-
pensory syndrome’.
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● Either disorder may exist as a primary, distinct entity or be
associated with desmitis at the suspensory origin.

● Stress reaction affects all types of performance horses.
● Stress fractures are seen most commonly in race horses.
● Pain on palpation of the suspensory origin, but few other

overt clinical signs.
● Lameness may have gradual or sudden onset with stress

reaction.
● Lameness typically has an acute onset with stress fracture.
● Scintigraphy plays an important role in the diagnosis.
● Treatment involves rest and controlled exercise for 

2–6 months.
● Prognosis is generally favorable for either condition.

Stress remodeling or stress reaction, which can be thought of
as an enthesitis, and stress or avulsion fractures at the origin
of the suspensory ligament, along with desmitis of the sus-
pensory origin, are the three components of the ‘high sus-
pensory syndrome’. This section will focus specifically on the
primary osseous disorders and the reader is referred to
Chapter 20 on suspensory desmitis for details on the primary
ligamentous disorder. It is important to remember that
although each condition can occur as a distinct injury, an
element of both osseous and ligamentous pathology may
exist in many cases.

Recognition

History and presenting complaint

Horses with stress reaction typically have a progressive lame-
ness of insidious onset, but cases with apparent acute onset
are also seen. Initially, lameness may be intermittent and
improve or resolve with short-term rest. Eventually, lameness
becomes persistent and worsens as exercise continues, rather
than being a lameness that the horse ‘warms out of ’. In a
subset of horses the condition only causes poor performance
at peak exertion. An example would be Standardbred race
horses that ‘bear in or out’ (drift into the rail or away from the
rail) or frequently break stride during a race.

Lameness in horses with stress fracture is typically acute
in onset and is first evident during or shortly after high-speed
or hard exercise. Most horses are too lame to continue train-
ing. Some horses have a history of low-grade or intermittent
lameness (as above) prior to acute fracture.

Physical examination

There are very few overt physical abnormalities in horses
with primary osseous disease at the suspensory origin. Soft
tissue swelling is minimal or absent (unless concurrent sus-
pensory desmitis is present). Some horses stand ‘over’ at the
knee (slight carpal flexion at rest). Focal pain in the region of
the suspensory origin is the primary sign. This is most easily
assessed with the limb in flexion and with firm pressure
applied by the thumb along the proximal palmar aspect of the
metacarpus (or with fingers along the plantar metatarsus),
while displacing the flexor tendons medially or laterally.

Lameness examination

Lameness in horses with stress reaction ranges from subtle to
moderate – grades < 1–3 of 5. The condition may be present
bilaterally, in which case an overt lameness may not be
apparent and horses have a change in gait mechanics or loss
of action. Lameness in horses with acute stress fracture is
typically grade 2–4 of 5. Bilateral fractures are rare.
Lameness with either condition may be exacerbated with
firm pressure over the suspensory origin and often is more
pronounced with the affected limb on the outside of a circle.
Lameness may also be exacerbated on soft footing, but this is
more consistent with cases of desmitis at the suspensory
origin. Lameness with stress fracture may be exacerbated
with carpal or tarsal flexion, but this is not consistent.

Diagnostic confirmation

Diagnostic analgesia High palmar or high plantar anal-
gesia will be positive in horses with pain at the suspensory
origin. The proximal palmar metacarpus and plantar
metatarsus are regions notorious for anatomic nuances that
may contribute to misinterpretation of the response to local
anesthetic injections.81 Of chief concern are the distal
palmar/plantar outpouchings of the carpometacarpal
(CMC)/tarsometatarsal (TMT) joints and their close relation-
ship with the suspensory origin.82,83

In the forelimb, a high lateral palmar nerve block84 is the
most specific perineural block for the suspensory origin and is
therefore preferred to the traditional high palmar block (high
‘four-point’ block) or local infiltration of the suspensory
origin (see Chapter 14).85 A comparable technique does not
exist for the hindlimb but because the distal plantar out-
pouchings of the TMT joint are less extensive than the CMC
outpouchings, inadvertent intra-articular (IA) injection is
less likely in the hindlimb, but this possibility, along with
deposition of anesthetic in the tarsal sheath, must be 
recognized.83,85

Similarly, intra-articular injection of anesthetic in the
middle carpal (and thus, CMC) or TMT joint can result in a
false-positive diagnosis of articular pathology with bony
disease at the suspensory origin.
Scintigraphy Nuclear scintigraphy is invaluable in the
diagnostic work-up of horses with suspected stress reaction
or stress fracture at the suspensory origin.86,87 The minimal
overt clinical signs and potential for misinterpretation of
diagnostic analgesia, along with the fact that radiographs are
often negative or equivocal in the early stages of stress reac-
tion, make this imaging modality particularly beneficial.

Bone-phase images will reveal focal, mild to intense,
abnormal increased radiopharmaceutical uptake in the prox-
imal palmar metacarpus/plantar metatarsus in horses with
stress reaction. Uptake is typically moderate to intense in
horses with acute stress fracture (Fig. 17.16).
Radiography A full radiographic study of the proximal
metacarpus/metatarsus should be obtained in all cases, but
the most important views in horses with stress reaction or
stress fracture are the dorsopalmar/plantar (DP) and lateral
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or flexed lateral. In the early or acute stages radiographs are
often equivocal or may be negative, and correlation of lame-
ness examination and scintigraphic findings is important.

Horses with stress reaction will exhibit varying degrees of
trabecular bone sclerosis in the proximal palmar/plantar aspect
of MC-III/MT-III at the suspensory origin. Careful evaluation
may also reveal osteolytic change in the early stages in some
cases. In the forelimbs this is most commonly medially and in
the hindlimbs the changes are most commonly laterally (associ-
ated with the respective heads of the bipartite suspensory
origin). Endosteal proliferative reaction and/or enthesiophyte
formation along the palmar/plantar cortex may also be present.

Stress fractures in this location typically appear as an
inverted V- or U-shaped radiolucency on the DP view and are
often seen as a small crescent-shaped fragment on the lateral
or flexed lateral view. Endosteal callus may be identifiable on
the lateral view.
Ultrasonography A sonogram should be performed to
assess the state of the suspensory ligament although, as pre-
viously mentioned, distinct changes indicative of active
desmitis are inconsistent and frequently absent. Osseous
abnormalities, including irregularity of the cortex or a sepa-
rate avulsion fragment, may be identifiable.
Thermography In the hands of an experienced operator
thermography may be useful for identifying inflammation at
the suspensory origin.

Treatment and prognosis

Therapeutic aims

The goal of treatment is to reduce or eliminate strains on the
affected area(s) and promote bone healing.

Therapy

Treatment for stress reaction at the suspensory origin
involves anti-inflammatory therapy along with rest and con-
trolled exercise, the specifics of which depend a great deal on

the severity of the condition and the use and performance
demands (i.e. competition schedule) of the horse.

In general, horses should have stall confinement with
daily hand-walking exercise until lameness at a trot in-hand
has resolved. Exercise is then gradually increased. Time for
recovery is highly variable, but a range of 2–6 months is
typical. Follow-up scintigraphic examination can be used to
monitor healing and enable a more informed recommenda-
tion on increases in exercise intensity. Sclerosis will persist
after scintigraphic activity has resolved, and therefore radi-
ographs are less helpful in monitoring healing.

Local corticosteroid injection is often effective in alleviat-
ing lameness associated with stress reaction in horses whose
competition schedules will not allow an extended period of
rest. In addition, internal blisters (local infiltration of a coun-
terirritant, typically an iodine-based product) are described
anecdotally by many practitioners to be helpful for this con-
dition, particularly when chronic and associated with sus-
pensory desmitis; however, controlled studies are lacking.
More recently, application of radial shock wave therapy is
gaining popularity for treating this condition but, as with
internal blisters, controlled studies at this stage are lacking.

Long toe/low heel conformation is often associated with
this condition and may contribute to strain at the suspensory
origin. Therefore, corrective trimming to shorten the toes to
facilitate breakover may be helpful in these cases. Heel wedges
(to elevate the heels) are contraindicated as they will actually
increase suspensory ligament strain.88

Stress fractures usually heal readily in 3–4 months.
Recommendations include 1 month of strict stall rest, fol-
lowed by 1–2 months of stall confinement with daily hand-
walking exercise and then 1–2 months of limited turnout in
a small paddock. Follow-up radiographs (± scintigraphy) are
taken at approximately 3–4 months to assess healing.

Prognosis

The prognosis for most horses with primary stress reaction or
stress fracture at the suspensory origin is good if the condition
has been allowed sufficient time to heal. The prognosis with con-
current desmitis at the suspensory origin is much more
guarded, particularly in the hindlimbs, and therefore it is impor-
tant to assess the suspensory ligament in these cases. (The
reader is referred to Chapter 20 on suspensory desmitis for
details.)

Etiology and pathophysiology

Etiology

Stress reaction and stress fractures at the suspensory origin
are cyclic fatigue injuries associated with repetitive strain.

Pathophysiology

Repeated hyperextension of the fetlock joint during exercise
with associated cyclic strain on the suspensory ligament is
believed to be the primary cause of these conditions. In the
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forelimbs, carpal hyperextension is also believed to be a con-
tributing factor. As previously noted, long toe/low heel confor-
mation may exacerbate the strain on the suspensory ligament.
Stress reaction at the suspensory origin can be classified as an
enthesitis resulting from tearing of Sharpey’s fibers and associ-
ated inflammation of the underlying bone. Maladaptive remod-
eling and the onset of a stress fracture follow a pathogenesis
similar to that of others and the reader is referred elsewhere for
a detailed discussion. Stress fractures are most common in race
horses and it is presumably the high-speed cyclic strain that pro-
motes the development of fracture in these cases. Stress frac-
tures can be classified as a form of avulsion fracture.

Epidemiology

Stress reaction at the suspensory origin is seen in all types of
performance horses. It appears to be most common in race
horses, eventers and show hunters or show jumpers.86,87

Stress fractures at the suspensory origin are most commonly
seen in race horses.86–89 While the ‘high suspensory syn-
drome’, and in particular proximal suspensory desmitis,
affects both front and hindlimbs, in the author’s experience
the primary osseous disorders (stress reaction and stress frac-
ture) are seen more commonly in the forelimbs.

Prevention

Like other bone disorders associated with high-strain cyclic
fatigue and/or maladaptive remodeling (‘stress-induced bone
disease’), prevention of stress reaction and stress fracture at the
origin of the suspensory ligament, in theory, should involve
both modification of the training regimen and early detection of
the subclinical pathologic changes. In actuality, it is impossible
to make a blanket recommendation on appropriate training
schemes for all ages and uses of athletic horses. Detection of
early pathologic changes using advanced diagnostic imaging
modalities such as scintigraphy and thermography during the
evaluation of horses at high risk for these conditions, or those
exhibiting early clinical signs typical of pain at the suspensory
origin, with subsequent modification in training intensity is a
more realistic approach.

Long toe/low heel conformation exacerbates strain on the
suspensory ligament. Therefore, corrective trimming and
shoeing to improve hoof balance and shape is also important.
However, elevating the heels with wedges and the use of egg bar
shoes actually increases strain on the suspensory ligament88

and their application in these horses should be avoided.

Other proximal metacarpal/
metatarsal fractures in
performance horses

This group consists of incomplete longitudinal fractures of
the proximal palmar cortex of MC-III, dorsomedial articular

fractures of proximal MC-III and dorsolateral articular frac-
tures of proximal MT-III. All of these fractures are relatively
uncommon compared to other metacarpal/metatarsal
injuries and are seen almost exclusively in race horses.
Recommended treatment for all is extended rest (3–6
months). The prognosis for the two metacarpal fracture types
is generally good.90–92 The prognosis for the dorsolateral
articular fractures of proximal MT-III is more guarded.93,94

This may be related to the association with osteoarthritis of
the TMT joint.
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Diseasesof the carpus commonly affect race horses, in which
repeated stress from training and racing can lead to degrada
tive changes within synovium, joint capsule, articular carti
lage, subchondral bone and ligaments. These chronic
changes often lead to acute problems ranging from synovitis
to catastrophic injuries. Identification of the chronic pro
cesses prior to the development of acute disease would be
ideal and newer diagnostic methods, such as magnetic reso
nance imaging (MRI) , computed tomography (CT) and bio
markers, may help. Most of the acute manifestations of
carpal diseases lead to synovial effusion and pain on flexion
and radiographic imaging and diagnostic arthroscopy are
often necessary to characterize the disease process. Carpal
disease in race horses is common and the lesions occur in
consistent areas. This permits in-depth clinical study of
carpal diseases, allowing practitioners to give an accurate
prognosis for a particular injury based on these studies.

Carpal injuries can also affect any other type of equine
athlete: however, these diseaseprocessesare usually manifested
as acute, traumatic injuries which sometimes occur in uncom
mon areas of the carpus. Consequently, determining prognosis
for these types of injuries is often difficult due to the unusual
nature of the damage and the lack of large clinical studies.

Synovitis

• Variable lameness with synovial effusion.
• Radiographs are often unremarkable.
• Intra-articular medication is often effectivefor eliminating

signs.
• Horses with synovitis often respond well to medical

therapy.

Recognition

History and presenting complaint

Synovitis manifests itself primarily as a lameness associated
with significant synovial effusion. Synovial effusion alone in
young race horses that are not showing lameness or training

.problems is not uncommon. However, the effusion may be
significant if there is a history of training-associated prob
lems or lameness with the horse.

Physical examination

Synovial effusion in the carpal joints can occur in both the
dorsal and palmar aspects. A grading scheme, developed by
Ray & McIlwraith (unpublished data, 1995) can be used to
grade synovial effusion from 1 to 4. Grade 1 is mild effusion
palpable on the dorsal aspect of the carpal joints, while grade
4 is palpable effusion that can also be detected on the palm,ar
aspect of the joint. It is typical to see pain with static flexion
in horses with synovitis and pinpoint pain on palpation can
sometimes be appreciated in those with synovitis and other
injuries leading to synovitis. Heat on palpation is not uncom
mon in horses with synovitis; however, the presence of
topical medications and recent bandaging may influence
surface heat.

Most horses with synovitis will be lame at the trot and, in
carpal lameness in particular, wide movement to the fore
limbs is appreciable. This wide movement occurs because
horses with synovitis, and the resulting pain in the carpal
joints, do not want to flex their carpi. Consequently, they will
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circumduct the limb, leading to a wide moving gait.
Furthermore, in cases of carpal synovitis, it is quite common
to see worsening of the lameness after flexion.

Special examination

Regional anesthesia of the carpus, although often unneces
sary for diagnosis of synovitis, can be accomplished by per
forming a median and ulnar nerve block after perineural
anesthesia below the carpus has been performed. Intra
articular anesthesia is usually not necessary to diagnose syn
ovitis of the carpal joints but occasionally may be needed to
confirm carpal disease and rule out other diseases in the limb.
As an example, it may be prudent to block the carpal joints
and eliminate the lameness there in order to document addi
tionallameness in another area of the limb. Although carpal
joint blocks have been described elsewhere, it is important to
remember that the radiocarpal and intercarpal joints should
be blocked separately. Because heat can be experienced in
joints with synovitis, the use of thermography can help to
regionalize the area of injury. Furthermore, radiographs are
usually negative. However, good-quality radiographs in mul
tiple views are necessary to rule out any small or subtle
injuries. In many cases of primary synovitis, it is not uncom
mon to see soft tissue thickening or dorsal displacement of
the fat pad on the dorsum of the carpus on the radiographs.

Advances in ultrasonographic examination of joints have
given clinicians a better impression of soft tissue injuries.
Because soft tissue injuries can lead to synovitis, documenta
tion of capsular and synovial lining thickening and edema
can help not only to diagnose the primary problem but also to
monitor therapy over time. Ultrasound also allows the clini
cian to rule out extracapsular thickenings such as hygromas
and synovial hernias. An in-depth review of ultrasono
graphic examination of joints has been documented. 1

Synovial fluid can also be evaluated subjectively, It is not
uncommon in cases of synovitis to see a watery, clear to light
yellow fluid. In some cases, there is increased opacity and
flocculants in the fluid, In cases such as this, laboratory
examination of the synovial fluid may be necessary to rule
out septic arthritis.

Laboratory examination

Synovial fluid analysis results can be variable in cases of syn
ovitis although most white blood cell counts are less than
1000 cells/nun- and total protein concentrations are gener
ally between 2.5 and 4.0 g/dL. Biomarker data often show
elevated concentrations of prostaglandin E

2
•2,3

Diagnostic confirmation

The lack of radiographic findings, which rules out osteo
chondral fragmentation and fracture, is often enough to lead
to a diagnosis of synovitis, although a negative diagnostic
arthroscopy is needed to be totally convinced that intra
articular ligament disease is not present. It is often difficult to
justify diagnostic arthroscopy in cases that are most likely

synovitis compared to intra-articular ligament injury; there
fore most veterinarians will monitor response to medical
therapy. Refractory cases are then easier to justify as needing
surgery as synovitis usually responds well to intra-articular
medications.

Treatment and prognosis

Therapeutic aims

The goal of therapy is to provide timely, effective anti
inflammatory medications either systemically or locally.

Therapy

Systemicanti-inflammatory medications, such as non-steroidal
anti-inflammatory medications or intravenous hyaluronic acid,
are the simplestforms of therapy which are often very effective
for controlling synovitis. However, intra-articular anti
inflammatory medication in the form of corticosteroidsand/or
hyaluronic acid may be necessary to provideeffective treatment.
Physical therapy methods such as ice, hydrotherapy and
walking are often used in addition to medications.

Prognosis

The prognosis for synovitis is often excellent for resumption of
athletic training with rapid, effective therapy barring predis
posing conformational abnormalities, osteochondral disease
or intra-articular ligament disease.

Etiology and pathophysiology

Acute injuries can lead to synovitis but in race horses, the
chronic effects of training and racing can lead to failure of
tissues to adapt properly to training. Early, chronic stress can
lead to adaptive changes until a certain threshold is crossed,
when degradative changes overcome adaptive changes. This
can occur within any tissues. Conformational abnormalities
can accelerate the degradative process due to high, focal
stresses.

Epidemiology

As stated previously, young race horses typically develop
some form of synovitis early in their training. However,'most
cases of synovitis are secondary to a primary disease entity
within the joint, such as osteochondral fragmentation or
fracture; Conformational abnormalities, especially offset
and/or calf-kneed conformations, can increase the chances of
synovitis.

Prevention

Critical evaluation of conformation is essential as
gross abnormalities in conformation may cause persistent



abnormal loading and hence synovitis and ultimately
osteoarthritis (OA). Careful monitoring during training is
also essential as treatment and change in training early in
cases of synovitis are helpful.

Capsulitis

• Capsulitis often results in joint capsule thickening.
• Restricted range of motion is common in cases of

capsulitis.
• Enthesiophytes are often seen on radiographs.
• Response to treatment is often variable.

Recognition

History and presenting complaint

Capsulitis can be caused by several disease processes so the
history can be quite variable. For instance, it is not uncom
mon to see capsulitis in horses with a history of carpal
disease such as osteochondral fractures, fragmentation or
ligamentous injuries. However, capsulitis can also result from
non-articular diseases, such as extracapsular ligament
damage or capsular injury. In some cases, capsulitis can also
occur because of acute injury, which may lead to edema and
possibly fibrosis of the joint capsule. In some recurrent or
unresponsive idiopathic synovitis cases, capsular thickening
and scarring can also result. In most of these cases in
athletes, the animal will fail to train and will have chronic
unresponsive joint disease.

Physical examination

Horses with capsulitis typicallyshow softtissue thickening over
the dorsal aspect of the carpus. However, the severity of effu
sion can be difficult to appreciate because of this thickening.
Range of motion is often restricted and maximal flexion often
results in a painful response. At the jog, these horses typically
move wide and are often significantly worse after carpal
flexion. Occasionally, pain on palpation will be apparent on the
dorsal aspect of the carpus, especiallyin acute cases. Although
capsular swelling is difficultto appreciate on the palmar aspect
of the joint, it is the author's experience that horses with
palmar capsular pain are extremely sensitive to carpal flexion.

Special examination

Horses with acute capsular changes may show no radio
graphic changes; however, those horses with capsular
tearing, especially at the insertion of the capsule into the
bone, will often show enthesiophyte formation several weeks
after injury (Fig. 18.1). Enthesiophytes can vary in severity
and location; however, in most equine athletes, especially
race horses, enthesiophyte formation on the dorsal aspect of
the carpal bones is quite common. Ultrasound examination
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of the joint capsule in horses with acute capsulitis will often
show edema formation within the capsular tissues, and thick
ening of those tissues. Thermography may be of some use in
acute cases due to the heat and inflammation that commonly
occur with capsulitis and capsular tearing. Nuclear scintigra
phy may also be helpful in some cases, especially in the flow
and soft tissue phases. CTexamination may be of little use in
these cases unless a primary osteochondral disease process is
leading to the capsular change. MRI, on the other hand,
would be very helpful in assessing capsular disease and in
qualifying the severity of damage.

Laboratory examination

Synovial fluid analysis in horses with capsular damage is
often quite variable.

Diagnostic confirmation

As mentioned previously, radiographs are usually only sug
gestive of capsular changes. In particular, enthesiophyte for
mation certainly indicates previous capsular insertional
damage and periarticular lysis may indicate acute inflamma
tion at the insertion. Even though capsular damage can
occur by itself, other intra-articular diseases must be ruled
out, either by the special examinations mentioned above or,
as in most cases by diagnostic arthroscopy.

Finally, capsulitis is sometimes diagnosed based on response
to therapy. For instance, some cases of acute capsular tearing
may respond well to intra-articular anti-inflammatory medica
tions. Unlikesecondary capsulitis, which occurs in response to
other osteochondral diseases, primary capsular damage will
usually respond to medical therapy. However, this is dependent
upon the severity of damage.

Treatment and prognosis

Therapeutic aims

The principal therapeutic aim is to remove the primary
disease. In cases of secondary capsular damage, the primary
objective is to remove the intra-articular damage that is
leading to capsulitis. Second, inflammation must be reduced
by either systemic or intra-articular methods. Finally,
because capsular disease often leads to scar tissue formation,
methods that help restore function and range of motion are
essential to decreasing scar tissue formation. For instance,
this author commonly uses passive range of motion,
hypothermia, massage therapy and progressive increase in
exercise in an attempt to restore proper function to the joint.

Therapy

Arthroscopic removal or fixation of the primary problem is
essential to overcoming capsular damage. Systemic and intra
articular anti-inflammatory medications and physical therapy,
including passiverange of motion, are also essential in dealing
with capsular damage. Furthermore, although unsubstantiated
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experimentally, this author feels that the use of joint supple
ments such as chondroiton sulfates and glucosamines may be
beneficialin cases in which there is capsular damage.

Prognosis

The prognosis in cases with capsular damage can be quite
variable. In cases of acute, mild capsulitis or capsular
damage, the prognosis is usually quite good with prompt
identification of the disease process and therapy. However,
severe cases of capsular damage can be quite limiting to the
prognosis of an athlete and often require ongoing medical
management to continue competing. Decreased range of
motion and pain on flexion often hinder the horse's ability to
use the limb properly. The prognosis for cases of secondary
capsulitis or capsular damage is dependent on the severity
and form of the primary disease process.

Etiology and pathophysiology

In most primary cases of capsular damage, an acute sprain type
of injury is often the cause of the problem. However, as stated

fig. 18.1
Radiographic image of a carpus showing severe
enthesiophyte formation.

above,repetitive trauma to the joint capsule due to training and
racing could lead to chronic changes in the joint capsule, and
hence chronic capsulitis. Secondary forms of capsular damage
often result from osteochondral damage elsewhere in the joint
and failure to treat that primary disease promptly.

Epidemiology

It seems that most cases of carpal disease often result in some
form of capsulitis. Only in those very acute cases of primary
joint disease will capsulitis not be a factor. However, failure to
treat promptly or a 'wait and see' approach to carpal disease
willmost likelylead to some form of capsular disease.Capsulitis
is common in race horses and in retired race horses which are
commonly used in other disciplines.In some of the latter cases,
the primary osteochondral injury may not be treated because
the horse is retired, and hence lead to capsulitis.

Prevention

Aggressive and prompt treatment of the primary cause of
secondary capsulitis is essential in order to prevent capsular



damage and thickening. In some cases, failure to treat the
primary problem often results in persistent capsular changes
that often limit the prognosis of the animal. even though the
primary disease may be mild or cured.

Desmitis (intra-articular and
extra-articular ligament
disease)

• Effusion often persists in the face of medical therapy.
• Radiographs are often unremarkable.
• Diagnostic arthroscopy is often required to establish a

diagnosis.
• Fiber tearing is common in athletes.

Recognition

History and presenting complaint

There are no distinguishing historical characteristics for
horses with desmitis of intra-articular ligaments."

Physical examination

Similar to the history, it has been shown in a retrospective
study that there are no distinguishing clinical characteristics
for diagnosis of intra-articular ligament damage that sepa
rate it from other forms of carpal disease."

Special examination

Most cases of intra-articular ligament damage present
similar to cases of synovitis. In acute cases, these animals
show synovial effusion and negative radiographic findings.
However, in some cases of avulsion fracture, special views
can identify intra-articular ligament damage and nuclear
scintigraphy may show increased uptake within the inter
carpal area. CT examination has revealed stress reaction in
the subchondral bone adjacent to intra-articular ligament
sites, which may be indicative of damage at that site." In the
future, MRI examination will undoubtedly show intra
articular ligament damage much as it does in humans.

Diagnostic confirmation

Although other diagnostic modalities exist, diagnostic
arthroscopy is still the best method, not only to characterize
the severity of damage but also to aid in debridement of the
torn ligament fibers.

Treatment and prognosis

Therapeutic aims

The primary therapeutic aim is to identify the diseased
tissues and debride those torn ligamentous fibers. In cases
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of avulsion fracture, it is best to remove the avulsed portion
of bone.

Therapy

Arthroscopic debridement of tissue ends is essential for
treatment of intra-articular desmitis. Furthermore, anti
inflammatory medications and joint supplements may also be
beneficial. as is physical therapy.

Prognosis

The prognosis for intra-articular ligament damage is based
on the severity of damage; however, in most cases the prog
nosis is good.

Etiology and pathophysiology

It appears that intra-articular ligament damage is quite com
mon as most horses older than 1 year have some form of
tearing." It has also been shown that larger ligaments show
some forms of damage at the ultrastructural level. Therefore,
it appears that most of these cases are the result of chronic
progressive damage, most likely due to training and racing.
However, the gross changes have variable clinical effects on
equine athletes.

Epidemiology

Recent reports have shown that intra-articular ligament
damage is quite common and may even be incidental in most
cases. This makes it difficult to determine the clinical
significance of these lesions; however, seeing the damage as
the only pathologic change on diagnostic arthroscopy and
seeing a positive improvement with debridement leads one to
believe that in some cases these are significant lesions when
no other lesions are present.

Prevention

There appears to be no effective means of preventing intra
articular ligament damage other than identifying the lesions
at an early stage in order to prevent secondary joint changes
that could lead to GA.

Osteochondral
fragmentation (chip
fracture)

• Chronic disease processes often lead to osteochondral
fragmentation.

• Synovitis is a common feature of osteochondral fragmen
tation.
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• Arthroscopy is the treatment of choice.
• The prognosis is dependent on the severity of articular

cartilage erosion.

Recognition

History and presenting complaint

Most horses with osteochondral fragmentation appear to
have a history of acute lameness isolated to the carpal joints.
However, in some cases, especially in race horses, synovial
effusion or synovitis often precedes diagnosis of osteochon
dral fragmentation.

Physical examination

Clinicalsigns in horses with osteochondral fragmentation are
very similar to those in horses with synovitis.

Special examination

Radiographs are often diagnostic in cases of osteochondral
fragmentation; however. radiographs often underestimate
the severity of damage (Fig. 18.2).7 In some cases, the lesions
have not been radiographically apparent. CT examination
has proven beneficial in diagnosing unusual cases of osteo
chondral fragmentation, as has MRI.

Laboratory examination

Synovial fluid analysis has not been beneficial for identifying
cases of osteochondral fragmentation; however. biomarker
evaluation of joint diseasehas been beneficialin an experimen
tal model of osteochondral fragmentation." In particular.
significant changes in articular cartilage matrix components
and subchondral bone have been seen with osteochondral frag
mentation, and monitoring these changes overtime may help in
identifyinghorses that could be prone to fragmentanon."

Fig. 18.2
Osteochondral fragmentation present on the
distal aspect of the radiocarpal bone.



Diagnostic confirmation

Diagnostic arthroscopy is by far the best means of character
izing osteochondral fragmentation and also has the benefit of
allowing for treatment of the disease. However, in most cases
radiographs are appropriate for confirming the disease.

Treatment and prognosis

Therapeutic aims

Removal of the fragment is essential for restoring the joint to
normal function. Accurate grading of articular cartilage
lesions is also essential and, of course, much like all other
cases, decreasing inflammation is also essential.

Therapy

Arthroscopic removal of the fragment and use of anti
inflammatory medications are necessary in treating these
diseases. Furthermore, chondral supplementation, be it by
intra-articular or systemic means, is also beneficial, especiallyin
severe cases of osteochondral fragmentation. In particular, this
author uses intra-articular polysulfated glycosaminoglycans in
cases of grade 4 erosion (Mcllwraith, personal communication,
1997).10 The author also finds physical therapy to be beneficial
in these cases, to limit the amount of capsulitis that can accom
pany osteochondral fragmentation.

Prognosis

The prognosis varies with articular cartilage erosion severity.
In particular, return to racing at equal to or better than
before surgery was 71.1 % for grade 1 lesions, 75% for grade
2 lesions, 53.2% for grade 3 lesions and 54% for grade 4
lesions. 7

Etiology and pathophysiology

Evaluation of post-mortem cases, especially by Poole? and
Norrdin & Kawcak (unpublished data, 1998), has shown that
most osteochondral fragments in race horses are acute mani
festations of chronic disease processes. In particular, most
fragments occur in areas of stress-induced subchondral bone
sclerosis, in which microdamage exceeds healing and acute
fragmentation results. Poole has also seen attempts at
healing, as shown by the presence of granulation tissue at
these sites; however, continued training had resulted in frag
mentation through the granulation tissue bed.

Epidemiology

Osteochondral fragmentation of the carpus is very common
in race horses, particularly in racing Quarter -Horses,
Thoroughbreds, and Standardbreds. However, in non-racing
breeds, it is quite rare and when it does occur, it arises in
unusual locations other than the dorsal aspect of the carpus.
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Prevention

Again, there is no effective means of preventing osteochon
dral fragmentation in horses, especially in race horses.
However, subtle subchondral bone lysis on radiographic
examination and persistent synovial effusion may be indica
tive of impending osteochondral fragmentation. The genesis
of biomarkers may also prove beneficial in early identification
of osteochondral fragments."

Osteochondral fracture (slab
fracture)

• Horses with osteochondral fracture often present with
significant acute lameness.

• Synovitis is a common sign of osteochondral fracture.
• Horses with osteochondral fracture are often very respon

sive to flexion.
• Radiographs are recommended prior to performing intra

articular anesthesia, which is often not required for
diagnosis.

Recognition

History and presenting complaint

Acute, severe lameness often accompanies osteochondral
fracture; however, some horses may not be lame acutely but
rather may manifest severe lameness within 24 hours.

Physical examination

Horses with osteochondral fracture appear to be severely
lame compared to horses with other disease processes within
the carpus, and they are very responsive to carpal flexion. In
some cases, the horse may actually resent even partial flexion
of the carpus and the clinician must take care when perform
ing the flexion test .:

Special examination

This author does not recommend intra-articular anesthesia in
cases of severe carpal lameness with severe response to flexion.
Instead, a complete series of radiographs is essential, including
skyline a~d, in some cases, special views to highlight the frac
tures. CT and MRI are also valuable, especially in assessing
those fractures that are not absolutely clear on radiographs.
However, since both modalities require general anesthesia, it is
recommended that the surgeon perform these imaging studies
just prior to surgery so the fracture can be repaired to prevent
further comminution that may occur with recovery.

Laboratory examination

There are no synovial fluid parameters that are specific for
osteochondral fracture; however, hemorrhage into the joint is
not uncommon.
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Diagnostic confirmation

Radiographs and diagnostic arthroscopy are helpful to
confirm the diagnosis.

Treatment and prognosis

Therapeutic aims

The aim of therapy is to restore the articular surface to as
normal a congruence as possible and to provide axial support
to the limb.

Therapy

Internal fixation or removal of the fractured piece via arthro
scopy are considered the treatments of choice. Only small
fractures or fractures within the palmar aspects of the joints
should be removed and usually only if they cannot hold the
screw. Since there is often significant articular cartilage loss
with these fractures, some form of resurfacing would
enhance repair. However, those methods are still in their
infancy and surgeons often look towards the use of chon
droprotective agents to treat the significant cartilage loss that
occurs with these diseases.

Prognosis

In general, the prognosis for successful repair of intra
articular fractures is often poor, especially in race horses;
however, the prognosis for third carpal slab fractures is
often dependent on the severity of articular cartilage
erosion at the site.

Etiology and pathophysiology

Subchondral bone sclerosis is very common in cases of osteo
chondral fracture, indicating that these fractures may be the
result of accumulated microdamage.? Furthermore, the
proximal portions of these fractures often have fibrous tissue
within them, indicating that a chronic pathologic condition
may exist prior to acute manifestation of the fracture.

Epidemiology

Osteochondral fractures are quite common in race
horses and occur most frequently within the radial fossa of
the third carpal bone. Other fracture configurations can
occur and fractures can occur within other bones of the
carpus.

Prevention

As with the above disease entities, it is difficult to prevent
osteochondral fracture. However, Close monitoring of horses
with persistent carpal disease is essential.

Catastrophic injury
(breakdown) .

• Catastrophic injury can result from chronic or acute
disease processes.

• Catastrophic injuries are often life threatening.
• Aggressive first aid is often needed prior to surgical

repair.
• Local and systemic stabilization of the horse is

necessary.

Recognition

History and presenting complaint

Horses with catastrophic injuries of the carpus often show
acute non-weight bearing lameness and axial instability at
the carpal area.

Physical examination

Non-weight bearing lameness with significant instability at
the carpal joint, leading to loss of axial support.

Special examination

Radiographic examination is often diagnostic in identifying
multiple carpal bone fractures (Fig. 18.3).

Laboratory examination

Laboratory examination is not diagnostic. as clinical signs are
absolute in localizing this problem.

Diagnostic confirmation

Diagnostic confirmation is often via radiographs.

Treatment and prognosis

Therapeutic aims

Systemic support of the animal is often essential, as most of
these horses will present excited and hypotensive because of
sweating. This often seems to be overlooked and acute treat
ment of systemic effects is critical, especially if the horse is to
undergo surgical treatment. Local, effective, temporary stabi
lization of the carpus is also essential in promoting a good
prognosis. This may also help with the horse's temperament
in that localized stabilization may allow the horse some
degree of weight bearing and have a calming effect. Acute
stabilization entails both palmar and lateral support of the
carpus via splints and bandaging as described by Bramlage.]0

Ultimate therapy or ultimate treatment for this condition will
rely on surgical restoration of axial support.



Therapy

Again, aggressive first aid and sedation are essential for
prompt treatment and transportation of the horse.
Stabilization via splints is also essential to allow the horse
some degree of comfort and to prevent further damage to the
joint. Surgical reduction and internal fixation are often the
definitivemeans of treatment for restoration of axial stability.
However, the ultimate goal is pasture soundness for breeding
animals. Conservative therapy has also been used in some of
these cases, in which cast application, usually via a sleeve
cast, has allowedfor ankylosis of the joints to occur. Partial or
pancarpal arthrodesis has also been used to salvage these
horses for breeding.

Prognosis

The prognosis for athletic soundness in these horses is grave.
However, prognosis for pasture soundness is often good with
acute aggressive therapy.

Etiology and pathophysiology

Catastrophic injury of the carpus can result from either
acute or chronic disease processes. As mentioned above,

18 The carpus

Fig. 18.3
Acute, traumatic catastrophic injury of the
carpus in a Warmblood after a pasture accident.
The carpus was physically unstable in the
lateral-to-medial direction but was axially
stable, resulting in adequate stability with splint
application.

acute diseases can occur due to some sort of traumatic
event. However, some acute injuries may be a result of pain
elsewhere in the animal that causes either overloading of
that limb or abnormal use of the limb. Chronic disease
processes can also lead to catastrophic injury of the carpus.
In particular, slab fractures that go unrecognized or are not
treated, or that are compounded by an acute traumatic
event, may lead not only to damage of the slab portion but
also to either opposite limb injury or injury to other bones
within the same joint.

Epidemiology

Catastrophic injury of the carpus is quite rare, especially in
non-racing breeds.

Prevention

Again, there is no definitivemeans of preventing catastrophic
injuries of the carpus but accurate diagnosis of early diseases
may be helpful. However, especially in non-racing animals,
acute injury to the carpus can occur with jumping or falling,
thus limiting any means of prevention.

357



358
Musculoskeletal system

Stress-induced bone reaction
(subchondral sclerosis)

• Failure of subchondral bone to adapt to exercise.
• Response to intra-articular anesthesia is variable.
• Nuclear scintigraphy is often diagnostic.
• Early detection and decreased training are often necessary

for successful treatment.

Recognition

History and presenting complaint

Horses with subchondral sclerosis that leads to clinical
disease often present with a non-specific history of lameness
or, more frequently, a decrease in performance.

Physical examination

Physical examination findings typically show signs of
chronic carpal joint disease consisting of joint capsule thick-

ening and pain on flexion. However, occasionally, those signs
are not present.

Special examination

Radiographic findings include sclerotic bone, usually in the
third carpal bone, with lysison the proximal joint surface.These
findings are best seen on the third carpal bone skyline prqjec
tion. Care must be taken not to overinterpret this finding as most
athletic horses, especiallyrace horses, have this change. The dis
tinguishing thing in cases of clinical disease is the lysis. Nuclear
scintigraphy is a good confirmatory modality as horses with
stress-induced bone reaction will show intense, focal uptake in
the area (Fig. 18.4). Computed tomography can also help to
confirm diagnosis. Areas of intense subchondral bone thicken
ing and lysis can be easily seen. Magnetic resonance imaging
can also be used to view these changes, especially if subchon
dral bone edema is present.

Laboratory examination

There are no distinguishing changes in synovial fluid param
eters that can lead to a diagnosis of subchondral bone stress

Fig. 18.4
Nuclear scan of a carpus showing intense, focal
uptake in the intercarpal joint area.



reaction. However, early work using biochemical markers of
bone turnover in synovial fluid and serum indicates that
changes in osteocalcin may help to identify the change.

Diagnostic confirmation

Nuclear scintigraphy is often adequate to confirm diagnosis
of subchondral stress reaction in the carpus.

Treatment and prognosis

Therapeutic aims

The goal of therapy is to promote bone remodeling in the hope
of re-establishing a more compliant subchondral bone.This can
either be done through reduced training or by medication.

Therapy

Reduced training may help in re-establishing a more normal
subchondral bone. The reinitiation of remodeling, including
the osteoclastic function that occurs with rest, along with re
establishment of exercise may help to provide a more normal
bone. However, prior to treatment, diagnostic arthroscopy
may be needed if subchondral lysis has led to collapse of the
overlying articular surface. In addition, some have indi
cated that subchondral bone forage may also help to
stimulate blood flow into the area and thus reinitiate
remodeling.

A few medications have also been recommended for this
problem. Although not objectively established, isoxsuprine is
thought to help in stimulating blood flow in bone.
Bisphosphonates, which are used to control osteoporosis in
humans, have recently come on the market in Europe for
treating bone metabolism abnormalities in horses.

Prognosis

The prognosis for successfully treating subchondral stress
reaction is dependent on the severity of the disease and the
presence of articular cartilage collapse in the joint. The prog
nosis with articular cartilage collapse is dependent on the size
of articular cartilage erosion and the depth of subchondral
bone collapse.

Etiology and pathophysiology

The etiology of subchondral stress reaction has been
identified as an inappropriate bone modeling response due
to high loads experienced by the bone during exercise
(Fig. 18.5). This high stress may be due to faulty conforma
tion or inappropriate use of the limb. However, although not
objectively identified, inherent bone metabolism could be at
fault. Regardless, the subchondral bone appears to model and
thicken as normal with exercise, except that it models to the
point of inducing ischemia in the subchondral bone plate,
leading to subchondral bone death and degeneration." This
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degeneration then leads to loss of support and collapse of the
overlying articular cartilage.

Epidemiology

Stress-induced bone response is primarily a disease of young
race horses that are at the peak of bone modeling and remod
eling. The radial facet of the third carpal bone is the primary
area affected by the disease.

Prevention

Prevention of this disease is difficult as the onset is insidious
and the disease progressive with training. Since there is no
hallmark clinical sign of disease onset nuclear scintigraphy
may be the only method of identifying stress-induced bone
reaction in its early phases and may also be helpful in moni
toring its progression. Serum and synovial fluid biomarkers
could prove useful in the early detection of this disease, and
hence prevention of serious damage.

Osteoarthritis (degenerative
joint disease, arthritis)

• OAis usually secondary to other disease processes.
• Diagnosis is based on clinical and radiographic signs.
• Radiographic changes include joint collapse and subchon

dral sclerosis and lysis.
• Treatment is aimed at management.

Recognition

History and presenting complaint

Most horses with osteoarthritis (OA) have a history of pre
vious joint injury or disease. However, in some cases, the
cause is unknown and the development of the disease is
insidious.

Physical examination

Most horses with OAof the carpal joints show lameness, joint
capsule thickening on palpation, decreased range of motion
that leads to pain in response to maximal flexion, and some
times acquired conformational changes. These changes can
include medial collapse of the carpal joints, leading to carpal
varus, or persistent flexing of the carpus, leading to carpal
contracture.

Special examination

Radiographic findings are often mixed but can consist of osteo
phyte and enthesiophyte formation, reduced joint space and a
mixture of subchondral bone lysisand sclerosis.Nuclear scinti-
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graphic findings are often mixed due to the chronic nature of
the disease and the variable use of the limb. Computed tomo
graphic findings often include variable subchondral bone scle
rosis and lysis as well as the presence of osteophytes and
enthesiophytes. Loss of joint space can also be seen. Magnetic
resonance imaging is often the best diagnostic test to show loss
of articular cartilage, which is the hallmark of OA.

Laboratory examination

Synovial fluid varies in color and viscosity, but usually is thick,
orange to red and cloudy.However, in some cases synovial fluid
is impossible to obtain which givesthe subjective impression of
a 'dry joint', Early work using biochemical markers has shown
progressive changes with OA, including reduced aggrecan and
collagen content in synovial fluid and serum.

Diagnostic confirmation

Confirmation of the diagnosis is based on historical, physical
examination and radiographic findings. The establishment of

Fig. 18.5
A sagittal section of a carpus through the radiocarpal
and third carpal articulation showing the gross
evidence of subchondral and trabecular bone
thickening due to exercise.

a chronic, progressive disease isolated to the carpus and
the radiographic changes mentioned above often lead to a
diagnosis.

Treatment and prognosis

Therapeutic aims

The therapeutic aims in treating OA are to realize that com
plete resolution of the disease is impossible and instead, man
agement of the disease is needed. To do this, management of
pain is a necessity. In some severe cases, elimination of the
joint is necessary.

Therapy

The management of pain is varied based on the expected use
of the horse, the severity of disease, the severity of com
pensatory pain and the individual horse's pain tolerance.
Consequently several different management schemes must be
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Fig. 18.6
A mare that had lifelong offset knee
conformation that led to chronic pain and
worsening of a carpal varus conformation. (A)
Radiographs showed development of OA
changes such as osteophytes and subchondral
sclerosis (B).but pain and carpal varus
worsening were controlled with shoeing that
prevented worsening of lateral hoof breakover.
(C) OA progression was prevented with
shoeing in this case.
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tried before one can be selected (Fig. 18.6). Pain management
is often through the use of medications, supplements and/or
physical therapy. Medications typically used include NSAIDs.
systemic hyaluronic acid or polysulfated glycosaminoglycans
and/or intra-articular administration of corticosteroids and
hyaluronic acid or polysulfated glycosaminoglycans. A combi
nation of these medications is often used (see Chapter 23). In
addition, it is common to use supplements to aid in manage
ment of pain. including orally administered glucosamines,
chondroitin sulfates, hyaluronic acid and various herbs.

If medical management of joint pain fails to work. then
surgical fusion of the joint can be considered. In some cases.
the increased likelihood of laminitis in the support limb often
leads to the decision to perform surgery. Disease of either the
radiocarpal or intercarpal joints justifies a partial carpal
arthrodesis. or disease of both joints can lead to a pancarpal
arthrodesis.

Prognosis

The prognosis for managing carpal pain due to OAis depend
ent on several factors. but mostly on the response to therapy.
Identification of a management scheme is of the utmost
importance in determining a prognosis for the owner and a
trial period in which various medications are tried is needed
prior to committing to a prognosis. Furthermore, some
horses fail to respond to treatment over time as the disease
progresses and alteration of a prognosis is needed. The prog
nosis for arthrodesis techniques is good for breeding animals.

Etiology and pathophysiology

The etiology of OA is varied but usually due to a primary
traumatic or developmental disease. The severity of the initi
ating disease and the success of treatment often dictate the
rate of progression of OA. Whether by progressive subchon
dral bone sclerosis, leading to thinning of articular cartilage,
or by primary loss of articular cartilage, leading to subchon
dral bone sclerosis, the progressive nature of the changes in
the joint at the osteochondral junction leads to pain.

Epidemiology

Osteoarthritis of the carpal joints occurs in all breeds and uses
of horses. but is most common in the race horse. Many retired
race horses that continue a career in another discipline run the
risk of OA because of previous injury and continued athletic
use. This seems to be the group of horses that require significant
management for continued athletic function.

Prevention

Aggressive and prompt treatment of the primary problem
and early identification of inherent problems that could lead
to OAare needed in order to establish a management scheme
early in the course of the disease.

Sepsis (infectio~sarthritis)

• Failure to recognize open joint lacerations and punctures.
• Iatrogenic causes are not uncommon.
• Early identification is critical to successful treatment.
• Aggressive therapy is critical to successful treatment.

Recognition

History and presenting complaint

Horses with septic arthritis often have a history of a lacera
tion or joint injection, although cases of idiopathic joint
sepsis have been reported. Horses with septic arthritis have
acute-onset lameness and swelling of the limb.

Physical examination

Horses with septic arthritis are usually severely lame. although
early detection may prevent this. They often have heat, pain and
swelling in the area of the infected joint and may have cellulitis.
They also mayor may not have an elevated temperature. In
cases ofpostinjection sepsis. a reaction to the injected sub
stances must be ruled out, although there is no absolute method
of discerning injection reaction from sepsis.

Special examination

Radiographs are often unremarkable. In the case of a lacera
tion and potential joint contamination, remote injection of
saline into the joint and visual confirmation of fluid flow out
of the laceration documents contamination.

Laboratory examination

Synovial fluid analysis often shows white blood cell values
greater than 3000 cells/mm! and total protein greater than
4 g/dL.

Diagnostic confirmation

Remote saline injection and visualization at the laceration is the
best confirmatory method for detecting joint contamination. In
the carpus. lacerations on the dorsum of the carpus are com
mon and injection into the palmar pouches is useful to confirm
the diagnosis. For established sepsis. whether by laceration or
iatrogenic injection, synovial fluid analysis is often confirma
tory. However, reaction to injected medication is difficultto dis
tinguish from sepsis and it is recommended to treat cases as
septic.

Treatment and prognosis

Therapeutic aims

The aims of therapy are to reduce the bacterial load and fibrin
accumulation in the joint. provide appropriate antibiotic
therapy and reduce inflammation and pain in the joint.



Therapy

Early recognition of septic arthritis and early and aggressive
treatment are essential in successful management. This
includes documenting the organism causing the infection,
the use of systemic and local antibiotics and lavage and
debridement of the joint. In refractory cases, open or closed
suction drainage is often needed and synovectomy may be
needed if infection is felt to be harbored within the synovium.
Long-standing, refractory cases of septic arthritis may
require arthrodesis through massive bone grafts and
drains.

Prognosis

The prognosis for overcoming septic arthritis is good with
early treatment. However, long-standing or refractory cases
are less likelyto recover or will recover with some form of lim
iting lameness.

Etiology and pathophysiology

Establishment of infection within a joint may be due to
several factors. In the case of joint injections, the use of intra
articular polysulfated glycosaminoglycans has been shown to
perpetuate infection if an aminoglycoside is not used. In addi
tion, the basic nature of corticosteroids is to reduce
inflammatory cell density in an area, hence limiting the
joint's ability to fight bacteria,

Epidemiology

Septic arthritis can occur in any horse, but is more common
in athletic horses which are subjected to intra-articular
medications.

Prevention

Strict adherence to aseptic injection techniques and early and
rapid identification of open joint lacerations are needed in
order to prevent septic arthritis.

Developmental orthopedic
disease

• Angular limb deformity is a common form of DOD,
• Physitis can result from conformational abnormalities and

rapid growth.
• Osteochondrosis is often in the form of subchondral cystic

lesions.
• Nutritional and breeding management are the only forms

of intervention.

18 The carpus

Recognition

History and presenting complaint

Most horses with developmental orthopedic disease (DOD) of
the carpus are young and tend to show signs of disease at
various stages of development. Angular limb deformities tend
to arise early or are acquired as the horse ages. Subchondral
cystic lesions can occur within the cuboidal bones and mani
fest as carpal lameness.

Physical examination

Horses with subchondral cystic lesions of the carpus tend
to show either chronic, progressive signs or acute signs.
Foals are typically born with some form of carpal val
gus, but should improve over time until fully grown.
The challenge lies in recognizing normal angulation for a
specificage.

Special examination

Radiographs are often the only modality needed to diagnose
subchondral cystic lesions within the carpus. Computed
tomographic studies have been used to plan for surgical
debridement of cysts and to assess follow-up.5

Laboratory examination

Synovial fluid analyses are often unhelpful in diagnosing
DOD of the carpus; however, serum and synovial fluid bio
marker analyses have shown promise in this respect.

Diagnostic confirmation

Radiographs are often all that is necessary to diagnose
DOD.

Treatment and prognosis

Therapeutic aims
The primary aim is to correct the problem and then treat the
resulting joint disease as described in previous sections.

Therapy
Arthroscopic examination and treatment of subchondral
cystic lesions of the carpus are necessary. In addition,
medical treatment of the resulting joint disease is needed.

Prognosis

Prognosis is dependent on the size of the lesion and the
amount of articular cartilage erosion that is present within
the joint. Fracture through a cyst or angular deviation
caused by the presence of the cyst must be taken into consid
eration when formulating a prognosis.
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Etiology and pathophysiology

The pathogenesis of DOD is complex and theoretical in some
aspects. However, a few things have been proven clinically
and experimentally. Trauma to the articular cartilage and
subchondral bone has been shown experimentally to cause
subchondral cystic lesions in the stifle."! The influence of
body size and growth rate on the development of DOD has
also been proposed, and supported in Warmbloods and
Standardbreds, but again, these were shown in the tarsus and
stifle.l-' Nutritional imbalances in minerals, energy and
protein have also been suggested in the pathogenesis of DOD,
as has heredity.'? Because DOD manifestations other than
angular limb deformity are rare in the carpus, there has been
little clinical or experimental work done to gain information
on the pathogenesis of disease.

Prevention

Nutrition is paramount to prevent DOD in horses. In particu
lar, adequate energy, protein and mineral balance are critical.
Furthermore, changes in feed should be gradual. It also
appears that genetics may be a factor in DOD and should be
considered when inquiring about a certain breeding pair.
Some consider trauma to be a factor in the development of
DOD and early training should be monitored closely.

Carpal canal syndrome

• Accessory carpal bone fracture commonly leads to carpal
canal effusion.

• Idiopathic hemorrhage is not uncommon.
• Osteochondroma can lead to carpal canal effusion.
• Lameness severity is variable.

Recognition

History and presenting complaint

Acute or chronic carpal sheath swelling is seen with this
disease with variable degrees of lameness.

Physical examination

Carpal sheath swelling with variable lameness and variable
response to flexion is often seen. In chronic cases of the
disease, fibrosis may be appreciated medially, but little effu
sion may be present.

Special examination

Radiographs often reveal an osteochondroma or a re
active area at the physis. In some cases nothing is seen and
ultrasound is needed to evaluate soft tissue structures.

Hemorrhage into the sheath can be appreciated with ultra
sound, as can fibrin and adhesion- formation.

Laboratory examination

Synovial fluid analysis is often unremarkable, although in
acute hemorrhagic conditions, bright red blood may be seen.

Diagnostic confirmation

Diagnostic confirmation is dependent on the disease process
that is present. For instance, osteochondroma may be
confirmed radiographically, but deep digital flexor tendon
tearing would be seen ultrasonographically. It is not uncom
mon to see deep digital flexor tendon tearing secondary to
osteochondroma formation, warranting ultrasound use
when osteochondroma is diagnosed.

Treatment and prognosis

Therapeutic aims

Removal of the primary disease entity and treatment with
anti-inflammatory medications are needed. However, with
tendon damage, prolonged rest and gradual return to exer
cise are essential.

Therapy

Tenoscopic exploration of the sheath is often needed,
especially in the case of osteochondroma removal. De
bridement of deep digital flexor tendon fibers may also be
carried out during tenoscopic examination. In addition, anti
inflammatory medications are useful and viscosupplementa
tion may be indicated to prevent adhesion formation. Without
the presence of an osteochondroma, drainage and injection of
corticosteroids and hyaluronic acid may providebenefit.

Prognosis

Prognosis is often good for injuries to structures within the
carpal canal.

Etiology and pathophysiology

The formation of an osteochondroma is thought to be due to
the presence of residual physeal tissues within the area and
subsequent endochondral bone formation. Hemorrhage into
the carpal canal is thought to be a result of osteochondroma
fracture, generalized trauma to structures within the sheath
or idiopathic.

Epidemiology

In general, carpal canal diseases are rare and can occur in
any breed or use of horse.



Prevention

No good form of prevention is available for carpal canal
injuries, although removal of osteochondromas is necessary
to prevent chronic damage to the sheath and deep digital
flexor tendon.

Periarticular disease

• Hygroma can lead to isolated dorsal swelling.
• Synovial hernia is evidenced by palpable swelling between

the skin and a joint.
• Synovial fistula leads to effusion of two adjacent synovial

structures.
• Synovial fistula often occurs with other lesions.

Recognition

History and presenting complaint

Horses with periarticular diseases of the carpus often pres
ent with a history of acute or chronic swelling in the carpal
area. However, lameness is often absent with most of these
diseases.

Physical examination

Horses with periarticular disease often show dorsal carpal
swelling and in the case of synovial fistula formation,
swelling may occur in two separate locations, such as two
joints or a joint and an associated tendon sheath. Lameness
may be absent, but in most cases of synovial fistula, other dis
eases such as osteochondral fragmentation or OAare present,
which in themselves may cause lameness.

Special examination

Radiographs of the carpal area in horses with synovial
hernia or hygroma formation are often unremarkable. In
horses with synovial fistula formation, it is not uncommon to
see radiographic signs of osteochondral fragmentation or OA.
Intra-articular or intralesional injection of contrast agent
often indicates the connection of the lesion to the joint.
However,in some cases such as ganglion formation, the injec
tion may need to be within the joint as a one-way valve may
exist that would prevent passage of the contrast agent into
the joint from the lesion.

Ultrasonographic examination can show the communica
tion between a hernia and the joint, although the lack of
visualization does not rule out its presence.

Laboratory examination

There are no laboratory tests that are helpful in diagnosing
these lesions.
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Diagnostic confirmation

Arthrographic documentation is often necessary to confirm
the presence of these lesions. However, often lesions that
communicate to a joint can be visualized arthroscopically.

Treatment and prognosis

Therapeutic aims

Removal of the inciting cause is often necessary.

Therapy

Anti-inflammatory medications and bandaging are often
useful in resolving hygroma formation. However,persistence
of the lesion occasionally results. Anecdotally, injection of
contrast agents into the lesion has resulted in resolution in a
few cases. However, surgical resection is sometimes needed
and should be weighed against the presence of the existing
lesion.

Synovial hernias are often only of cosmetic concern, but
their removal is sometimes desired. Primary herniorrhaphy is
needed to correct this problem, which requires the creation of
an incision in the area. Again, the presence of the scar must
be weighed against the cosmetic blemish of the existing
hernia.

Treatment of intrasynovial fistula has been documented;
however, other lesions, such as osteochondral fragmentation
and fracture, should also be treated at the same time.

Prognosis

The prognosis for hygromas and hernias is good although a
cosmetic blemish may persist. In the case of synovial fistula,
the prognosis is dependent on the severity of the associated
lesions.

Etiology and pathophysiology

Trauma is the primary etiology for these lesions.

Epidemiology

Hygroma formation is common although the others are not.
Again, horses with dorsal carpal swelling should be moni
tored to see if they are prone to continual trauma.

Prevention

Early recognition and treatment of dorsal carpal swelling are
essential to prevent persistent hygroma formation.
Furthermore, careful observation of the animal may show
that it persistently strikes the area during eating or play and
a change in management during feeding or proximity to
other animals may be needed.
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Tenosynovitis of carpal
extensor tendons

• Jumpers commonly exhibit this after hitting rails.
• Cross-country horses can acquire this from hitting fixed

rails.
• Sepsisdue to foreign bodies is not uncommon.
• Medical or surgical therapy is often needed.

Recognition

History and presenting complaint

Acute or chronic swelling of the dorsal carpal area is often
reported and in some cases, the swelling may represent cel
lulitis and severe lameness.

Physical examination

In non-septic cases, the swelling is localized to the extensor
tendons dorsal and proximal to the carpus. There mayor may
not be associated lameness. but in most cases there is some dis
comfort with carpal flexion. In septic cases. a diffuse. painful
swellingis present and the horse is usually severelylame.

Special examination

In some long-standing cases, periosteal reaction may be seen
on the dorsum of the radius. However. in general, radio
graphs are often unremarkable. Ultrasonographic examina
tion often shows the increased fluid within the sheath and
damage to the extensor tendons.

Laboratory examination

Synovial fluidanalysis is essential for confirming the presence
of sepsis. but non-septic conditions are often unremarkable
in their presentation.

Diagnostic confirmation

Synovial fluid is confirmatory for septic cases and ultrasound
is confirmatory in most other cases.

Treatment and prognosis

Therapeutic aims

Non-septic conditions require anti-inflammatory treatments
and rest for management of tissue changes. Septic conditions
require surgical treatment, drainage and antimicrobial therapy.

Therapy

Anti-inflammatory medications are necessary in any case
of tendon sheath swelling. In septic cases. tenoscopy,

foreign body removal and debridement are indicated, as is
antimicrobial treatment. Persistent cases may require open
drainage. Viscosupplementation is often necessary to pre
vent adhesion formation in any case.

Prognosis

The prognosis is good for return to athletic soundness,
although a cosmetic blemish may result. Septic cases are
dependent on the ability to overcome the infectious process.

Etiology and pathophysiology

Striking of the carpus on an object is often the cause of this
syndrome and in septic cases. a foreign body is sometimes
present.

Epidemiology

Traumatic events are usually the cause of tendon sheath
swelling, so horses that are used for jumping, especiallythose
that jump fixedstructures. may be more at risk for developing
the disease.

Prevention

There are no good preventive measures for this disease, except
for early recognition of punctures or lacerations into the
sheaths. and aggressive treatment once recognized.

References

1. Denoix J. Ultrasonographic examination in the diagnosis
of joint disease. In: McIlwraith C,Trotter G, eds. Joint
disease in the horse. Philadelphia, PA:Saunders; 1996;
165-202.

2. Frisbie DD,Kawcak CE,Baxter GM,et al. Effectsof 6alpha
methylprednisolone acetate on an equine osteochondral
fragment exercise model. AmJ VetRes 1998;
59(12):1619-1628.

3. Frisbie DD,Kawcak CE,Trotter GW, Powers BE,Walton RM.
McIlwraith cwo Effectsof triamcinolone acetonide on an in
vivo equine osteochondral fragment exercise model. Equine
Vet} 1997; 29(5):349-359.

4. Whitton RC,Kannegieter NJ.Rose RJ.The intercarpal
ligaments of the equine midcarpal joint, Part 3: Clinical
observations in 32 racing horses with midcarpal joint disease.
VetSurg 1997; 26(5):374-381.

5. Kawcak C, Firth E, Herthel D. Sandler E.Clinical uses of
computed tomography. In: Robinson NE,ed. Current therapy
in equine medicine. Philadelphia, PA:Saunders; 2003.

6. Whitton RC. Rose RJ.Postmortem lesions in the intercarpal
ligaments of the equine midcarpal joint. Aust VetJ 1997:
75(10):746-750.

7. McIlwraith CWo YovichJv. Martin GS.Arthroscopic surgery
for the treatment of osteochondral chip fractures in the
equine carpus. J Am VetMed Assoc 1987; 191(5):531-540.



Il. Al-Sobayil F. Effects of exercise on synovial fluid and serum
biomarkers of musculoskeletal diseases in horses with and
without osteochondral fragmentation [thesis], Fort CoIlins.
CO: Colorado State University: 2002.

9. Poole R. Pathologic manifestations of joint disease in the
athletic horse. In: McIlwraith C.Trotter G, eds. Joint disease in
the horse. Philadelphia. PA:Saunders: 1996: 1l7-I04.

10. Bramlage L. First aid and transportation of fracture patients.
In: Nixon A, ed. Equine fracture repair. Philadelphia, PA:
Saunders: 1996: 36-42.

18 The carpus

II. Ray C, Baxter G. McIlwraith CWo et ai. Development of
subchondral cystic lesions following articular cartilage and
subchondral bone damage in young horses. Equine VetJ
1996: 2H:225.

12. Douglas J. Pathogenesis of osteochondrosis. In: RossM.Dyson S.
eds. Lameness in the horse. Philadelphia. PA: Saunders: 2003:
534-543.

367



● Communication between synovial spaces is unpredictable
and they should be considered separate sacs for diagnostic
and therapeutic purposes.

● The trochlear groove is centered between the medial and
lateral trochlear ridges of the distal femur (Fig. 19.1A).

● The medial trochlear ridge is larger than the lateral and
with the patella compromises part of the stay apparatus
(Fig. 19.1A).

● The medial collateral ligament and the medial meniscus
are fused at the medial joint margin (Fig. 19.1A–C).

● The cranial and caudal cruciate ligaments are extrasyn-
ovial and located in the septum between the medial and
lateral femorotibial joints.

● The medial and lateral collateral ligaments and three
patellar ligaments (medial, middle and lateral) are all
extrasynovial.

● The cupped fibrocartilaginous menisci enhance congruity
of the round femoral condyles and flat tibial condyles 
(Fig. 19.1A, C).

Diagnosis and treatment of stifle disease in horses require an
understanding of the articular anatomy and joint mechanics. It
is important to obtain an adequate history to determine the age,
use and duration of the lameness and whether a specific acci-
dent or injury precipitated it. Horses with stifle diseases are
reluctant to flex the joint when gaiting and the cranial phase of
the stride tends to be short, with the foot carried close to the
ground. As a result, the gluteal rise on the involved or more
severely affected side will be higher but of shorter duration.
Walking on an incline or performing an upper limb or stifle
flexion test will often exacerbate the lameness.

There may be visible or palpable effusion of any of the syn-
ovial sacs and atrophy of the gluteal or quadriceps muscles
may accompany long-standing diseases. There may be
marked periarticular or ligamentous thickening, crepitus or
instability if ligamentous injuries or fractures are present.
Intrasynovial anesthesia may help localize the compartment
or structures involved. Due to the complexity of this joint, any
improvement in the degree of lameness after intrasynovial
anesthesia should warrant further investigation as involve-
ment of multiple soft tissue or extracapsular structures may
result in an incomplete response (Fig. 19.1A).

The stifle joint is the largest and most complex in horses. It
has a large range of motion and movements of the patella,
distal femur and proximal tibia are highly co-ordinated and
precise due to the remarkable anatomic design and function
of the bony and soft tissue structures that stabilize the joint.
Because of this specialized anatomic construct, injury and
developmental or degenerative disease of a specific compo-
nent will often cause articular instability somewhere else in
the joint, making diagnosis and treatment challenging and
adversely affecting prognosis for equine athletes. Stifle disease
in horses can be developmental, infectious, traumatic or
degenerative. Prompt recognition and localization of the
disease process within the joint will maximize therapeutic
options and improve the prognosis for future athletic use as
most degenerative conditions in older horses are usually the
result of a previous traumatic injury of a soft tissue or bony
structure.

The tarsus in horses has high-motion (tarsocrural) and
low-motion (proximal and distal intertarsal and tarso-
metatarsal) articulations. The severity, clinical presenta-
tion, joint affected and progression are variable and can 
be influenced by breed, conformation (skeletal or body-
weight), athletic use, age at onset and therapeutic regimens
used. Many tarsal conditions can be managed medically or
surgically such that a large proportion of these patients 
can successfully return to their previous level of athletic
activity.

Stifle

Anatomy

● The equine stifle is composed of the femoropatellar and the
medial and lateral femorotibial joints.

Tarsus and stifle
Federico G. Latimer
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Other diagnostic procedures that can be used for horses sus-
pected of having stifle disease include arthrocentesis 
for synovial fluid analysis or cultures, radiography, ultrasono-
graphy, nuclear scintigraphy, arthroscopy and magnetic
resonance imaging. Radiographic views include the latero-
medial, caudocranial, 30° caudolateral-craniomedial and

caudomedial-craniolateral and the cranioproximal-craniodistal
oblique (skyline) of the patella. Ultrasonography can be used to
evaluate the patellar, collateral and cruciate ligaments as well as
the menisci and articular cartilage of the trochlear ridges (Fig.
19.1A–C). Nuclear scintigraphy will identify areas of increased
skeletal or soft tissue inflammatory or metabolic activity. It is

Fig. 19.1
(A) Cranial aspect of the stifle joint. (B) Medial aspect of the stifle
joint.
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usually ineffective in identifying subchondral cysts of the medial
femoral condyle in horses. Arthroscopy will permit visualiza-
tion and manipulation of the intra-articular structures for ther-
apeutic or diagnostic purposes.

Collateral ligament injuries

● The paired collateral ligaments (CoL) stabilize the stifle
medially and laterally (Fig. 19.1B, C).

● The lateral CoL is reinforced by the lateral musculature of
the thigh.

● The medial CoL has limited soft tissue coverage and is more
frequently injured in horses.

● The medial CoL attaches to the medial meniscus (MM) at
the joint space (Fig. 19.1A, B).

● Injuries to the medial CoL will often lead to significant dis-
ruptions of the MM, exacerbating stifle instability.

Horses have paired (medial and lateral) CoL that provide
medial to lateral stability to the femorotibial joint.

Recognition

History and presenting complaint Horses with medial
CoL injuries will usually present with an acute onset of severe
lameness after a traumatic event or fall or with a less dra-
matic degree of rear limb lameness when the injury is milder
or chronic.

Physical examination There will be a variable amount of
soft tissue swelling and pain on the medial aspect of the stifle.
Chronic injuries may have palpable thickening of the medial
CoL, particularly when compared to the unaffected side.
Horses with major disruption of the medial CoL will have
obvious stifle instability and resent manipulation of the joint.
Horses with more subtle injuries will have shortened anterior
phase of the stride with decreased stifle flexion, toe dragging
and a shorter but higher gluteal rise (‘hip hike’) on the
affected side. Upper limb or stifle flexion and a medial CoL
stress test (abduction of the limb distal to the stifle) will 
exacerbate the lameness.
Special examination Horses with incomplete disruptions
of the medial CoL may partially improve after intra-articular
analgesia of the medial femorotibial joint due to diffusion of
anesthetic into the area around the ligament or because of
disruption of the MM that often accompanies this injury.
Caudocranial stress radiographs revealing a widened medial
joint space or an avulsion fracture of the distal femur or prox-
imal tibia are diagnostic when complete disruptions are
present (Figs 19.2, 19.3).1 Chronic injuries may demonstrate
a narrowed medial femorotibial joint space and multiple
osteophytes or enthesiophytes on the medial aspect on the
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Fig. 19.1
(C) Caudal aspect of the stifle joint.

Fig. 19.2
Three-year-old Standardbred filly that presented with a grade
3 lameness of the left rear limb, medial femorotibial joint
effusion and marked response to upper limb flexion.The
caudocranial radiographic projection reveals narrowing of the
medial joint space that was confirmed during arthroscopic
surgery as a complete tear of the medial meniscus and cranial
meniscotibial ligament.



standard radiographic projections.1 Ultrasonography of the
medial CoL and MM can identify the extent of structural dis-
ruption and fiber discontinuity (Fig. 19.4).2,3 The scans can

be performed on the axial border of the femorotibial joint
with horses standing using a 7.5–10 MHz linear probe 
(Fig. 19.5). The images should be obtained in a longitudinal
and transverse orientation relative to the CoL.2,3

Necropsy examination A variable degree of disruption
in the medial CoL and MM will be present. Chronic cases
exhibit thickening of the medial CoL with fibrillation and
erosion of the MM and articular cartilage of the medial
femoral condyle along with periarticular bony proliferation.
Diagnostic confirmation Differential diagnoses include
other causes of acute and severe lameness originating from the
stifle such as fractures of the femur, patella or proximal tibia,
cruciate or patellar ligament injuries, sepsis and traumatic
patellar luxation. Chronic injuries need to be differentiated from
stifle lameness caused by osteochondrosis, synovitis, meniscal
injuries and degenerative joint disease secondary to instability
or inflammation. The physical examination and the radi-
ographic, ultrasonographic and arthroscopic appearance are
diagnostic for medial CoL and MM injuries.

Treatment and prognosis

Therapeutic aims Prevent further damage to the struc-
ture(s) involved and reduce the inflammatory response.
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Fig. 19.3
Ten-year-old Quarter Horse mare with mineralization of the
axial aspect of the meniscus, collapse of the medial joint space,
periarticular osteophyte formation and the presence of a large
subchondral cyst on the medial femoral condyle.Arthroscopic
surgery revealed a complete tear of the medial meniscus and
marked erosion of the articular cartilage of the medial femoral
condyle.
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Fig. 19.5
Ultrasonographic appearance of a tear in the body of the
medial meniscus in a mature sport horse.

Fig. 19.4
Ultrasonographic
image of a medial
meniscus injury on
the axial aspect of
the joint space.



Therapy Stall rest and systemic NSAIDs (phenylbutazone
2.2–4.4 mg/kg, p.o. per day), chondroprotective agents (poly-
sulfated glycosaminoglycans or hyaluronic acid) and/or intra-
articular anti-inflammatory therapy (hyaluronic acid and/or
corticosteroids) may be beneficial in horses with acute but
partial disruptions of the medial CoL. Intra-articular cortico-
steroids should be used judiciously to minimize inflammation,
but repeated use may catabolize articular cartilage and blunt
healing responses. Arthroscopic debridement of meniscal
abrasions or fibrillation may reduce intra-articular inflam-
mation, thereby preventing osteoarthritis.4–6 Stall rest for 
4–8 weeks followed by gradual increase in hand-walking for
8–12 weeks should be adequate, depending on the severity of
the injury. The horse should be re-evaluated radiographically
and ultrasonographically at 6–9 months for soft tissue healing 
and osteoarthritis before considering a return to athletic
activity.
Prognosis Horses with significant disruption of the medial
CoL will respond poorly to attempts at surgical repair and the
ensuing stifle instability and meniscal injury make the prog-
nosis for athletic use or pain-free life very poor.7 The prog-
nosis for horses with subtle injuries is guarded for athletic use
and good for life, depending on the severity of the original
injury, the degree of stifle instability and whether degenera-
tive joint disease develops. Horses competing in more
demanding athletic disciplines have a very guarded prognosis
for full return to function.

Prevention

Proper shoeing (caulks when traction is required), avoiding
strenuous activity when footing is poor or placing the horse
in competitive events beyond its ability or degree of condi-
tioning and withdrawal from competition if fatigue ensues
may help prevent these injuries. Demanding disciplines in
horses that are poorly conditioned, lame or schooled improp-
erly may predispose to injuries.

Etiology and pathophysiology

Medial CoL injuries are the result of intense lateral to medial
bending stresses during exercise or during a fall. Loss of
footing, striking an immovable object or placement of large
rotational forces on the stifle during weight bearing can
result in CoL injuries in equine athletes. The paired CoL stabi-
lize the stifle medially and laterally and disruptions of the CoL
in horses will cause joint instability, impeding ambulation or
pain-free exercise. Medial CoL injuries will often involve the
MM, adversely affecting joint function.

Epidemiology

Collateral ligament injuries of the stifle are seen more fre-
quently in athletes that jump (event horses, steeplechasers
and hunters) or those that participate in disciplines with
sudden stops or turns (barrel racing and polo).

Meniscal injuries

● Injuries of the cranial horn or ligament and body of the
MM can cause lameness in equine athletes.

● Disruption of the MM can accompany CoL injuries in
horses.

● Meniscal injuries can result from crushing forces when the
femur rotates over the menisci with the leg in extension.

● Meniscal injuries can be a sequel to stifle instability caused
by cruciate ligament disruptions.

Horses have a medial and lateral meniscus. Each cupped
fibrocartilaginous meniscus functions to provide stability and
congruency between the rounded femoral condyles and the
flat tibial condyles at the femorotibial articulation (Fig. 19.1).
Each meniscus has a cranial and caudal attachment (menis-
cal ligaments) to the tibia that maintains it in precise
anatomic alignment during locomotion (Fig. 19.1). The
medial meniscus and medial CoL are firmly attached to each
other at the axial aspect of the joint space.

Recognition

History and presenting complaint The clinical presen-
tation is similar to horses with medial CoL injuries.
Physical examination The physical examination para-
meters and response to limb manipulation tests will be
similar to horses with medial CoL injuries since they often
occur simultaneously. The degree of lameness, periarticular
thickening and effusion of the femorotibial joint will vary
depending on the severity of the injury and duration. In
horses with concurrent injury to the cranial cruciate
ligament (CrL) the degree of stifle instability will be more
pronounced.8

Special examination Medial femorotibial joint anesthesia
will usually improve the lameness but the response is variable
depending on the severity of the injury and additional extra-
capsular soft tissue or intra-articular cartilage structures
involved. Large meniscal tears will cause collapse of the
medial femorotibial joint space on the caudocranial radi-
ographic projection (Figs 19.4, 19.5).1 Degenerative joint
disease and loss of femoral condyle cartilage will be evident in
chronic cases (Fig. 19.5). Enthesiophytes or osteophytes may
also be evident on the cranial aspect of the intercondylar emi-
nence of the tibia or the edges of the femorotibial joint.1

Ultrasonography or arthroscopy can be used to assess 
the integrity of the cranial and axial aspects of the MM 
(Figs 19.6, 19.7). Ultrasonography of the MM can be per-
formed with a 7.5 MHz linear probe along the cranial and
axial aspect of the femorotibial joint.2,3 Defects or injuries of
the MM may be imaged as hypoechoic areas in the horn 
or ligament at the axial or cranial portion of the structure
(Fig. 19.5). Concurrent medial CoL injuries will be imaged
axially at the attachment to the MM.2,3

Necropsy examination Findings are similar to CoL
injuries with the severity of the changes dependent on the
degree of MM damage and loss of congruity between the
femoral and tibial condyles.
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Diagnostic confirmation Differential diagnoses include
other causes of acute lameness originating from the stifle
such as fractures, cruciate or patellar ligament injuries, sepsis
and patellar luxation. Chronic injuries need to be differenti-
ated from stifle lameness caused by osteochondrosis, synovi-
tis and degenerative joint disease secondary to instability or
inflammation. The physical examination and the radio-
graphic, ultrasonographic and arthroscopic appearances are
diagnostic for MM injuries.

Treatment and prognosis

Therapeutic aims Prevent further damage to the MM rest
and surgical debridement of loose meniscal tissue that may
exacerbate synovitis and accelerate the development of
osteoarthritis.8

Therapy Arthroscopic surgery of the medial femorotibial
joint is helpful to determine the extent of the injury and to
debride damaged tissue from the MM or cranial meniscal 
ligaments that incite further inflammation.4–6,8 In most
horses with meniscal lesions, the tear begins approximately
1 cm from the axial edge of the horn of the meniscus and 
the ligament.4,6,8 The depth (full versus split thickness),
length and degree of tissue separation of the lesion will vary
(Figs 19.6, 19.7). Debridement of loose and damaged tissue
may diminish the stimulus for joint inflammation.
Arthroscopy can also be used to monitor or assess healing
before returning to work.4 The surgical findings can also be
used to formulate a more accurate prognosis for future ath-
letic soundness. Horses with full-thickness tears that extend
caudally under the femoral condyle probably have a poorer
prognosis for full return to function due to the potential for
persistent stifle instability.4,6,8 Stall rest for 4–8 weeks will
minimize further damage to the MM and associated soft
tissue. Systemic (NSAID and chondroprotectives) and/or
intra-articular (hyaluronic acid and/or corticosteroids)
therapy can be used to control the deleterious effects of syn-
ovitis on intra-articular structures. Healing can be assessed
with ultrasonography or repeat arthroscopy to determine the

optimal time to initiate hand-walking and eventual return to
work.
Prognosis Horses with lesions confined to the cranial liga-
ment and cranial horn of the meniscus have a fair to good
prognosis for returning to athletic competition following
arthroscopic debridement and prolonged rest (6–9
months).4,8 Athletes with large tears involving the body of
the meniscus as it courses under the femoral condyle, com-
plete avulsion of the cranial attachment and concurrent CoL
or CrL damage have a poor prognosis for athletic use.4,8

Prevention

The same shoeing, conditioning, schooling and judicious
retreat from adverse conditions as previously described for
CoL injuries.

Etiology and pathophysiology

Meniscal injuries can result from crushing forces when the
femur rotates over the menisci with the leg in extension during
high-speed athletic activities or a traumatic event such as a fall
or kick.9,10 Meniscal injuries can occur after joint instability
caused by cruciate ligament disruptions. Small lesions confined
to the cranial horn or ligament of the meniscus may cause
minimal stifle instability but the ensuing synovitis from the
damaged soft tissue can cause chronic lameness and, if not
treated in a timely fashion, shorten an athletic career. Extensive
lesions involving the body of the meniscus or those that occur in
conjunction with other soft tissue injuries will often end a career
due to the resulting stifle instability.

Epidemiology

Meniscal injuries are more common in horses competing in
jumping disciplines, participating in galloping events with
sudden stops and turns or during a fall or traumatic event
during a competition.9 Poor footing, extreme course difficulty
and inadequate conditioning or talent may also be contributory.
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Figs 19.6, 19.7
Arthroscopic view of a tear in the medial meniscus.



Cruciate ligament injuries

● Cranial CrL injuries in horses always have a midbody com-
ponent.

● Avulsion fractures at the attachments are less common
and occur in combination with the midbody injury.

● Caudal CrL injuries are rare and they usually occur after
cranial CrL damage.

● These injuries will often end the career in equine athletes.

Horses have paired (cranial and caudal) CrLs that are
extrasynovial and located in the septum between the medial
and lateral femorotibial joints (Fig. 19.1A). They provide sta-
bility to the stifle joint and limit cranial or caudal movements
of the tibia or femur during locomotion. The CrLs are loaded
maximally during stifle extension and the caudal CrL is
axially rotated during stifle flexion.11 During weight bearing
the CrLs will limit rotation and forward displacement of the
tibia and stabilize the medial aspect of the femorotibial
joint.11 Cranial CrL injuries are more common in horses and
are often accompanied by other soft tissue injuries (CoL or
MM).8,12 Caudal CrL injuries are often accompanied by
cranial CrL injuries but can occur independently.13

Recognition

History and presenting complaint Horses with a
cranial CrL injury present with an acute onset of moderate to
severe lameness and often have a history of a fall, loss of
footing with a sudden forceful attempt to regain it or colliding
with an immovable object.9

Physical examination There is moderate to severe lameness
characterized by non-weight bearing or toe-touching gait on
the affected limb immediately following the injury. Over time the
lameness may improve but the horse will remain reluctant to
flex the stifle during the swing phase and will not completely
load the tibia during the stance phase of the stride.9 Effusion of
the femorotibial joints is readily discernible. Flexion of the stifle
will often be vigorously objected and will worsen the lameness.9

Stifle instability and worsening of the lameness may be noted if
the tibia is repeatedly rocked caudally while the horse is weight
bearing (cruciate test). Crepitus or periarticular thickening is
uncommon. Atrophy of the thigh and gluteal musculature is
common in chronic cases with marked lameness.
Special examination Because the septum that separates
the two joints is usually torn, the cruciate ligaments will then
be intrasynovial so that anesthesia of the medial and/or
lateral femorotibial joint will often improve the lameness con-
siderably.8,12 However, there will be a residual mechanical
instability of the gait with complete disruptions of the cranial
CrL. In acute cases, intra-articular anesthesia is rarely neces-
sary. Radiographs are often non-diagnostic because avulsion
fractures at the attachments are rare.14 An avulsion fracture
of the intercondylar eminence of the tibia may be observed
infrequently with cranial CrL injuries (Fig. 19.8).14–16 If a
weight-bearing lateromedial projection can be obtained,
cranial displacement of the proximal tibia relative to the
distal femur may be present after complete cranial CrL dis-
ruptions. In chronic cases of CrL disruptions, radiographic

evidence of degenerative joint disease will be present and
mineralization of the damaged CrL may be seen.

Ultrasonographic imaging of a cranial CrL tear can be per-
formed in the standing horse by directing a 5 or 7.5 MHz
linear or curvilinear probe parallel and between the medial
and middle patellar ligaments with the stifle fully flexed.2,3

This requires sedation and/or articular analgesia as many
horses with CrL injuries resent this manipulation. Dis-
continuity of the fiber pattern or size of the structure is sug-
gestive of injury to the cranial CrL. The caudal CrL may be
imaged ultrasonographically from the caudal aspect of the
femorotibial joint. Arthroscopic surgery will enable accurate
evaluation of the CrL and other intra-articular structures.6

Magnetic resonance imaging or computed tomography
would be ideally suited for the diagnosis and quantification of
intra-articular soft tissue injuries of the equine stifle.
Necropsy examination At necropsy, variable disruption
of the cranial CrL and other articular soft tissue or bony
structures is present with synovitis and hemorrhage.
Depending on the duration, there may be evidence of second-
ary degenerative changes within the joint.
Diagnostic confirmation The differential diagnoses
include stifle fractures, soft tissue injuries (CrL, MM), hemor-
rhage or sepsis. Horses with cranial CrL disruptions are
usually very lame. The degree of instability and the arthro-
scopic and ultrasonographic findings are usually diag-
nostic.6,8 Arthroscopic findings may include a variable
amount of fiber disruption in the cranial and/or caudal 
CrL, tearing of the septum between the femorotibial joints,
widening of the femorotibial joint space, avulsion fractures of
the intercondylar eminence of the tibia and meniscal injuries.6,8

Treatment and prognosis

Therapeutic aims Minimize further damage to the CrL
with rest and control inflammation to allow soft tissue
healing. Physical therapy is used to re-establish joint mobility
and tissue strength.
Therapy There are no effective surgical procedures avail-
able to reinforce or reconstruct the cranial CrL in horses, as
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there are in humans, dogs or cattle, due to anatomic differ-
ences, biomechanical demands and expectations for eventual
outcome. In addition, horses with complete cranial CrL tears
have other intra-articular soft tissue injuries that make any
attempt at stabilization unrewarding. A medial, cranial
and/or lateral arthroscopic approach to the femorotibial joint
will allow visualization of the CrL, articular septum and
menisci.4–6 Arthroscopic debridement of loose soft tissue
associated with partial cranial CrL injuries and lavage to
remove protein debris and inflammatory mediators may be
effective in minimizing the deleterious effects of synovitis and
enable some athletes to return to work. Small fracture frag-
ments from the intercondylar eminence of the tibia can be
removed but care must be taken to avoid further damage to
the CrL or its attachment.15 Larger fragments involving the
insertion of the cranial CrL can be secured to the parent bone
using cortical screws.16 Lag screw technique may be con-
traindicated as it could weaken the fragment, causing it to
shatter when the implant is tightened.

Concurrent use of systemic and intra-articular anti-
inflammatory or chondroprotective therapy after surgery is
indicated. Complete rest (6–9 months) may increase the
strength of the repair tissue in the cranial CrL.8 Hand-
walking immediately after surgery is detrimental if any
degree of instability is present. Swimming after 4–6 weeks of
stall rest will allow the soft tissues to gain strength and
increase the range of motion of the joint without loading the
healing structures and exacerbating the instability.
Prognosis The prognosis for future athletic soundness is
guarded to poor due to the considerable stifle instability that
results from CrL injuries. This will restrict pain-free locomo-
tion and will eventually lead to osteoarthritis. Horses with
partial injuries without additional soft tissue injuries may
return to light work, but return to more demanding disci-
plines like eventing, jumping or polo may not be a realistic
expectation unless the degree of CrL fiber disruption is
minimal and stifle stability is not affected.4 Horses that
require constant analgesic or anti-inflammatory medication
to remain in work should be retired from competition.
Complete CrL tears usually carry a poor prognosis for even a
sedentary pain-free life and euthanasia is a humane option.

Prevention

The training and equestrian competition guidelines men-
tioned for preventing CoL and MM injuries should be applica-
ble in minimizing the occurrence of these injuries.

Etiology and pathophysiology

The cranial CrL is loaded maximally during stifle extension.
Most cranial CrL injuries occur when the stifle is impacted or
twisted during weight bearing, causing hyperextension.9

During a fall, internal rotation of the tibia with the stifle fully
flexed can exert enough force to tear the cranial CrL. Once
disrupted, the stability of the stifle is adversely affected,
making precise alignment of the femur and tibia impossible,
leading to painful ambulation and degenerative joint disease.

Since the CrLs are loaded maximally during stifle extension,
most CrL injuries are midbody tears.11

Epidemiology

Cranial CrL injuries can occur in any horse involved in athletic
competition at high speeds or those that require jumping,
sudden turns or body contact that can precipitate a fall.

Osteochondrosis of the stifle

● The stifle is a very common site for osteochondrosis in the
horse.

● The lateral trochlear ridge of the femur is the most fre-
quently affected site in the femoropatellar joint.

● The medial femoral condyle is the most frequently affected
site in the femorotibial joint.

● The onset of lameness is variable depending on the size
and location of the lesion and age and use of the horse.

Osteochondrosis can affect multiple joints in the horse and in
the stifle manifests as osteochondrosis dessicans lesions with
loose cartilage flaps or subchondral bone cysts with poor-
quality subchondral bone for articular cartilage support.
These lesions may actually represent the response to exercise-
induced trauma after normal pressures are applied to a joint
with an abnormal or immature subchondral bone.

Recognition

History and presenting complaint Horses affected with
osteochondrosis dissecans (OCD) of the trochlear ridges or
patella will usually present with an obvious rear limb lame-
ness that can be localized to the stifle(s) by gait evaluation,
limb manipulation and intrasynovial anesthesia. These
horses are often younger than 1 year of age and have obvious
femoropatellar joint effusion representative of the more
severe nature of the lesions. Horses with less extensive lesions
may not present until they are older than 2 years of age and
the onset and severity of the lameness may not be as obvious.
These horses may become increasingly lame with more rigor-
ous work schedules and the degree of femoropatellar joint
effusion may be subtle.

Lameness caused by subchondral bone cysts (SC) of the
femoral condyle(s) is usually diagnosed in young athletes
(2–4 years of age) but can often affect horses as young as 
6–9 months of age. It is frequently the cause of a rear limb
lameness that becomes evident when affected horses are first
placed into work. The lameness is unilateral or bilateral and
the severity is largely dependent on the size of the lesion(s)
and type of work the horse is performing. The lameness will
vary in severity but will often worsen with work and improve
after rest. Horses participating in more strenuous athletic dis-
ciplines will present earlier than those involved in less active
routines (pleasure). Horses will rarely present with both types
of stifle osteochondrosis simultaneously.
Physical examination Affected horses have a characteris-
tic gait common to horses with stifle disease (see previous sec-
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tions) and will respond similarly to limb manipulations and
change in surface incline. Careful attention to limb move-
ments and gait is necessary because the disease is bilateral in
approximately 60% of horses,17 so that the gluteal rise and
change in stride dynamics may not be as obvious as in a horse
with disease of only one stifle. Horses with OCD of the tro-
chlear ridges or patella have obvious effusion of the femoro-
patellar joint and those with SC will have effusion of the
medial femorotibial joint. Occasionally horses with simul-
taneous shoulder and stifle OCD will present with a very
stilted, shortened gait (walking on egg shells) and kyphosis of
the lumbar spine.
Special examination Intra-articular anesthesia of the af-
fected joint will usually result in a dramatic improvement in
the lameness. This may not be necessary in horses with
marked lameness and effusion of the stifle, but simultaneous
OCD of the shoulder joint(s) is not uncommon and it may be
necessary to improve the rear leg lameness to allow careful
observation of the thoracic limbs.

Radiographs of the stifle are usually diagnostic for the con-
dition. However, there are horses with OC of the stifle that
have normal-appearing radiographs that present with effu-
sion of the stifle and a lameness that can be localized to the
joint. The lesions in these horses are limited to the articular
cartilage and do not extend deep into the subchondral bone,
hence the normal-appearing radiographs. These patients will
often require arthroscopy of the affected joint for diagnosis
and treatment. Ultrasonographic examination of the carti-
lage of the dorsal aspect of the trochlear ridges with a
5–7.5 MHz probe positioned between the patellar ligaments
may reveal cartilage defects in the femoropatellar joint not
visible radiographically.

Both stifles should be radiographed, as the condition is
commonly bilateral,17 even though the clinical signs or radi-
ographic changes may be more obvious or severe on one
limb. The lateromedial and oblique views are best suited to
evaluate lesions of the lateral (most common) or medial
trochlear ridge of the distal femur or rarely the patella 
(Figs 19.9, 19.10). There may be subchondral lucencies or
flattening of the subchondral bone, most commonly on the
mid to distal aspect of the lateral trochlear ridge but they can
occur anywhere on either ridge (Figs 19.9, 19.10).18–20

Mineralized or ossified cartilage fragments that are attached
or loose can also be present along the articular margin of the
trochlear ridges, trochlear groove or patella, either within the
articular defects or loose at the bottom of the joint.18–20 The
radiographic appearance of these lesions will usually under-
estimate the severity of the lesions encountered at
surgery.18–20 The caudocranial view will usually reveal the
central location of the subchondral cyst of the medial
femoral condyle (Figs 19.11, 19.12), and large cysts can
often be seen on the oblique and lateromedial views.21 These
cysts can be quite large (Fig. 19.12), have a variable degree of
subchondral bone lucency and most will have sclerotic bone
surrounding the cyst cavity.21 In long-standing cases of stifle
OC there may be radiographic evidence of degenerative joint
disease (DJD) along the articular joint margins. Adequate
radiographic technique and equipment is necessary to ade-

quately image the stifle in an adult horse and is especially
important in identifying SC. Nuclear scintigraphy is not
accurate in identifying SC lesions due to their relative
avascularity.
Necropsy examination Variable amounts of articular carti-
lage erosion and fibrillation are seen with areas of normal-ap-
pearing hyaline cartilage detached or inadequately supported
by subchondral bone. The subchondral bone bed may be necro-
tic or filled with granulation or fibrous tissue or fibrocartilage.
Chronic cases may have variable amounts of DJD with thinning
of the articular cartilage and the presence of wear lines.
Diagnostic confirmation Osteochondrosis of the stifle is
differentiated from other causes of stifle lameness by the
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Fig. 19.9
Osteochondrosis
dissecans of the
lateral trochlear
ridge of the femur
in a 2-year-old
Thoroughbred colt.

Fig. 19.10
Osteochondrosis
dissecans of the medial
trochlear ridge of the
femur in a 2-year-old
Thoroughbred filly.



gradual onset of the condition and the characteristic radi-
ographic or arthroscopic appearance.

Treatment and prognosis

Therapeutic aims Debride loose cartilage or osteochon-
dral fragments and remove all avascular and unsupported
subchondral bone. Allow enough time for the affected articu-
lar surfaces to be resurfaced with fibrocartilage.
Therapy The treatment of choice is arthroscopic debride-
ment of the lesions via standard approaches to the
femoropatellar or medial femorotibial joint. Trochlear ridge
lesions are ideally visualized through an arthroscopic
approach between the middle and lateral patellar ligaments
with the instrument portal between the middle and medial or
lateral patellar ligaments.17–20 Copious lavage should be used
during surgery to remove all cartilage and bone fragments to
reduce the inflammatory effects of this debris. If both stifles
are affected they should be operated on simultaneously to
limit the progression of the disease in the other joint, mini-
mize the anesthetic risk of two surgeries and speed recovery
in horses intended for athletic use.

The arthroscopic appearance of OCD lesions in the
femoropatellar joint is usually more extensive than the
radiographic appearance would indicate and some very distal
trochlear ridge or patellar lesions may be surgically challeng-
ing. A lateral or cranial arthroscopic approach to the medial
femorotibial joint can be used to debride SC lesions of the
medial femoral condyle.6,21,22 The SC lesions will often appear
as a subtle dimple of the articular cartilage on the condyle
(Fig. 19.13A), which after debridement and forage of all
unsupported cartilage and subchondral bone can become
rather large defects (Fig. 19.13B).21,22 These defects may
eventually become radiographically indistinguishable or
remain as a persistent radiographic defect after the surgery in
some relatively sound patients.
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Fig. 19.11
Subchondral bone
cyst of the medial
femoral condyle 
of the femur in a
3-year-old Quarter
Horse colt.

Fig. 19.12
Subchondral bone
cyst of the medial
femoral condyle of
the femur in a 
5-year-old Quarter
Horse gelding.

Fig. 19.13
(A) Arthroscopic view of a subchondral 
cyst of the medial femoral condyle.
(B) Arthroscopic appearance of the
subchondral cyst in (A) after surgical
debridement.
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Postoperative pain may be significant in horses with large
lesions operated on bilaterally. Use of intra-articular mepiva-
caine or narcotics (morphine sulfate, 6–15 mg) at the con-
clusion of surgery will reduce articular pain and often will
improve recovery from general anesthesia. Epidural anal-
gesics in the immediate postoperative period may make pain
management more effective. Stall confinement for 4–6 weeks
after surgery is necessary and a gradual reintroduction to
hand-walking started 10–14 days after surgery. Gradual
return to exercise after 5 months may be an option for horses
with smaller lesions while those with extensive lesions may
require 6–9 months of rest. Postoperative use of anti-
inflammatory and chondroprotective agents will decrease
discomfort and may maximize the quality and quantity of
repair tissue in the defect.

Osteochondral grafts harvested from a non-weight
bearing area of the joint, autologous, compacted cancellous
bone grafts and pluripotential stem cells transformed into
cartilage-producing cells prior to implantation into SC have
had variable results in improving the quality of tissue that
resurfaces these defects in horses.23–27 Some methods appear
promising but are not used at this time due to the morbidity
of additional articular defects, the need for multiple surgeries
and the unpredictable nature of the results. Improving the
quality of repair tissue for articular defects in horses would
greatly improve the quality and longevity of many athletic
careers.

Conservative treatment of stifle osteochondrosis may be
suitable for small OCD lesions and some SC that demonstrate
only flattening of the condyle. Horses with OCD of the lateral
trochlear ridge or large SC cysts will have a better prognosis
for return to athletic function if they are treated surgically
with arthroscopy early in the disease process.18–22 Horses
treated conservatively should be rested for 6–8 months with
frequent radiographic monitoring for progression of healing.
Radiographic resolution of the lesions is usually very slow
and incomplete. Often the initiation of exercise will exacer-
bate the lameness, requiring more aggressive surgical treat-
ment. Conservative therapy may result in loss of the early
part of an athletic career if, after a prolonged lay-off, there is
no radiographic or clinical improvement and surgery is then
required.
Prognosis Stifle OC carries a fair to good prognosis for
return to athletic activity in most horses with small to moder-
ate defects.18–22 Younger horses may benefit from early surgical
intervention to curtail progression of the lesion and minimize
degenerative articular changes from chronic inflamma-
tion.18–21 Young animals with severe lameness due to stifle OC
that is left untreated will spend long periods in recumbency,
leading to marked limb deformities and flexural contractions.
These horses should be treated surgically early in the disease
process to avoid these serious and career-ending complications.
The unique biochemical and structural arrangement of
hyaline (articular) cartilage makes it capable of withstanding
the stresses and loads of vigorous athletic competition.
However, articular cartilage defects in older horses do not have
the capacity to regenerate hyaline cartilage. These defects are
predictably resurfaced with fibrocartilage that does not have

the biomechanical capability to withstand the rigors of a stren-
uous and prolonged athletic career. Horses younger than 2
years of age may have the capability of regenerating some
hyaline cartilage, so early surgical intervention may improve
the quality of the repair tissue and the integrity of the joint
surface. Horses with OCD of the femoropatellar joint may have
a better prognosis since the lesions are on a gliding articular
surface, in contrast to the usual central weight-bearing surface
of the medial femoral condyle where SCs develop. Horses
intended for elite athletic use having large femoral SC lesions
may not fare as well.

Prevention

Since the disease is multifactorial, complete prevention is
unlikely. Maintaining balanced mineral (copper, zinc,
calcium and phosphorus) levels in the diet and not overfeed-
ing grain (excess phosphorus) is recommended. Delaying rig-
orous training may reduce the incidence in horses that are
skeletally immature and predisposed to traumatically
induced subchondral bone damage and the development of
growth cartilage defects.

Etiology and pathophysiology

Osteochondrosis is a developmental disease characterized by
disorders of the growing cartilage in the epiphysis and
growth plates. This complex biologic mechanism is termed
endochondral ossification and it allows for longitudinal bone
growth and provides subchondral bone support for all joint
surfaces. When this developmental disorder affects the
integrity of the articular cartilage due to loss of joint surface
support, it will cause joint inflammation (osteochondritis).
Other manifestations of this disorder of cartilage develop-
ment include angular limb deformities, physitis, cervical ver-
tebral malformations and SC.

The disease is multifactorial with genetic (growth rate),
nutritional (copper deficiency, calcium and phosphorus
imbalance from feeding excess grain), metabolic (vitamin D
deficiency) and endocrine (hypothyroidism) influences.28–31

The predictable locations of many osteochondral articular
lesions in the horse are sites where the developing articular
cartilage or growth plates are thick, the vascular supply is
tenuous but the biomechanical loads are high.28–31

Therefore, vascular and traumatic insults in these locations
are probably very important in the expression of this disease
in horses.21,29–31 The ultimate expression of the disease is
unpredictable but controlling some of these factors may help
reduce the incidence of the disease in a particular area or
farm.

Epidemiology

The disease has worldwide distribution and varied breed
predilection. The incidence of the disease may vary from one
farm to another and between geographical areas, highlight-
ing the multifactorial nature of the disease. It is a disease of
young horses and is reported frequently in breeds used for
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speed events such as Standardbreds, Thoroughbreds,
Warmbloods and Quarter Horses. Exercise in these breeds at
a young age in conjunction with genetic or nutritional pre-
dispositions may account for its expression.

Patellar luxation

● Patellar luxations in adult horses are usually the result of
severe impact trauma from a fall or collision.

● Lateral luxations are more frequent.
● Affected horses will present with severe lameness and an

inability to fix their stifles in extension.
● Radiographs are necessary for diagnosis and to rule out a

concurrent patellar fracture. 

Horses have three patellar ligaments (medial, middle and
lateral). These attach the distal aspect of the patella to the prox-
imal aspect of the tibia (Fig. 19.1A). The medial patellar liga-
ment will be pulled over the medial trochlear ridge of the femur
when the stifle is locked in extension. Lateral patellar luxations
are more common in horses because the large medial trochlear
ridge, particularly in adults, usually prevents medial dislocation.
Most luxations are congenital or hereditary and seen in minia-
ture horse or pony foals. In adults or young horses, luxation is
secondary to trauma or severe hypoplasia of the lateral
trochlear ridge due to osteochondrosis.

Recognition

History and presenting complaint Patellar luxations in
adult horses present as an acute onset of severe lameness and
swelling of the stifle following a traumatic episode.
Physical examination There is a severe lameness with
marked swelling of the involved stifle. Any attempt to fully
bear weight on the leg will lead to an inability to fix the stifle
in extension. The patella can usually be palpated laterally or
may be displaced distally if the attachments of the quadriceps
muscle have become detached from the proximal patella.32

The horse will usually resent any attempt at limb manipula-
tion or ambulation.
Special examination Radiographs are usually diagnostic
and will reveal the direction of the dislocation.1 The caudo-
cranial, lateromedial or oblique views are diagnostic for
either the more common lateral luxation or the infrequent
distal luxation by evaluating the patella in relation to its
normal anatomic position in the trochlear groove on the
cranial aspect of the femur. A skyline (dorsoproximal to 
dorsodistal) view of the cranial distal femur will confirm the
presence of an empty trochlear groove and the location of the
displaced patella.1 This view may be hard to obtain in a horse
with an acute luxation that resists stifle manipulation. The
radiographs should be closely evaluated for the presence of
any patellar fragmentation, fractures or avulsions that can
accompany the luxation. An attempt should be made to eval-
uate the integrity of the patellar ligaments and medial aspect
of the stifle ultrasonographically.
Necropsy examination At necropsy, there is displace-
ment of the patella out of the trochlear groove with variable

amounts of hemorrhage, soft tissue swelling, bony fragmen-
tation of the patella or trochlear groove and disruption of the
patellar ligaments. In cases secondary to severe OC of the
lateral trochlear groove, there will be marked degenerative
joint disease, periarticular soft tissue fibrosis, an atrophied
trochlear groove and ridge and a variably sized patella in an
abnormal lateral location.
Diagnostic confirmation The differential diagnosis for
acute onset of stifle swelling and severe lameness includes
disruption of intra-articular soft tissue structures (CrL,
menisci, CoL), fractures, hemorrhage, sepsis and cellulitis.
The radiographic and physical examination findings are diag-
nostic for patellar luxation.

Treatment and prognosis

Therapeutic aims Replace the luxated patella to its
normal anatomic location (trochlear groove) and prevent
recurrence.
Therapy Using heavy sedation and possibly a caudal
epidural analgesic, the laterally luxated patella should be
reduced manually by manipulating it proximally and medi-
ally with the horse standing. The manipulation may be
difficult and if the horse is attempting to flex the limb while
movement of the patella is being attempted, it will make
reduction of the lateral luxation impossible. Reduction of the
luxation under general anesthesia is generally easier but it
will usually re-luxate when the horse attempts to stand and
flexes the leg or contracts the quadriceps forcefully. If the lux-
ation can be reduced standing, the horse should be cross-tied
for 4–6 weeks to prevent recumbency and extreme joint
flexion. Systemically administered analgesics and NSAIDs
will help control discomfort and inflammation. Gradual
introduction to hand-walking is instituted for another 12–16
weeks, allowing the extracapsular and patellar soft tissue
support to adequately fibrose. Ultrasonographic and radi-
ographic imaging should be performed before initiating work
to insure complete healing of all the involved structures.
Prognosis The prognosis for soundness is good if there are
minimal concurrent injuries to the intra-articular soft tissue
structures and the collateral or patellar ligaments. Marked
periarticular fibrosis will worsen the prognosis for return to
function and luxations accompanied by significant patellar
fractures may be difficult to manage to achieve a successful
outcome.32

Prevention

These injuries are usually unforeseen and generally not pre-
ventable. However, proper shoeing, schooling and condition-
ing and avoiding precarious footing conditions may help
minimize their occurrence.

Etiology and pathophysiology

These injures are traumatically induced and are usually the
result of a fall, collision with a solid object or a kick. A sudden
forceful contraction of the quadriceps muscle group during
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strenuous activity may lead to disruption of their attach-
ments to the proximal patella, predisposing to distal or lateral
luxation.32

Epidemiology

This disease occurs infrequently and there are few predispos-
ing factors.

Patellar ligament desmitis

● Horses have three patellar ligaments: medial, middle and
lateral.

● The patellar ligaments, particularly the medial, are part of
the stay apparatus of the hindlimb.

● Desmitis or tearing of the patellar ligaments in horses is
infrequent.

● Avulsion fractures of the distal patella often have a patel-
lar ligament injury associated with them.

Recognition

History and presenting complaint Horses with patellar
ligament desmitis will present with an acute or chronic lame-
ness of variable severity.33 There may be a history of a fall or
blunt or sharp trauma.9

Physical examination There is usually mild effusion of
the femoropatellar joint and palpable thickening of the
affected ligament or surrounding soft tissues. The lameness
will usually become worse after stifle flexion.
Special examination Intra-articular anesthesia of the
femoropatellar joint may improve the lameness slightly due to
diffusion of anesthetic around the ligament. The response is
more dramatic if fragmentation of the distal patella accompa-
nies the injury. Local infiltration of the area of the ligament with
mepivacaine may also improve the lameness to some degree.
Fragmentation of the distal patella will be evident radiographi-
cally on survey films and mineralization of the ligaments may
be evident with chronic injuries. Ultrasonographically, desmitis
of the ligaments will appear as hypoechoic or hyperechoic areas
with fiber disruption, depending on the stage of the disease. The
ligaments may be thickened due to edema or scar tissue or have
very reflective areas consistent with mineralization. Ultrasono-
graphic evaluations should be performed with the horse weight
bearing and the scans compared to the contralateral limb for
ligament size and fiber uniformity.2,3

Diagnostic confirmation Patellar ligament desmitis must
be differentiated from other causes of acute or chronic stifle
lameness. Palpation of thickened or painful patellar liga-
ments, incomplete response to intra-articular anesthesia and
the ultrasonographic appearance of patellar ligament disrup-
tion or desmitis are diagnostic.2,3

Treatment and prognosis

Therapeutic aims Arthroscopic removal of intra-
articular avulsion fragments is indicated if there is a
significant response to femoropatellar joint anesthesia and
the fragments are radiographically evident.34 Care must be

taken at surgery not to create further damage to the ligament
by attempting to extract small but well-embedded fragments
that may have little clinical importance.34 An extracapsular
approach for non-articular fragments can be used, but there
must be unequivocal presurgical evidence that the fragments
are actually the cause of lameness and care must be taken to
avoid further damage to the patellar ligament during the
procedure.

Rest and systemic anti-inflammatory therapy are indi-
cated for cases of desmitis without bony fragmentation.
Usually 8–12 weeks of rest with a gradual return to work will
suffice. Horses that had surgery or more severe injuries may
require longer rest periods. Healing of the ligament should be
monitored ultrasonographically and return to work recom-
mendations made on the basis of these findings.
Prognosis Horses with desmitis, partial tears or small
avulsion fractures of the patella have a good prognosis for
return to working soundness.33,34 Complete avulsion or
tearing of the middle patellar ligament causes marked stifle
instability and is generally unresponsive to treatment,
making the prognosis for athletic soundness poor.32,33

Prevention

These injuries are infrequent and prevention is difficult.

Etiology and pathophysiology

Blunt or sharp trauma to the patellar ligaments can cause
patellar ligament desmitis and a sudden forceful contraction
of the quadriceps during a fall or with the stifle in full exten-
sion may also lead to these injuries. With a complete tear or
avulsion of the middle patellar ligament, marked stifle insta-
bility and severe pain will result during ambulation. The
patella can be fragmented as a direct result of the impact or
from an avulsion of all or part of the attachment of the liga-
ment at the distal border of the patella. Chronic desmitis,
intra-articular fragmentation with synovitis and periarticu-
lar fibrosis can all lead to persistent lameness in athletes that
sustain these injuries.

Epidemiology

Patellar ligament injuries may be more common in horses
that event, hunt or steeplechase due to the stresses placed on
the structures during jumping or from striking crossrails or
obstacles while competing.9

Upward fixation and chondromalacia of
the patella

● Upward fixation of the patella is usually intermittent but
can become persistent.

● Fixation occurs when the medial patellar ligament
remains engaged on the medial trochlear ridge during the
swing phase of the stride.

● It is more common in younger horses and those with
upright conformation.
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● Poor quadriceps tone, due to disuse atrophy from injury,
inactivity or neurological disease, predisposes to the
condition.

● Chondromalacia of the patella can result from instability
or weakness of the quadriceps mechanism or patellar liga-
ments.

Recognition

History and presenting complaint The presenting com-
plaint and history may entail only a change in gait with an
exaggerated action to the cranial phase of the stride or 
complete inability to move the limb with the affected leg 
fixed in extension. In some routinely active athletes there may
be a history of a decline or cessation of their work schedule
due to an injury or illness, leading to loss of muscle condi-
tioning that will precipitate the condition once a higher level
of activity is resumed. Horses with chondromalacia will
present with a rear limb lameness of variable duration and
severity.
Physical examination Horses with persistent upward
fixation of the patella will present with the affected limb(s)
fixed in extension, with an inability to flex their stifle or
hock.33 The distal limb joints can still be flexed. The condition
will impede locomotion if bilateral and if unilateral, the horse
may advance the affected limb by dragging it in extension. In
some horses excessive wearing of the toe in the affected
limb(s) will be apparent. In some cases backing the horse,
manual pressure on the patella or light sedation may disen-
gage the patella. In many cases it will recur within a short
time. Most cases present as intermittent upward fixation with
a prolonged posterior stance phase of the stride and a short-
ened or exaggerated swing phase which can be evident at
every stride or only at variable intervals, depending on
surface, incline or duration of exercise. Femoropatellar effu-
sion and response to stifle manipulation and a favorable
response to intra-articular anesthesia will be evident in
horses with chondromalacia of the patella.
Special examination The clinical presentation and
history are usually diagnostic in most horses. Limb manipu-
lation, intra-articular anesthesia or radiographs are usually
unrewarding. If there is an obvious loss of muscle mass asso-
ciated with the quadriceps or rear limbs, further diagnostic
testing for neuromuscular diseases such as equine lower
motor neuron disease, shivers, polysaccharide storage disease
or equine protozoal myelitis would be warranted. Young
horses with intermittent upward fixation of the patella that
present with an upright conformation, flexural contracture
or stifle effusion should be evaluated radiographically to
determine if there is an underlying developmental orthopedic
disease predisposing to the condition.35 Horses with intermit-
tent upward fixation of the patella may have radiographic
evidence of chondromalacia of the patella. Chondromalacia
may be the cause or result of upward fixation of the patella
and may be a response to chronic inflammation or repeated
trauma to the articular cartilage of the patella.35 The patella
may have areas of radiographic lucency or bony prolifera-
tion. There may be radiographic evidence of distal medial
patellar fragmentation if medial patellar ligament desmo-

tomy was used for treatment of intermittent upward fixation
of the patella.
Diagnostic confirmation The principal differential diag-
noses include stringhalt, fibrotic myopathy and shivers.
Horses with stringhalt will usually have exaggerated hock
and stifle flexion that is consistently present at every step and
can be severe enough to cause the horse to hit the ventral
aspect of the abdomen with the distal limb during walking.36

The stance phase of the stride in horses with stringhalt is
usually normal or shortened. Stringhalt may be unilateral or
bilateral, can occur as a herd outbreak and may be related to
exposure to certain weeds (Hypochaeris radicata; dandelions),
trauma or disease of the sciatic or peroneal nerves.36 Horses
with fibrotic myopathy have a pronounced and consistent
interruption of the cranial or swing phase of the stride
marked by a rapid caudal movement of the affected limb
before it makes contact with the ground. The gait in this con-
dition is characteristic and palpation of the semitendinosus
and semimembranosus muscles will reveal the fibrotic com-
ponent of these muscles that will not be apparent in horses
with upward fixation of the patella.35 Shivers will usually
present as an exaggerated flexion of the rear limb and
flagging or quivering of the tail when the rear limbs are
picked up or the horse is backing up or turning in a tight
circle. It is often not so obvious when the horse is moving
forward in a straight line and may be more common in draft-
type horses.35

Treatment and prognosis

Therapeutic aims The condition should be differentiated
from the previously discussed diseases and the patient thor-
oughly evaluated for conformational, neurological or ortho-
pedic diseases that may predispose to the condition. If there is
an underlying cause, then its removal or treatment will help
recovery or resolution of the upward fixation. In cases with
marked atrophy of the quadriceps muscle due to neurological
disease, identification and resolution of the neurological
disease are necessary to restore muscle function and resolve
the condition.
Therapy When a lack of muscle tone is present due to
inactivity or reduced training schedule, these horses will
usually benefit from a gradual reintroduction to work
coupled with an increase in the intensity and frequency of
exercise until the condition is no longer apparent. For severe
cases, exercise regimens that include swimming, underwater
treadmill or backing up will increase the strength of the
quadriceps muscle group and minimize periods of complete
weight bearing that often lead to upward fixation of the
patella. As the horse improves, walking up and down a slope
will further strengthen the muscles that control patellar
movements.

Injection of sclerosing agents such as iodine into or sur-
rounding the patellar ligaments or distal quadriceps has been
used clinically to create an inflammatory response in the soft
tissue, resulting in fibrosis or ‘tightening’ of the periarticular
connective tissue in an attempt to reduce the occurrence of
patellar fixation.37 Injection of 2% iodine or ethanolamine
oleate into the medial or middle patellar ligament in horses
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resulted in a significant accumulation of inflammatory cells
and fibroplasia of the ligaments.38 This fibrous reaction may
result in contraction and stiffening of the ligaments and may
be responsible for the clinical improvement observed when
used in cases of intermittent upward fixation of the patella.38

Routine desmotomy of the medial patellar ligament for
intermittent upward fixation of the patella is not recom-
mended as the practice may lead to chondromalacia and frag-
mentation of the distal patella when high-speed exercise
resumes.39 Rarely, when the fixation is permanent and
cannot be reduced by manipulation or sedation, then a
medial patellar ligament desmotomy may be indicated. The
procedure is performed in sedated standing horses under
local anesthesia.35 These horses should not be actively exer-
cised for 8–12 weeks to reduce the occurrence of distal patel-
lar fragmentation or chondromalacia. In spite of these
precautions, these complications may occur due to chronic
trauma to the patella induced by the desmotomy. These
horses may require arthroscopic surgery of the femoropatel-
lar joint to remove patellar fragments and any diseased artic-
ular cartilage from the patella.34 Use of anti-inflammatory
and chondroprotective drugs in these horses may be of
benefit.
Prognosis The prognosis for most athletes with this condi-
tion is excellent for resolution if any underlying cause can be
identified and treated and the degree of conditioning
improved. Horses treated with a medial patellar ligament
desmotomy for upward fixation of the patella may develop
patellar fragmentation or chondromalacia of the patella.
These horses will often present with femoropatellar synovial
effusion and lameness. The prognosis for athletic soundness
in these horses is guarded.

Prevention

There is no general recommendation on preventing this con-
dition in horses. Maintaining a consistent exercise program
of adequate rigor for the particular discipline being pursued
is usually all that is required. If predisposed athletes have
been removed from training or active exercise for a period of
time, an incremental approach to training will be helpful in
limiting the disruption caused by this gait abnormality.
Reducing or eliminating exercise in horses with a weak
quadriceps mechanism and avoiding the indiscriminate use
of medial patellar ligament desmotomy may prevent chon-
dromalacia of the patella.

Etiology and pathophysiology

An upright conformation and developmental or orthopedic
diseases causing pain during stifle flexion can precipitate 
the condition. Disuse atrophy or neurological dysfunction 
of the quadriceps muscle group, limiting the ability to dis-
engage the patella from the medial trochlear ridge as the
horse moves, is probably the most common cause for this
condition. The condition will affect athletic performance by
interfering with the normal range of motion of the stifle joint
during locomotion.

Chronic trauma to the posterior aspect of the patella
caused by stifle instability (idiopathic or iatrogenic) may lead
to chondromalacia of the patella.

Epidemiology

The condition can affect any age and use of horse. It may be
more common in younger horses or those with decreased
quadriceps tone due to underlying disease or inactivity.

Stifle fractures

● Stifle fractures in adult horses are challenging to treat and
often have a guarded prognosis for return to athletic use.

● The patella is the sesamoid bone of the quadriceps muscle
group insertion on the proximal tibia.

● Patellar, tibial tuberosity, incomplete distal femoral and
condylar fragmentation may all be amenable to treatment,
thereby improving the prognosis for return to function.

● These injuries will often have concurrent articular soft
tissue or ligament injuries that will make diagnosis, treat-
ment and rehabilitation very challenging.

● Prompt recognition, adequate case selection and excellent
clinical therapy are important aspects of managing these
injuries in adult horses to restore joint stability and
function.

Recognition

History and presenting complaint There is a history of
an acute onset of severe lameness of a rear limb after a fall or
impact. There may be a complaint of marked swelling, pain
or crepitus over the stifle or proximal tibia of the affected limb
or an inability to fix the stifle in extension.
Physical examination There is usually a marked degree 
of lameness present on the affected limb marked by a toe-
touching attempt to bear weight or complete non-weight
bearing. There may be a variable amount of soft tissue
swelling or crepitus centered on the patella or cranial aspect
of the tibia. In horses with complete transverse patellar frac-
tures, there may be an inability to maintain the stifle in exten-
sion during any attempt at weight bearing, with an obvious
protrusion of the distal femoral trochlear ridges.40 Any
attempt to manipulate the stifle will cause marked discomfort
and palpation of the periarticular structures will reveal
crepitation. There may be obvious soft tissue defects or con-
tusions if the injury resulted from direct impact trauma.
These soft tissue injuries need to be completely evaluated to
determine if the soft tissues are viable and if communication
with the underlying bone or joint is present. Open fractures
with devitalized soft tissues will complicate therapy, mini-
mize options and worsen the prognosis.40 If the fracture has 
an intra-articular component the degree of femoropatellar
and/or femorotibial effusion or hemorrhage will be readily
palpable. Horses with distal patellar fragmentation usually
present with less severe lameness, femoropatellar effusion
and soft tissue swelling.9,39,41,42
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Special examination Intra-articular anesthesia or limb
manipulations are not necessary in horses with complete
sagittal, transverse or comminuted patellar fractures or those
with tibial tuberosity or distal femoral fractures. The clinical
presentation will usually localize the lameness to the stifle.
Horses with distal patellar fragmentation or stress fractures
will have a less obvious clinical presentation and intra-
articular anesthesia or limb manipulations will be
necessary.9,42

Radiographs of the stifle are necessary to make an accurate
diagnosis, formulate a therapeutic plan and determine a prog-
nosis. Transverse or comminuted patellar fractures are imaged
on standard lateromedial, caudocranial and flexed laterome-
dial views. When sagittal patellar or medial patellar avulsion
fractures are suspected, the dorsoproximal to dorsodistal
(skyline) view (Fig. 19.14) is ideal for imaging the size of the
fragments and the location of the fracture line.42 The caudo-
medial to craniolateral and caudolateral to craniomedial
oblique views are necessary to visualize bony fragments associ-
ated with distal patellar avulsions or fragmentation.
Distomedial patellar fragmentation may be evident in horses
after medial patellar ligament desmotomy was performed for
treatment of intermittent upward fixation of the patella.39,43

The flexed lateromedial or skyline view may be hard to obtain
in painful horses. Sedation (detomidine 0.01–0.02 mg/kg i.v.
and/or butorphanol 0.01–0.02 mg/kg i.v.) or intra-articular
anesthesia may facilitate the manipulations necessary to
obtain adequate images. Radiographic quality and complete-
ness will affect preoperative planning and formulation of a
prognosis. Tibial tuberosity or distal femoral fractures can be
imaged on the lateromedial, caudocranial or oblique views.
These radiographs should be carefully evaluated for any intra-
articular component or fracture line propagation. Tibial
tuberosity fractures may be confused with the active tibial
tuberosity physis present in horses up to 3 or 4 years of age and
in these cases the lateromedial radiograph of the opposite tibia
should be used for comparison.44,45

Ultrasonography of the patellar ligaments and the CoL is
indicated for all horses with patellar, tibial tuberosity or distal
femoral fractures. These scans can be performed standing
using a 7.5 or 10.0 MHz linear probe positioned directly 
over each structure. It is not uncommon to sustain con-
current ligament (patellar, CoL and CrL) or intra-articular
soft tissue (MM and articular cartilage) injuries with these
fractures.42,46 Nuclear scintigraphy may be helpful in the
diagnosis of incomplete stress fractures or traumatic-
ally induced osteitis of the patella, distal femur or proximal
tibia.
Diagnostic confirmation The clinical presentation and
lameness evaluation will localize the source of lameness to
the stifle. Diagnosis of these injuries is dependent on adequate
and detailed radiographic studies of the stifle. Special views
(skyline) are necessary when unusual fracture configura-
tions are suspected (Fig. 19.14). Ultrasonographic evaluation
will reveal concurrent soft tissue injuries. Accurate imaging
is imperative to permit optimal therapeutic selection and
prognosis.

Treatment and prognosis

Therapeutic aims Before any therapy is attempted, a
precise and accurate diagnosis of all affected bony or soft
tissue structures is imperative. These injuries adversely affect
stifle function and there is no room for tentative or delayed
therapeutic efforts that may further compromise function
and irreversibly prevent any chance at rehabilitation. When
the injuries are severe enough to make repair and rehabilita-
tion unlikely, these horses should be euthanized for humane
reasons.

The therapeutic aim is to stabilize fractures that are
amenable to internal fixation, remove any intra-articular
fragments that cannot be reduced and stabilized but con-
tribute little to joint stability and debride or remove any
damaged soft tissues that can promote inflamma-
tion.40,42,47–51 After surgery, every effort must be made to
assist the horse during the anesthetic recovery and enforce
the required rest periods necessary to insure adequate bony
or soft tissue healing. Rehabilitation of joint function is an
important therapeutic component for these injuries.
Therapy Patellar fractures are usually treated surgically
with internal fixation to re-establish joint stability, articular
congruency and quadriceps function.40,42,47–51 Conservative
treatment of patellar fractures with disruption of the quadri-
ceps mechanism (transverse or comminuted) will invariably
fail and lead to persistent pain, osteoarthritis and joint
fibrosis with contralateral limb breakdown. Sagittal patellar
fractures should be treated surgically when there is a palpable
fracture line present in the patellar fascia, a fracture gap of
greater than 5 mm evident on the skyline view or significant
fragmentation of the distomedial aspect of the patella indi-
cating the presence of significant articular disruption.40

Surgical intervention involves an approach over the patella
through the peripatellar fascia and quadriceps muscles with
reduction and debridement of the affected tissues.40 Separate
approaches to the medial and lateral aspect of the
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femoropatellar joint may be necessary to adequately reduce
the fracture. The fracture is maintained in reduction with 
4.5 or 5.5 mm cortical or 6.5 mm cancellous screws.40,49,51

Small axial fractures or distomedial fragments that are too
small or comminuted to allow secure internal fixation can be
removed (partial patellectomy) with arthroscopy of the
femoropatellar joint.34,39,41,42 Placement of the arthroscope
laterally between the middle and lateral patellar ligament will
improve visualization of the distomedial aspect of the patella
where most of these fragments are located.34

Not all distomedial patellar fragments are intra-articular.
If their location is determined to be extracapsular due to
absence of effusion, lack of lameness or response to intra-
articular anesthesia, they should not be removed because the
periarticular soft tissue or ligament disruption may cause
long-term clinical problems.34 If there is any doubt as to their
intra-articular location, arthroscopic evaluation is preferable
to liberal incisions and extensive tissue dissection in an effort
to remove the fragments. Non-displaced sagittal fractures (no
palpable peripatellar fascial gap or radiographic fracture gap
less than 5 mm) will usually heal with a fibrous union after
60–90 days of stall rest.40 Follow-up radiographs may reveal
persistent lucency of the fracture in horses with minimal
joint effusion or lameness, indicating fracture stability and
adequate joint resurfacing.40

Transverse or comminuted patellar fractures must be
treated surgically due to complete disruption of the quadri-
ceps mechanism with distraction of the fracture fragments
and inability to fix the stifle in extension.40,49,50 Transverse
fractures can be stabilized using 5.5 mm cortical or 6.5 mm
cancellous lag screws reinforced with a tension band of 16 or
18 gauge orthopedic wire to neutralize the pull of the quadri-
ceps apparatus.49 Comminuted fractures are repaired using a
combination of lag screws, tension band wiring and removal
of small fragments.40 The aim of any surgical procedure is to
restore continuity of the quadriceps mechanism and re-
establish congruency of the joint surface.

Arthroscopic approaches to the femoropatellar joint for
treatment of patellar fractures are preferable to arthrotomies
that are prone to incisional dehiscence due to suture line
tension from joint effusion, soft tissue swelling and joint
motion.34,41,42 Every attempt should be made to eliminate all
dead space during closure of the incision to minimize inci-
sional complications and implant sepsis. Disruption of the
muscular or ligament attachments to the patella will compli-
cate the ensuing instability and place added or abnormal
loads on the orthopedic implants and fracture repair. Full
limb casts or bandages are contraindicated for managing
these injuries as a substitute for surgery or as coaptation after
surgery as they will actually increase the distractive forces
across the injured tissues.40

Assisted and controlled recovery from anesthesia is imper-
ative to minimize disruption of the internal fixation, inci-
sional dehiscence or lateral patellar luxation following partial
patellectomy caused by a sudden forceful contraction of the
quadriceps muscle. After surgery, cross-tying the patient for
4–6 weeks will prevent recumbency and minimize incisional
or orthopedic implant failure.

Administration of NSAIDs and stent bandages of the sur-
gical incision is important to control swelling. The degree of
soft tissue damage, presence of closed suction drains, dura-
tion of surgery and rigidity of the fracture repair will deter-
mine the duration of broad-spectrum antimicrobial drug
administration. Patellar fractures will require 5–6 months for
adequate bony and soft tissue healing. Atrophy and fibrosis of
the articular and periarticular soft tissues are common and
physical therapy (swimming) to re-establish range of motion
and strength of soft tissues is imperative before a return to
riding may resume at 9–12 months. Healing may be delayed
due to the constant tension created by the pull of the quadri-
ceps muscle group on the injured tissues. Serial radiographic
evaluation for fracture healing and implant positioning
should be used as a guide to changes in activity levels during
the postoperative period. Patellar fractures may heal with a
fibrous union that will be radiographically apparent.40 Lack
of effusion and resolution of the lameness should be used as
indicators of healing and guide increasing activity levels.40

Tibial tuberosity fractures may be intra-articular if the
depth and angle of fracture propagation are steep
enough.44,45 The pull of the quadriceps through the middle
patellar ligament will concentrate the distractive forces on
the tuberosity during stifle flexion and further displace an
existing fracture.9,44,45

Non-displaced fractures may be diagnosed radiographi-
cally or with scintigraphy and can be treated conservatively
with stall rest and cross-tying for 3–6 weeks. They should be
serially radiographed to insure that the pull of the quadriceps
does not displace the fracture during convalescence.
Displaced fractures and those with an intra-articular compo-
nent should be surgically repaired using a tension band prin-
ciple to offset the pull of the quadriceps muscle through the
middle patellar ligament.44,45,52,53 The same biomechanical
principle may make surgical therapy of non-displaced frac-
tures ideal to speed healing.

Large fractures with an intra-articular component can be
repaired using a 4.5 mm broad dynamic compression plate
(DCP) with 4.5 or 5.5 mm cortical screws.44,45,52,53 The
5.5 mm screws have greater holding power and the broad
DCP with the staggered screw hole configuration will reduce
the probability of inducing horizontal fissures through the
fractured tuberosity.44,52 However, the 4.5 mm narrow DCP
is easily contoured to the cranial aspect of the tibia, thereby
avoiding placement of the screws in one plane.45,53 When the
plate is secured with 4.5 mm cortical screws it should provide
adequate stability for these fractures.45,53 Alternatively, 4.5
or 5.5 mm cortical lag screws can be used with 16 or 18
gauge orthopedic wire in a tension band principle to secure
smaller fractures.44 Small non-displaced fragments can be left
alone to minimize disruption of the attachment of the middle
patellar ligament to the tibia during attempts at surgical
removal or the fragments can be carefully removed if they are
unstable or causing lameness.45 After surgery horses should
be assisted during the recovery and confined to a stall for 6–8
weeks.44,45,52 Hand-walking or exercise can be gradually
introduced after radiographic evaluations of complete frac-
ture healing.
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Adult athletes with comminuted or over-riding distal
femoral fractures that involve the diaphysis, metaphysis or
femoral condyle(s) should be humanely destroyed.54 The
small or comminuted distal fragments are not usually large
enough to permit secure fixation with orthopedic implants.
Non-displaced distal femoral Salter-Harris physeal fractures
that occur in young (18–20 months) horses (Fig. 19.15) will
generally respond to conservative treatment and will usually
heal in 8–12 weeks.55 Femoral condylar fragments that
involve less than 25% of the caudal aspect of the condyle in
an adult horse can be removed surgically via a caudal arthro-
tomy or arthroscopic approach.56,57

Prognosis The prognosis for horses with patellar fractures
that can be adequately reduced and secured with implants or
have intra-articular fragments removed arthroscopically is
favorable for return to athletic competition.34,40–42,48 Re-
establishment of articular congruency and the integrity and
function of the periarticular soft tissues will improve the
eventual outcome. Horses with partial patellectomies at the
proximal or distomedial aspect of the patella have a favorable
prognosis if the fragment is small and soft tissue disruption is
minimized at surgery.34,42 Horses with significant comminu-
tion of the patella have a worse prognosis due to difficulty in
re-establishment of joint congruity.40

Horses with tibial tuberosity fractures that are non-
displaced or displaced fractures that can be adequately
reduced and secured at surgery have a favorable prognosis for
return to athletic function if the implants and soft tissues
remain intact during the recovery and early postoperative
period.44,45,52,53 Horses in which significant disruption of
either occurs postoperatively will have a poor prognosis for
use or pain-free ambulation.44,45,52

Adult horses with femoral condylar fractures involving
less than 25% of the condyle treated surgically (fragment
removal) have a good prognosis for return to athletic use.56

Those with non-displaced distal femoral physeal fractures
have an excellent prognosis for full return to function if
displacement or limb contracture does not occur.

Prevention

There is no effective way to prevent these athletic injuries.
Attention to footing, conditioning and level of training in
light of the degree of difficulty of the endeavor may reduce
the possibility of an accident causing one of these injuries.

Etiology and pathophysiology

Patellar fractures in adult horses occur infrequently and are
the result of a kick or collision with a fence or crossrail while
jumping.9 When the stifle is flexed (as in jumping) the patella
is fixed in the trochlear groove, concentrating the force of the
impact on the patella.9

Tibial tuberosity fractures are caused by blunt or impact
trauma to the cranial aspect of the dorsal tibia, which has
little soft tissue coverage to dissipate any disruptive force
applied directly to it.45 The physis of the tibial tuberosity does
not completely ossify and fuse with the proximal tibial epi-
physis until 2–3 years of age.44 The quadriceps muscle group
attaches to the tibial tuberosity through the middle patellar
ligament. This attachment may concentrate distractive forces
during contraction or loading of the quadriceps appara-
tus.45,52,53 If the fracture line is deep into the tibial cortex and
propagates caudally at a steep angle, the fracture will be
intra-articular.44,52

Distal femoral fractures in adult horses are rare and trau-
matically induced after a kick or collision. There is often a
marked amount of soft tissue trauma associated with these
injuries.

Epidemiology

These injuries can occur in any type of athletic horse
involved in a discipline in which a sudden loss of footing at
high speed can occur or full-speed exercise around or over
immovable objects is undertaken.

Tarsus

The equine tarsus has high-motion (tarsocrural) and low-
motion (sustentaculocalcaneal, tarsometatarsal, distal and
proximal intertarsal) joints. The distal tibia articulates with
the medial and lateral trochlear ridges and trochlear groove
of the talus (Fig. 19.16). This articulation provides for hock
flexion and extension during locomotion. The talus articu-
lates with the flattened central tarsal bone distally and the
calcaneus on the plantar aspect of the tarsus (Fig. 19.16).
The articulations of the calcaneus with the plantar surface of
the talus and the proximal surface of the fourth tarsal bone
are low-motion joints. The proximoplantar aspect of the cal-
caneus projects plantar to the tibia and serves as the attach-
ment of the gastrocnemius tendon (GT), which contributes to
hock movement and is part of the reciprocal apparatus of the
hindlimb. The superficial digital flexor (SDF) tendon courses
over the calcaneus and GT on the plantar surface of the hock
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Fig. 19.15
Non-displaced, incomplete Salter-Harris fracture of the distal
femur in a 2-year-old Thoroughbred colt.



and eventually attaches to the plantar surface of the proxi-
mal and middle phalanx. The medial and lateral edges of the
SDF have firm fascial attachments to the calcaneus to main-
tain its central position over the calcaneus. A bursa separates
it from the GT, allowing it to glide over the calcaneus during
tarsocrural joint motion. The deep digital flexor (DDF) tendon
is encased in the tarsal sheath as it courses medially in the
tarsal canal formed by the plantar and distomedial borders of
the talus and calcaneus, respectively. The distomedial projec-
tion of the calcaneus that encases the DDF plantar to the
talus is the sustentaculum tali. Distally, the talus and calca-
neus articulate with the central tarsal bone and the proximal
aspect of the fourth tarsal bone to form the proximal inter-
tarsal joint (Fig. 19.16). The central tarsal bone articulates
distally with the third and fused first and second tarsal bones
to form the distal intertarsal joint. The tarsometatarsal joint
is the collective articulation of the fused first and second,
third and fourth tarsal bones with the second, third and
fourth metacarpal bones, respectively (Fig. 19.16). These
distal joints are primarily low motion–high impact joints sub-
jected to shear stress, compression and torsion during ath-
letic activity in horses.

This complex bony arrangement is held together by a
system of collateral ligaments and fascia that alternately
tighten or loosen during flexion and extension to maintain
precise bony alignment.58 The long lateral collateral ligament
(CoL) originates proximally on the lateral tibial malleolus and
courses distally to insert on to the calcaneus, fourth tarsal
bone, talus and the fourth and third metacarpal bones 
(Fig. 19.16). The long lateral CoL is loose in flexion and taut
during extension of the tarsus. The short lateral CoL mecha-

nism is composed of three (superficial, middle and deep) liga-
ments (Figs 19.17, 19.18). All three originate proximally on
the lateral tibial malleolus and insert distally on the calca-
neus (superficial) and talus (middle and deep). The lateral
short CoLs are variably tight or loose during flexion or exten-
sion of the tarsus. The medial long CoL originates proximally
at the medial tibial malleolus and inserts distally on the fused
first and second tarsal bones and on the talus, central and
third tarsal bones by two separate fiber bundles (Fig. 19.19).
It is loose during tarsocrural joint flexion and tight during
extension. The short medial CoL is made up of the superficial,
middle and deep short medial CoLs (Figs 19.20, 19.21,
19.22). They originate proximally on the medial tibial malle-
olus and insert distally on the deep fascia, fibrous joint
capsule, sustentaculum tali and central tarsal bone. The
medial short CoLs are variably tight or loose during flexion or
extension of the tarsus, with the majority of the deep com-
ponent remaining tight during the entire range of motion of
the tarsocrural joint.58

The tarsocrural joint communicates with the proximal
intertarsal joint in most horses. Communication between the
distal intertarsal and tarsometatarsal joints has been
reported to occur in 26%,59 35%,60 or 38%61 of horses when
the tarsometatarsal joint is injected first. Following the same
injection, 3–4% of tarsometatarsal joints would be expected
to communicate with the proximal intertarsal and tarso-
metatarsal joint.59,60 Increasing the volume or pressure 
of injection of liquid agents does not increase the prob-
ability of communication, but will increase the amount of
subcutaneous leakage of fluid.61 The tarsometatarsal and
distal intertarsal joints may also communicate with the tarsal
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Fig. 19.16
Lateral view of the right equine tarsus.Calcaneus
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sheath, tendon of the tibialis cranialis and the subtarsal
tissues near the origin of the suspensory ligament at the
plantar surface of the third metacarpal bone.60,61 Due to this
variable communication between synovial structures of the
tarsus, intrasynovial anesthesia or medication of the distal

intertarsal or tarsometatarsal joint cannot be accurately pre-
dicted to affect more than a single compartment and may
have an extrasynovial effect on the suspensory ligament. In
addition, any substance placed into one of these joints could
diffuse into the tarsal sheath or tarsocrural joint.60
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Fig. 19.17
Lateral view of the right equine tarsus demonstrating the superficial
short lateral collateral ligament (SSCoL).

Fig. 19.18
Lateral view of the right equine tarsus demonstrating the middle short
lateral collateral ligament (MSCoL) and deep short lateral collateral ligament 
(DSCoL).



Osteochondrosis of the tarsus

● The tarsus and stifle joints are the most frequently affected
with osteochondrosis in horses.

● Standardbreds, Warmbloods and draft horses are more
frequently affected.

● Osteochondrosis of the distal intermediate ridge of the
tibia is the most common lesion in the tarsocrural joint.
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Fig. 19.19
Medial view of the right equine tarsus demonstrating the long medial
collateral ligament (LMCoL).

Fig. 19.20
Medial view of the right equine tarsus demonstrating the superficial
short medial collateral ligament (SSMCoL).



389
19 Tarsus and stifle

Fig. 19.22
Medial view of the right equine tarsus demonstrating the deep short
medial collateral ligament (DSMCoL).
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Fig. 19.21
Medial view of the right equine tarsus demonstrating the middle short
medial collateral ligament (MSMCoL).



● The lateral trochlear ridge of the talus and medial malleo-
lus of the tibia are the next most frequently affected sites in
the tarsocrural joint.

● The degree of effusion and lameness is variable depending
on the age and use of the horse.

● In equine athletes that are lame, surgical treatment will
minimize the deleterious effects of synovitis on articular
cartilage.

● Osteoarthritis and collapse of the intertarsal or tarso-
metatarsal joints in young athletes is seen with osteo-
chondrosis of these joints.

Recognition

History and presenting complaint The history and clin-
ical presentation of horses with osteochondrosis (OC) of the
tarsus is variable. There are mature athletic horses (older
than 2 years of age) in which there is no lameness or effusion
associated with an OC lesion that is considered an incidental
finding on routine tarsal radiographs. There are young
horses (less than 12 months of age) that have marked effu-
sion of one or both tarsocrural joints. In most horses of this
age group, there is usually no complaint of lameness or the
degree of lameness is very subtle. Horses with OC of the
tarsus that is affecting athletic performance are usually in
training or racing (2–3 year olds). These horses will present
with a mild to moderate degree of lameness associated with
effusion of the tarsocrural joint.
Physical examination Horses that are symptomatic for
OC of the tarsus will present with effusion of the tarsocrural
joint. The distension can be subtle or obvious and in horses
with marked effusion it can be tight if the distension devel-
oped recently after rigorous exercise was initiated or soft if the
distension is chronic. In most horses, the degree of lameness
varies from mild to moderate and they are rarely markedly
lame. A fracture of a tibial malleolus may be mistaken for an
OC lesion radiographically, but fractures have an acute onset
of swelling and marked lameness associated with them. The
lameness is characterized by reduced flexion of the hock
during the swing (anterior) phase of the stride. The duration
of the weight-bearing or stance phase is usually normal but
the horse may drag the toe of the affected limb(s) at a walk or
trot. Due to this shortened gait, extended high-speed exercise
or collected work where optimal hock flexion is required
becomes more difficult for the athlete to perform adequately.
Affected Standardbreds may break gait at high speeds, lean
on the shafts of the cart during high-speed exercise or pull
away from the affected side, making it difficult to keep the
horse in a straight line. Since the degree of lameness is often
mild, there is usually no gluteal rise accompanying the lame-
ness. Upper limb flexion will exacerbate the lameness in 
most horses, the duration and severity of the effect being
variable. Horses with OC of the small tarsal joints may 
have severe degenerative joint disease of the distal inter-
tarsal or tarsometatarsal joints. They usually present with a
marked lameness with a shortened swing and stance phase, a
prominent gluteal rise and a positive response to upper limb
flexion.

Special examination Perineural analgesia of the per-
oneal and tibial nerves should be expected to improve lame-
ness caused by tarsal OC. Horses with osteoarthritis of the
intertarsal or tarsometatarsal joint secondary to OC would be
expected to improve after this block. Perineural analgesia is
usually not required for cases of tarsocrural OC as the degree
of effusion raises the index of suspicion for that joint. Intra-
articular analgesia of the tarsocrural, intertarsal or tarso-
metatarsal joints will improve a lameness originating from
these joints if they are affected with OC. The use of intrasyn-
ovial anesthesia may be of particular value in determining if
a radiographically evident OC lesion is the cause of lameness,
especially in cases where the degree of effusion is minimal.
This may help decide which horses are likely to benefit from
surgery to debride the OC lesion. Horses with OC of the small
tarsal joints would be expected to improve after intrasynovial
anesthesia of the affected joint(s). If the small intertarsal
joints are collapsed, it may be difficult to perform the arthro-
centesis to effectively block the joint.

Complete radiographic evaluation of the tarsus should be
performed in affected horses and these should be obtained
bilaterally even if only one tarsus appears to be clinically
affected. These include the dorsoplantar, lateromedial, 
dorsolateral-plantaromedial and dorsomedial-plantarolat-
eral obliques and a flexed lateral view.62 Osteoarthritis and
collapse of the tarsometatarsal and intertarsal joints due to
tarsal OC will be evident on all views, but often more obvious
on the lateromedial and dorsolateral-plantaromedial
oblique.62 The OC lesion of the distal intermediate ridge of
the tibia, lateral trochlear ridge of the talus and medial 
tibial malleolus are often best imaged on the oblique views
(Figs 19.23, 19.24). However, the lesions are also evident on
the dorsoplantar and lateromedial views if the radiographic
positioning and technique are adequate (Fig. 19.25). Lesions
of the distal intermediate ridge and medial malleolus of the
tibia consist of variably sized osteochondral fragments still
attached to the parent bone (Figs 19.23, 19.24).63 Lateral
trochlear ridge lesions are usually lucent areas on the distal
aspect of the ridge accompanied by overlying, variably sized
osteochondral flaps (Fig. 19.26).63 The lesions can vary in
size and depth and in some horses marked distal trochlear
ridge osteochondral fragmentation may be the predominant
radiographic finding. Horses may have radiographically inap-
parent OC lesions of the trochlear ridges causing lameness
and effusion. These may be imaged by ultrasonographic eval-
uation of the articular cartilage of the trochlear ridges of the
talus.64

Young horses used in speed events may present with a
marked lameness that appears to localize to one tarsus, with
minimal effusion of the tarsocrural joint, a radiographically
evident OC lesion of the intermediate ridge of the tibia and no
radiographic evidence of osteoarthritis of the small tarsal
joints. These horses may improve considerably but not com-
pletely after intrasynovial anesthesia of the tarsocrural joint.
They may have a stress fracture of the distal tibia or talus (see
fracture section) that communicates with the tarsocrural
joint and the OC lesion is often an incidental finding. The
marked lameness of one limb, minimal effusion and partial
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response to intrasynovial anesthesia should raise the index of
suspicion for an additional cause for the lameness. Surgical
therapy for the OC lesion will not address the source of lame-
ness, may predispose to a catastrophic failure of the affected
bone during anesthetic recovery and may lead to premature
reintroduction to high-speed work before the stress fracture
has healed. To determine the significance of the OC lesion and

if a stress fracture is present, nuclear scintigraphy and/or
high-quality radiography is recommended.
Laboratory examination No special laboratory exami-
nation is necessary. If there is a doubt as to the etiology for
the effusion, cytological evaluation of a synovial sample may
help. Horses with osteochondrosis have synovial fluid nucle-
ated cell counts of 1000–5000 cells/�L and protein levels
close to or below 2.5 g/dL indicative of a mild synovitis.65

Horses with traumatically induced synovitis or moderate to
severe osteoarthritis have synovial fluid nucleated cell counts
between 5000 and 25 000 cells/�L and protein levels of
2.5–4.0 g/dL. Severe inflammation such as occurs with
sepsis will result in synovial fluid protein levels greater 
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Fig. 19.23
Dorsolateral to
plantaromedial
radiographic view
of the tarsus with
an osteochondrosis
lesion of the distal
intermediate ridge
of the tibia.

Fig. 19.24
Dorsomedial to
plantarolateral
radiographic view
of the tarsus with
an osteochondrosis
lesion of the lateral
malleolus of the
tibia.

Fig. 19.25
Lateromedial
radiographic view of
the tarsus with an
osteochondrosis
lesion of the distal
intermediate ridge of
the tibia.

Fig. 19.26
Dorsomedial to
plantarolateral
radiographic view of
the tarsus with an
osteochondrosis
lesion of the distal
aspect of the lateral
trochlear ridge of
the talus.



than 4.0 g/dL and nucleated cell counts in excess of
30 000 cells/�L.65

Diagnostic confirmation Diagnosis is confirmed by the
radiographic appearance of the lesions. However, not all
horses with radiographically evident tarsocrural OC lesions
are clinically affected. Therefore, correlation of the radio-
graphic images with a thorough evaluation of the history,
clinical evaluation and lameness examination is necessary 
to determine the clinical significance of a radiographic
finding of tarsocrural OC in young horses. In addition, some
horses with radiographically inapparent cartilage lesions
may have effusion and synovitis and be clinically lame.
Ultrasonography of the articular cartilage of the trochlear
ridges of the hock may reveal defects not apparent on
radiographs.64

Treatment and prognosis

Therapeutic aims The aim of treatment in horses that
require therapy is to remove the involved tissue and debride
the surrounding area of all loose and unattached carti-
lage.63,66 This will remove the stimulus for synovitis and min-
imize the continued trauma to the affected area during
high-speed exercise. In horses treated conservatively with
rest or a reduction in the exercise schedule, the aim is to min-
imize disruption of the OC lesion to allow healing by comple-
tion of endochondral ossification with increasing skeletal
maturity or by fibrous attachment of the affected area to the
parent bone.67 This will increase stability of the lesion and
minimize the development and progression of synovitis. It is
difficult to predict how long it will take for conservative
therapy to work and how effectively the lesion is ossified or
anchored, as radiographic monitoring will usually reveal per-
sistence of the lesion. Return to high-speed exercise may
cause a recrudescence of the lameness, necessitating surgical
therapy or a more prolonged rest period.67

Therapy The preferred therapy for OC of the tarsocrural
joint that is causing lameness and effusion is arthroscopic
surgery to debride and remove loose osteochondral fragments
and cartilage flaps.63 Since articular cartilage lesions that are
radiographically inapparent can perpetuate synovitis, surgi-
cal exploration of the joint may be warranted in promising
athletes.

Under general anesthesia and with the horse positioned in
dorsal recumbency, lesions of the distal intermediate ridge of
the tibia are best approached using a dorsomedial arthro-
scopic portal and a dorsolateral instrument portal.68 Lesions
on the lateral trochlear ridge of the tibia can be approached
similarly with the instrument portal placed slightly more lat-
erally to improve access to the lesion.68 In horses with
marked effusion or joint capsule thickening, dorsolateral
arthroscopic and instrument portals may be necessary. For
surgery on lesions on the medial malleolus of the tibia, the
instrument and arthroscope portals are usually reversed.68

Bandaging and stall rest are continued for 2–3 weeks after
surgery. Hand-walking can be started 10–14 days after
surgery with limited turnout (paddock) initiated after 30–45
days, depending on the location of the OC and extent of artic-

ular cartilage involvement. Horses with uncomplicated distal
intermediate ridge lesions usually have a shorter convales-
cent time. Training is resumed after 90–120 days for most
tarsocrural OC. Horses with extensive articular cartilage
fibrillation or synovitis will usually benefit from an extended
(5–6 months) interruption of strenuous activity. Single-dose
intra-articular hyaluronic acid and corticosteroids may be
beneficial in decreasing synovitis and reducing the catabolic
effects of inflammation on the articular cartilage.

Conservative treatment entails rest or reduction in the
exercise schedule for a variable period of time. Younger
horses with lesions causing mild lameness and that can be
taken out of a rigorous training program may benefit from
conservative therapy. The length of the rest period is some-
what arbitrary, but will be at least 60–120 days. The disad-
vantage of this approach is that if the lameness recurs when
high-speed exercise is reinstated then surgery will be
required, thereby doubling the lay-off or time away from
competition. If performance is being adversely affected
(lameness) and the stage of the athletic career will not permit
a prolonged lay-off time, then surgery should be recom-
mended. Intra-articular anti-inflammatory medications to
control synovitis and lameness will usually result in a clinical
improvement, but repeated and frequent use of this approach
alone will likely result in a shortened athletic career. The
medications may permit pain-free high-speed exercise, but
this level of activity will likely further traumatize the lesions
causing the lameness, creating more severe synovitis and
articular cartilage damage elsewhere in the joint.

Horses with tarsometatarsal or intertarsal osteoarthritis
may benefit from intra-articular medications such as
hyaluronic acid and/or corticosteroids to improve clinical
function. Phenylbutazone (NSAID) can be used to reduce the
level of lameness during periods of heavy work. There are
regulatory issues with the use of this class of drug and in
some jurisdictions and athletic competitions its use is banned.
Prolonged use may lead to debilitating gastrointestinal or
renal side effects. There may be a therapeutic benefit from the
use of parenterally administered polysulfated glycosamino-
glycans to decrease articular cartilage degradation and syn-
ovitis and promote the production of endogenous hyaluronic
acid. These therapeutic regimens may have a limited clinical
effect, depending largely on the degree of tarsal bone involve-
ment and joint collapse present. Horses with marked OC of
the small tarsal joints that develop severe osteoarthritis may
not be able to maintain the level of soundness required to
participate in elite athletic competition.69,70 Surgical and
chemical arthrodesis of these joints may be an option and
will be discussed later in this chapter.
Prognosis The prognosis for horses with OC of the tarso-
crural joint is excellent if there is a favorable response to
either surgical or conservative treatment. Horses treated con-
servatively may be less likely to have a prolonged athletic
career, but the performance is usually comparable to unaf-
fected horses while they are actually competing.63 Horses
treated conservatively or surgically are likely to race as suc-
cessfully as unaffected horses of the same age, breed and
use.63,66,67 The size of the lesion or resolution of the effusion
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after surgery do not appear to be as reliable prognostic indi-
cators for horses that undergo arthroscopic surgery for OC of
the distal intermediate ridge or medial malleolus of the tibia
or the lateral trochlear ridge of the talus. Horses that have
erosive articular cartilage lesions at the time of surgery have
a guarded prognosis for athletic soundness.

Horses with severe osteoarthritis of the intertarsal or tar-
sometatarsal joints secondary to OC of these joints have a
guarded prognosis for elite athletic use.

Prevention

Osteochondrosis is a multifactorial disease so complete pre-
vention is unlikely. Feeding diets with balanced mineral
(copper, zinc, calcium and phosphorus) levels and not over-
feeding grain (excess phosphorus) are recommended.
Delaying rigorous training until horses have reached skeletal
maturity may reduce the incidence of traumatically induced
subchondral bone damage and the development of defects
during endochondral ossification. Genetic selection away
from breeding lines predisposed to OC is controversial
because superior racing stock in some breeds may have a
genetic predisposition for the disease. In cases of tarsocrural
OC, the prognosis for racing performance with treatment is
good, making removal of these animals from the breeding
pool unrealistic in light of the fact that the disease is 
multifactorial.

Etiology and pathophysiology

Osteochondrosis is a developmental disease characterized by
disorders of the growing cartilage in the epiphysis and growth
plates. This complex biologic mechanism is termed endochon-
dral ossification and it allows for longitudinal bone growth and
provides subchondral bone support for all joint surfaces. When
this developmental disorder affects the integrity of the articular
cartilage due to loss of joint surface support, it will cause joint
inflammation (osteochondritis). Other manifestations of this
disorder of cartilage development include angular limb defor-
mities, physitis, cervical vertebral malformations and SC. The
disease is multifactorial with genetic, nutritional (copper
deficiency or zinc excess, calcium and phosphorus imbalance
from feeding excess grain), metabolic (vitamin D deficiency) and
endocrine (hypothyroidism) influences.28–31 The predictable
locations of many osteochondral articular lesions in the horse
are sites where the developing articular cartilage or growth
plates are thick, the vascular supply is tenuous but the biome-
chanical loads are high.28–31 Therefore, vascular and traumatic
insults in these locations are probably very important in the
expression of this disease in horses.21,29–31 The ultimate expres-
sion of the disease is unpredictable but controlling some of these
factors may help reduce the incidence of the disease in a partic-
ular area or farm.

Epidemiology

Tarsocrural osteochondrosis is widely distributed and is
reported to occur in Standardbreds, Warmbloods,

Thoroughbreds, Quarter Horses and draft breeds, among
others, with Standardbreds being over-represented. The inci-
dence of the disease may vary from one farm to another and
between geographical areas, highlighting the multifactorial
nature of the disease. Exercise in these breeds at a young age
in conjunction with genetic or nutritional predispositions
may account for its expression.

Collateral ligament injuries and tarsal
luxations

● Collateral ligament (CoL) injuries of the tarsocrural joint
can be treated successfully and affected horses returned to
athletic use.

● Radiography, nuclear scintigraphy and ultrasonography
may all be necessary to accurately diagnose these injuries.

● Tarsal luxations can occur at the tarsocrural, intertarsal
or tarsometatarsal joints.

● Horses with tarsal luxations can be salvaged and restored
to light use if they are treated early and aggressively.

Recognition

History and presenting complaint Horses with tarsal
luxations will usually present with an acute onset of severe
lameness and swelling of the tarsus. There may be a wound
associated with the tarsal luxation or it may be a closed
injury. There may be a history of a traumatic event such as a
kick from another horse, a fall or an accident (collision or fall)
while engaged in an athletic competition.

Horses with CoL desmitis will present with a history of
rear limb lameness of variable duration and severity depend-
ing on the inciting cause and degree of ligament involve-
ment. There may be historical information (fall, kick or slip
during competition) that may provide useful details as to the
probable etiology. There may have been an initial response to
treatment (reduction in lameness with rest and/or medica-
tion) only to have a residual component that may be static or
progressively deteriorating with prolonged exercise.
Standardbred pacers will present with a rear limb lameness of
variable severity and increased tarsocrural joint effusion.
Physical examination Horses with tarsocrural luxations
will have marked periarticular swelling, crepitus and an
obvious angular (valgus or varus) and rotational deformity of
the tarsus at presentation.71–74 Once the distal tibia luxates
off the trochlear ridges of the talus, it will remain in this posi-
tion until it is surgically reduced even if the collateral liga-
ments are severely damaged or stretched.73 Open tarsal
luxations usually involve the synovial cavity of the affected
joint and the articular cartilage can often be visualized
through the wound. Damage to the flexor or extensor tendons
and major vasculature supply may also accompany these
injuries. The limb should be carefully evaluated for concomi-
tant structure involvement before proceeding with attempts
at reduction and stabilization as the prognosis worsens with
extensive soft tissue damage. Horses with intertarsal or 
tarsometatarsal luxations may also present with an open
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wound, which makes the diagnosis straightforward. Since
these joints are flat, horses with closed luxations do not have
an obvious angular deformity because the luxation usually
propagates from the cranial edge of the joint in a plantar
direction.71,74

These horses are usually toe touching the limb to the
ground and the injury may not be readily apparent except for
the obvious swelling around the tarsus. As the limb is manip-
ulated or the horse moves the limb spontaneously, the cranial
to caudal instability is easily appreciated. The calcaneus,
reciprocal apparatus and suspensory ligament on the plantar
surface of the limb limit these luxations to a cranial caudal
plane. As the soft tissue swelling increases within hours of
the injury, it will stabilize some of the laxity and the swinging
movement may not be as appreciable. A high index of suspi-
cion for a tarsal luxation is warranted for any horse with a
sudden onset of severe lameness and swelling of the tarsus
without a wound, especially if there are few or subtle bony
changes radiographically to explain the degree of lameness.

Athletes with tarsal CoL injuries will present with a rear
limb lameness of variable severity that worsens with exercise
and can usually be markedly exacerbated by upper limb
flexion.75–77 There may be palpable swelling, thickening and
pain of the soft tissues surrounding the affected structure.
Effusion of the tarsocrural joint or tarsal sheath may be
obvious. Tarsocrural joint effusion has been reported as a con-
sistent finding in Standardbred pacers with long CoL injuries.76

Special examination Radiographs should be obtained on
all horses presenting with an acute onset of severe tarsal
swelling, even if a tarsal luxation is obvious.72,73 Significant
concomitant fractures of the tarsus will complicate treat-
ment and markedly reduce the prognosis. In cases of tarso-
crural luxations, the radiographic appearance is typical with
the trochlear ridges of the talus no longer articulating with
the distal tibia.72,73 The luxation may be in a medial, lateral or
dorsal direction. The calcaneus, SDF and CT may limit the
development of plantar luxations.

Tarsal radiographs of horses with intertarsal or tarso-
metatarsal luxations may reveal a widened joint space
dorsally at the affected site during the acute phase 
(Fig. 19.27).71,74 If the radiographs are taken with the foot on
the ground or the soft tissue swelling has stabilized the joint
(luxation is reduced), the radiographic diagnosis may not be
obvious. Therefore, a stressed lateromedial radiographic view
is recommended to identify this injury. The foot is lifted
slightly off the ground by an assistant and pulled in a plantar
direction to ‘open’ the affected articulation dorsally and
obtain an adequate image of the luxation (Fig. 19.27). The
patient will often resent this manipulation, necessitating ade-
quate restraint (sedation and/or lip chain).

Ultrasonography of the CoLs is usually not performed in
cases of tarsal luxation due to the swelling present and the
fact that significant disruption or stretching of the major sup-
porting soft tissues of the hock occurs with these injuries.

In horses with desmitis of the CoL tarsal radiographs may
reveal enthesiophytes at the attachments of the CoL to the
parent bone (see previous section).75–77 There may be dys-
trophic mineralization of the tissue evident in chronic cases

and degenerative joint disease or collapse of the joint space(s)
if there is long-standing instability present due to the CoL
injury. Ultrasonography of the CoLs of the hock in horses is
possible and disruptions of the long components of the
medial or lateral CoL are more readily imaged.78 The more
superficial areas of the short portions of the CoLs and long
plantar ligament can be adequately imaged.78 Ultrasono-
graphically there will be disruption of the fiber pattern,
hypoechoic fluid accumulation within the ligament or hyper-
echoic deposition of fibrous or mineralized soft tissue,
depending on the stage and extent of the injury. Pronounced
periarticular soft tissue swelling may interfere with ultra-
sonographic imaging of these structures.

Perineural analgesia of the peroneal and tibial nerve
should improve most lameness associated with CoL injuries of
the tarsus. Nuclear scintigraphy in horses with tarsal CoL
injuries will reveal a pattern of increased radioisotope uptake
at the attachment of the CoL to the bone (Fig. 19.28).76 The
pattern of uptake and its location will help identify the struc-
ture involved (long versus short CoL) and the degree of
involvement (single versus multiple areas).76 Scintigraphy is
especially useful in horses with a subtle lameness localized to
the hock where radiographic studies are inconclusive.
Magnetic resonance imaging would be ideally suited for the
diagnosis of CoL injuries of the tarsus in horses.79

Laboratory examination If there is effusion of the tar-
socrural joint or tarsal sheath and the radiographic diagnosis
is equivocal, arthrocentesis of the affected synovial compart-
ment and cytological analysis of the fluid should confirm the
traumatic etiology of the effusion.
Necropsy examination At necropsy, there will be disrup-
tion of the soft tissue covering of the tarsus in open luxations
with exposure of the articular surface and a variable amount
of damage to the articular cartilage. There is usually
significant disruption of all the supporting soft tissue struc-
tures of the hock with these injuries. There may also be
significant bony injuries present.

In horses with closed luxations, there will be subcuta-
neous hemorrhage and edema associated with the injury and
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Fig. 19.27
Stress lateromedial
radiograph of the tarsus
of a horse with a
luxation of the
intertarsal joint,
demonstrating widening
of the joint space.



disruption of the supporting structures of the tarsal joints
(CoLs, fibrous joint capsule). There may be associated bony
injuries ranging from small avulsion fractures at the attach-
ments of the CoLs to significant fractures of the talus, calca-
neus, tarsal bones or distal tibia.

Horses with desmitis of the CoLs will have variable degrees
of fiber disruption or thickening and fibrous proliferation or
mineralization of the affected structure(s), depending on the
duration of the condition.

Treatment and prognosis

Therapeutic aims The therapeutic aim for horses with
any type of tarsal luxation is to reduce the luxation and
immobilize the tarsus.71–74 Major bony injuries are addressed
at this time and internal fixation performed when indicated.
An adequate period of coaptation and rest must be provided
to allow all soft tissue and bony injuries to heal adequately.
Most tarsometatarsal or intertarsal luxations treated success-
fully will result in arthrodesis of these joints. Physical therapy
after prolonged coaptation will be important to regain as
much as possible of the articular range of motion and sup-
porting soft tissue structure elasticity that is lost due to
fibrosis and disuse.
Therapy Horses with open luxations and significant frac-
tures should be carefully evaluated before pursuing treat-
ment. Devitalized soft tissues and septic synovial structures
will complicate treatment, increase expense of therapy and
worsen the prognosis. In addition, these injuries are difficult
to manage effectively when external coaptation is used. 
Due to the poor prognosis for horses with complicated,
exposed and infected tarsal luxations, euthanasia may be
considered.

Horses with tarsocrural or tarsometatarsal luxations are
reduced with the patient anesthetized. Tarsocrural luxations
are difficult to reduce and an adequate plane of anesthesia to
create muscle relaxation, limb distraction and patience are

often required to achieve reduction. The marked disruption of
the supporting structures (CoLs, fibrous joint capsule and
fascial sheaths) makes reduction difficult and if accom-
plished, maintenance of the reduction is unlikely. Intertarsal
and tarsometatarsal luxations are usually easy to reduce but
maintaining reduction while placing the limb in a cast may
be more challenging.

Once reduced, the tarsus should be radiographed to insure
that proper alignment was achieved before applying a full-
limb fiberglass cast from the foot to the proximal aspect of the
tibia (Fig. 19.29). Adequate padding is necessary to minimize
the development of cast sores. Particular areas that need ade-
quate protection are the cranial tibial tuberosity, calcaneus
and the proximal sesamoids. Excessive padding will compress
during ambulation, eventually leading to cast loosening and
the development of pressure sores. The limb should be cast
with the hock angle near maximal extension appropriate for
weight bearing (Fig. 19.29). Care must be taken during cast
application to limit moving the tarsus and either losing the
reduction on the luxation or creating an unwanted degree of
tarsal flexion that will make it difficult for the horse to ambu-
late in the cast because it will make the affected leg ‘shorter’
than the contralateral limb. Placement of a frog support on
the opposite hindlimb while the horse is anesthetized may
help prevent contralateral limb laminitis during the convales-
cent period. Incorporating a walking bar (aluminum rod)
into the cast may be necessary for larger horses to increase
the strength of the construct. Smaller patients (ponies and
miniature horses) may require only a full-limb Robert-Jones
bandage with splints or bars cranially and caudally to achieve
effective immobilization. In cases of tarsometatarsal or inter-
tarsal luxation, placement of orthopedic implants to secure
the reduced luxation or stabilize large fragments has been
described. Implants include lag screw fixation, arthrodesis of
the distal tarsal or tarsometatarsal joint(s) with a plate(s) or
lag screws. The technique used will vary and depends on the
extent and location of the bony injury.

Horses with full-limb casts must be assisted to stand after
anesthesia and careful monitoring during the perioperative
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Fig. 19.28
Nuclear scan of
the tarsus in a
horse revealing
increased isotope
uptake at the
attachment of the
collateral ligament
on the talus.

Fig. 19.29
The horse in Fig. 19.27 after coaptation in a full-limb cast.



period is required. Some horses adapt very quickly to this
form of coaptation, but some will panic and become unco-
operative. It will be difficult or impossible for horses to rise if
they lie down with the cast limb down. In horses with closed
luxations that may have difficulty accepting the cast, placing
them in a full-limb bandage overnight and delaying the
reduction may be of benefit to allow them to accept the
immobilization. Cast sores are a problem with full-limb casts
of the rear limb. They should be monitored for exudate, heat
or reluctance to bear weight. Any of these is a signal for
immediate replacement. These casts will loosen significantly
after 10–14 days as the swelling subsides and muscle atrophy
ensues, so they need to be changed at that time. Stall rest and
casting should be maintained for 4–6 weeks and then a
Robert-Jones bandage used for another 4–6 weeks. Hand-
walking can be initiated after 90 days and turnout in a
paddock after 6 months. Swimming may help restore range of
motion and elasticity of the soft tissues and improve tar-
socrural joint function. Arthrodesis of the intertarsal or tar-
sometatarsal joints will usually occur during convalescence
from these luxations. Light exercise on flat ground may
resume after 9–12 months if the horses are relatively sound
and radiographic evaluation reveals minimal degenerative
changes in the tarsocrural joint or adequate arthrodesis of
the intertarsal or tarsometatarsal spaces.

Horses with desmitis of the CoL need to be rested to allow
the collagen in the ligament to be replaced and to organize
along the lines of stress.75,76 Rest should entail stall rest for
the first 14–21 days after the injury, with a gradual resump-
tion of hand-walking only (5–10 minutes twice a day) after
that time. Systemic NSAID therapy, cold compresses or
hydrotherapy and leg wraps are helpful in eliminating soft
tissue swelling and restoring adequate circulation to the
injured area. Continued activity with further ligament dis-
ruption will generate a pronounced fibrovascular response
that will eventually fibrose in a very disorganized manner,
resulting in an architecturally weakened structure with little
elasticity and poor function. This will interfere with joint
movement and create a persistent mechanical or painful dis-
ruption of the gait.76 These horses should be monitored
ultrasonographically and with nuclear scintigraphy during
their convalescence to evaluate ligament healing. When a
significant reduction in the size of the original injury coupled
with an increased tissue organization has occurred, then a
gradual increase in activity is warranted to restore full 
function. This usually requires 3–6 months of rest. Swim-
ming these patients may be beneficial before starting flat
work to increase the strength of the tissues without loading
them.
Prognosis The prognosis for horses with tarsocrural luxa-
tions of any kind is guarded to poor for athletic perform-
ance and life. Open luxations or those associated with
significant fractures have a very poor prognosis for life or ath-
letic use. Horses with closed tarsometatarsal or intertarsal
luxations without significant fractures of the small tarsal
bones may be able to return successfully to rigorous athletic
competition or participate in disciplines not requiring fre-
quent stops and turns or collected work (flat racing, trail

riding, fox hunting). If a significant amount of soft tissue
disruption occurred on the dorsal surface of the hock, the
ensuing fibrosis may limit joint motion and prevent a full
recovery.

Patients with CoL injuries can return to full athletic use if
these injuries are diagnosed early, treated aggressively and
rehabilitated properly. Standardbred pacers have a good prog-
nosis for racing as well or better after diagnosis (scintigraphy)
and treatment (rest) of long CoL injuries.76 However, horses
with extensive disruption that involves most of the cross or
longitudinal section of the ligament(s) will usually not be
able to return to rigorous athletic use, especially if mineral-
ization or osteophyte production eventually interferes with
joint function.76

Prevention

Prevention of these injuries is difficult since they are trau-
matic in nature. Paying attention to footing and terrain con-
ditions (ice or mud) during strenuous athletic activity may
help avoid situations (fall or collision) that may precipitate
these injuries. Separating horses likely to fight will reduce the
likelihood of kicking injuries. Close attention to tack,
shoeing, conditioning and schooling, and matching the
difficulty of the athletic competition to the abilities of the
horse and rider will all increase the safety of athletic com-
petition.

Preventing lateral CoL desmitis in Standardbred pacers
may require not using shoes with lateral trailers that may
exacerbate the strain placed on the lateral side of the tarsus
when pacing at high speeds. Treating any front limb lame-
ness that may be forcing the horse to shift more weight on the
rear limbs to get off the front leg(s) and maintaining a rea-
sonable work/training schedule in light of the athlete’s age
and level of conditioning may help reduce the frequency of
these injuries.

Etiology and pathophysiology

Tarsal luxations and CoL injuries occur in horses after a
forceful blow to the tarsus (kick or collision), hyperextension
of the hock during a fall or rotation of the tibia while the
distal limb is immobilized or rotating in the opposite direction
during a sudden or explosive change in direction.

Tarsal CoL injuries in athletes can be caused by the accu-
mulation of microtrauma in these structures during training
or competition at high speeds, particularly breeds
(Standardbreds) that place maximum stress on their hocks
during high-speed racing in a collected gait (pacing).

Epidemiology

Tarsal luxations and CoL injuries can occur in any age, breed
and use of horse. It does not appear that horses involved in
any specific type of strenuous athletic activity are predisposed
to tarsal luxations. However, long or short lateral CoL injuries
of the tarsus may be more common in Standardbred horses,
especially pacers.76
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Tarsal fractures or osteitis of the 
calcaneus or talus

● Fractures of the lateral tibial malleolus are seen frequently
in horses and are much more common than medial frac-
tures.

● Lateral tibial malleolar fractures will usually involve some
part of the attachment or body of the lateral CoL.

● Distal tibial stress fractures can occur in young
Thoroughbred and Standardbred race horses.

● Traumatic soft tissue defects or wounds often accompany
fragmentation of the talus and calcaneus in horses.

● Proximoplantar to distoplantar (skyline) and flexed lateral
radiographic views are often necessary to adequately visu-
alize these fractures.

● Slab fractures of the central or third tarsal bone occur fre-
quently in young horses during high-speed training or
racing.

● Stress fractures of the talus have been documented as a
cause of lameness in Standardbred race horses.

● Fractures of the fused first and second or the fourth tarsal
bone are rare.

Horses can sustain fractures of the distal tibia or tarsus that
can be comminuted, displaced or open. These types of
injuries are straightforward to diagnose but challenging and
often unrewarding to treat. They will not be discussed in this
section. Only the types of tarsus fractures seen more fre-
quently in athletes and that are amenable to treatment or can
be diagnostically challenging will be discussed.

Recognition

History and presenting complaint Depending on the
inciting cause, location and size of the fracture, there will be
a sudden onset of a moderate to severe lameness following a
traumatic episode (fall, kick or collision) or high-speed exer-
cise. The location and size of the fracture will determine the
degree and location of any observed synovial effusion or peri-
articular swelling. Horses with the more common non-
displaced fractures of the tarsus will usually exhibit a
significant improvement in the degree of lameness at a 
walk or slow jog within a few days of the injury. Horses
treated with NSAIDs may show an even more dram-
atic improvement while on the medication. Some horses 
with effusion of the tarsal sheath or calcaneal bursa 
may have a draining tract associated with the synovial
structure.
Physical examination Horses with fractures of the malle-
olus, talus or calcaneus will often present with a moderate to
severe lameness depending on the size of the fragment(s),
duration of the condition and degree of synovial effusion of
the tarsocrural joint, tarsal sheath or calcaneal bursa. The
lameness is characterized by decreased hock flexion (reduced
arc during the swing phase), shortened stance phase (weight
bearing) and a gluteal rise on the affected side. The lameness
is always exacerbated by manipulation and flexion of the
upper limb.

There is usually some degree of soft tissue swelling, pain
and crepitus localized over the area of the fracture. Horses
with slab fractures of the central or third tarsal bone are
usually very lame immediately after the injury, but improve
considerably after a few days.80,81 There is minimal swelling,
crepitus or effusion associated with third tarsal bone frac-
tures at presentation, but there may be effusion of the tar-
socrural joint in horses with central tarsal bone fractures.81

A painful response can often be elicited by deep palpation over
the cranial or lateral surface of the affected joint.81

Horses with fractures of the calcaneus or talus will usually
present with effusion of the tarsal sheath and/or calcaneal
bursa. There may be a wound near the calcaneus that can
discharge clear synovial fluid or purulent material. The
degree of lameness is variable depending on the location of
the injury. Horses with osteomyelitis of the calcaneus, sus-
tentaculum tali and/or sepsis of the tarsal sheath are usually
very lame.82,83

Horses with stress fractures of the talus will usually
present with a mild to moderate but persistent lameness of
variable duration that worsens with high-speed exercise
(pacing or trotting). Tibiotarsal joint effusion is usually
present but not dramatic. Upper limb flexion will exacer-
bate the lameness and analgesia of the joint will relieve it
considerably.
Special examination Intrasynovial or intra-articular
anesthesia or tibial and peroneal nerve analgesia should
provide considerable improvement in affected horses with
most types of non-displaced tarsal fractures. This must be
done with caution, because the fracture could become dis-
placed or comminuted while the horse is exercised after the
block. Any equine athlete that presents for a lameness evalu-
ation with a history of an acute onset of a severe lameness
after work, with or without synovial effusion and having no
obvious soft tissue swelling or crepitus on the limb, should be
assumed to have a stress or non-displaced fracture that could
be aggravated by an extended lameness examination.
Radiographic imaging of suspect or frequently involved areas
and nuclear scintigraphy (after 3–5 days) may be preferable
to avoid further damage to an injured osseous structure(s),
which could mean a treatable condition becoming the end of
an athletic career.

Lateral malleolus fractures are readily seen on the dorso-
plantar and dorsomedial to plantarolateral oblique radi-
ographic views of the tarsus (Figs 19.30, 19.31).84 The
fragments are variably sized and the degree of surrounding
osseous reaction is an indicator of duration.84

Most slab fractures of the third or central tarsal bone are
located in a frontal plane or on the craniolateral edge of the
bone. Therefore, they are best imaged on the lateromedial or
dorsomedial to plantarolateral oblique radiographic
views.80,81 Most are non-displaced and there is minimal
dorsal or medial distraction of the slab. They can be 4–8 mm
thick and variably wide.81

Fragmentation of the calcaneus or sustentaculum tali can
be difficult to image on conventional radiographic views if
they are small and located on the dorsal, distal or axial
surface of the bone. Those on the proximal, caudal and
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lateral surfaces are easier to identify on conventional views. If
axial or distal fragmentation of the calcaneus is suspected or
there is distension of the tarsal sheath associated with a
wound, a skyline (dorsoplantar to distoplantar) view of the
plantar aspect of the tarsus should be obtained (Fig. 19.32).
Radiographically there may be marked lysis of the calcaneus
or sustentaculum tali associated with bony fragments in
horses with osteomyelitis and/or sequestrum formation 
(Figs 19.33, 19.34). In horses with effusion of the tarsal
sheath accompanied by bony proliferation of the sustentacu-
lum tali, contrast radiography of the tarsal sheath can help
differentiate between effusion caused by the exostosis and the

passive effusion associated with thoroughpin.85,86 The tech-
nique requires aseptic injection of 5–8 mL of a positive con-
trast agent followed by air (40–45 mL). Horses with passive
effusion of the tarsal sheath generally have a smooth outline
of the tarsal sheath and associated soft tissue structures
evident without the filling defects or soft tissue masses seen
with adhesions of the tendon or tarsal sheath frequently
identified in horses with chronic tenosynovitis secondary to
bony involvement of the sustentaculum tali.

Transverse fractures of the calcaneus are readily apparent
on the lateromedial and oblique radiographic projections.
These fractures are rare and will have a similar presentation
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Figs 19.30, 19.31
Dorsoplantar and dorsolateral to
plantaromedial radiographs of the tarsus in a
horse with a fracture of the lateral
malleolus.

Fig. 19.32
Skyline
(dorsoplantar to
distoplantar) view
of the calcaneus.

Fig. 19.33
Radiographs of the
tarsus of a horse
with a sequestrum
of the calcaneus
associated with a
draining tract on
the caudal aspect of
the tarsus.



to a horse with disruption of the reciprocal apparatus
(dropped hock and hyperflexion of the limb during attempts
at weight bearing).

Osseous disruption of the talus can usually be seen on the
conventional views of the tarsus. Large fractures are readily
apparent but distomedial fragments may be visible only on a
skyline view of the plantar tarsus and there will be bony lysis
when a septic process accompanies the injury within the
tarsal sheath. Fractures affecting the trochlear ridges of the
talus may be small and located distally on the ridge(s) or
groove or they can involve a large portion of the articular
surface with marked joint instability, pain and effusion.

Standardbred horses with remodeling or stress fracture of
the talus will often have a sclerotic area in the center of the
talus, best projected on the weight-bearing lateromedial or
flexed lateromedial view of the tarsus (Figs 19.35, 19.36).
The degree of sclerosis will depend on the duration and sever-
ity of the injury. Nuclear scintigraphy will reveal a very
intense but focal area of radioisotope uptake in the talus on
the lateromedial, flexed lateromedial and plantar views of the
tarsus (Figs 19.37, 19.38). Arthroscopic evaluation of the
plantar aspect of the tarsocrural joint will often reveal mild
proliferative synovitis, roughening of the distal plantar
surface of the tibia and/or mild fibrillation or wear lines in the
articular cartilage of the plantar surface of the trochlear
ridges or groove of the talus.

More complex fractures of the talus or fractures of the
fused first and second or fourth tarsal bone can be readily
imaged on routine radiographic projections. Flexed latero-
medial views will allow the calcaneus and sustentaculum tali
to rotate distally, permitting better visualization of the 
proximoplantar aspect of the talus (Fig. 19.36).
Laboratory examination Cytologic evaluation of syn-
ovial effusions associated with tarsal fragmentation may 
help determine if there is a developmental (nucleated cell
count (NCC) less than 5000 cells/�L and protein levels 

(PL) less than 2.5 g/dL), traumatic (NCC of 5000 to 
25 000 cells/�L and PL less than 4.0 g/dL) or septic (NCC
greater than 30 000 cells/�L and PL greater than 4.0 g/dL)
etiology.65

Necropsy examination At necropsy there will be variable
amounts of soft tissue and bony disruption, hemorrhage and
instability, depending on the involved structures and dura-
tion. In chronic cases with significant soft tissue or bony
involvement, there may be evidence of fibrosis of the soft
tissues, articular cartilage degeneration and proliferative or
lytic bone depending on the etiology.
Diagnostic confirmation The diagnosis is confirmed by
the specific clinical and radiographic appearance of each
condition. In horses with remodeling or stress fractures of the
talus, the scintigraphic appearance will confirm the diagno-
sis. Synovial fluid analysis may help determine a definitive
diagnosis in horses with tarsal disease that have synovial
effusion with equivocal radiographic or clinical findings (see
Laboratory examination).

Lateral tibial malleolus and distal trochlear ridge of the talus
fractures must be differentiated from OC lesions of the distal
tibia or the talus, respectively. Unlike OC, fractures have an acute
onset of lameness with effusion and swelling of the tarsus. In
addition, there is usually a history of a traumatic episode or
onset of lameness after exercise.84 Ultrasonographic examina-
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Fig. 19.34
Lytic area on the
calcaneus of a
horse associated
with distension of
the tarsal sheath
and marked
lameness.

Figs 19.35, 19.36
Lateromedial and
flexed lateromedial
radiographs of the
tarsus in a
Standardbred race
horse with stress
remodeling of the
talus evidenced by
subchondral
sclerosis of the
talus.



tion of the long lateral CoL of the tarsus may reveal disruption
of the architecture of the ligament, which would be rare in a
horse with OC.78 Fragmentation of the distal aspect of the
trochlear ridges of the talus may have a similar radiographic
appearance to OC of the talus, but with the fractures there is
usually more bony disruption, effusion and lameness.

Treatment and prognosis

Therapeutic aims The therapeutic goal is to stabilize
unstable structures, remove loose or devitalized bone or soft
tissues, rid tissues of any infectious organisms and provide
adequate rest and support to allow adequate healing. Serial
monitoring with radiographs or nuclear scintigraphy may be
required to critically evaluate the rate and quality of the
repair process.

Therapy Slab fractures of the third or central tarsal bone
in race horses can be repaired with lag screw internal fixation
when return to racing is contemplated.81,87 Displaced central
or third tarsal bone fractures are uncommon, but when they
occur and future athletic performance is expected, these frac-
tures should be stabilized surgically. Horses that are treated
conservatively (stall rest) may develop osteoarthritis of the
affected joint that will adversely affect athletic soundness or
return to racing.80,87 Any residual instability and joint incon-
gruency present will make natural arthrodesis slow and
unlikely to provide long-term relief.80

Conservative treatment (stall rest) of third tarsal bone slab
fractures in race horses appears to have a better prognosis
(77%) than in those with central tarsal bone fractures treated
similarly (29%).88 A total of 64% of race horses with central
or third tarsal bone fractures treated conservatively returned
to their previous level of activity, but a significantly higher
proportion (71%) of these were Standardbred or Quarter
Horse race horses when compared to Thoroughbred horses
with the same injuries.88 Internal fixation may be more
important in Thoroughbred race horses when return to
racing is contemplated.

The surgical technique requires general anesthesia and
radiographic or fluoroscopic guidance for proper drill and
screw placement.81 These fractures can usually be repaired
with a single 3.5 or 4.5 mm cortical screw or a cannulated
screw system. The head of the cortical screw is usually not
countersunk to reduce the probability of the fragment shat-
tering when the implant is tightened. An incision over the
affected joint to identify the center of the fragment and prox-
imal and distal margins of the joint for proper screw place-
ment will expedite surgery. It should minimize the risk of
damage to the dorsal tarsal vessels that can occur when the
surgery is done with needle guidance through stab incisions.
The horses are assisted for the recovery and confined to a stall
for 4–6 weeks. Gradual introduction to hand-walking can
begin at that time and return to training can occur 4–8
months after repair. Radiographic evaluation may be the best
guide for increasing activity levels.

Lateral malleolus fractures should be treated surgically,
especially in horses with synovial effusion and lameness.84

Arthroscopic visualization will allow a thorough evaluation
of the entire joint to assess the articular surface for damage,
look for and remove any loose osteochondral fragments,
inspect the fractured malleolus and flush proteinaceous and
tissue debris out of the joint. The fracture fragment(s) can be
removed arthroscopically, but it may be difficult to dissect the
pieces from under the long lateral CoL and will often require
a dorsal and caudal approach. Alternatively, the fragment
can be removed quickly and effectively through a dorsal
arthrotomy centered over the fragment.84 Careful dissection
will prevent further damage to the long lateral CoL. If the
fragment is large enough, where a considerable portion of the
attachment of the long lateral CoL is involved, reduction and
fixation with a lag screw (4.5 or 5.5 mm cortical screw) will
be necessary. Removing these large fragments will cause
further damage to the CoL and would perpetuate tarsocrural
instability. An adequately centered and securely closed dorsal
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Figs 19.37, 19.38
Lateromedial and
flexed lateromedial
nuclear scans of
the tarsus of a
Standardbred race
horse with stress
remodeling of the
talus.



arthrotomy of the tarsocrural joint will have little impact on
the future athletic performance of horses.84 Assisted recovery
should be used with these horses to limit further damage to
the CoL and avoid tarsal luxation. Postoperatively, the limb is
kept bandaged for 2–4 weeks to control swelling and reduce
the effusion. In some horses, a residual amount of effusion
will remain that appears to be inconsequential to future per-
formance. Hand-walking can be initiated at 2–3 weeks after
surgery and turnout in 4–6 weeks. Training can resume in
90–120 days depending on the resolution of the majority of
the effusion and lameness and the degree of pre-existing
damage to the long lateral CoL. If a lag screw fixation was
performed, 6–8 months of rest will be required before resum-
ing exercise to insure healing of the malleolus and CoL.
Radiographs can be used to assess bony healing.

Fractures of the calcaneus can be treated conservatively or
surgically. Fragmentation of the calcaneus or sustentaculum
tali is usually accompanied by a soft tissue defect over the
lesion and/or marked effusion of the tarsal sheath.
Secondary sepsis of the tissue will be manifested as
osteomyelitis of the calcaneus and/or sepsis of the tarsal
sheath or calcaneal bursa, depending on the location of the
wound or bony lesion.89,90 These cases should be treated
aggressively by surgical debridement, antibiotic regional limb
perfusion, drain(s), lavage and systemically and/or locally
administered specific antibiotic regimen or combination
based on culture and sensitivity results of deep tissue (syn-
ovial or osseous tissue) gathered at surgery. Removal of devi-
talized and infected tissue is necessary to speed recovery and
minimize the development of deep-seated synovial or osseous
infections that will promote periarticular and synovial sheath
adhesions that will adversely affect athletic performance.83,90

Releasing the tarsal retinaculum of the tarsal sheath and
transecting adhesions between the DDF and the sheath may
reduce swelling and improve mobility.82 A midtarsal teno-
tomy of the DDF will decrease motion of the tendon within
the sheath, reducing pain and mechanical disruption of
healing tissue.82 This is considered a salvage procedure and
athletic performance after its use is unlikely.

Endoscopic approaches to the tarsal sheath and calcaneal
bursa have been described and can be used to effectively
debride infected tissue and remove osseous fragmentation
within these synovial structures to minimize dissection.91,92

Endoscopic approaches may limit postoperative adhesion for-
mation and restrictive scar tissue deposition.

After complete transverse fractures of the calcaneus, the
attachment of the gastrocnemius tendon will displace 
the proximal fragment with luxation of the SDF, disabling 
the reciprocal apparatus of the hindlimb. These horses must
be treated surgically with a tension band repair on the caudal
aspect of the calcaneus to counteract the distractive forces 
of the pull of the gastrocnemius on the calcaneus. Plates,
screws and/or wires can all be used depending on the size and
location of the fragments. If the SDF is luxated, it is repaired
simultaneously.93,94 The repair is protected with a full-limb
cast during recovery and the first 2–4 weeks following
surgery, and full-limb bandages to limit hock flexion used for
another 4–6 weeks. Casting alone is insufficient to neutralize

the pull of the gastrocnemius and SDF. Radiographic moni-
toring for healing is recommended. Due to the extensive soft
tissue attachments to the calcaneus, implant removal may be
necessary as soon as bony healing occurs to limit fibrosis and
interference with normal function. Even with uncomplicated
healing, the ensuing fibrous scar tissue from the trauma and
surgical exposure will often limit joint mobility, thereby
adversely affecting future athletic performance.

Fractures of the talus may be confined to the dorsal or
plantar articular surfaces of the trochlear ridges. These frag-
ments are best removed arthroscopically or via an arthro-
tomy, depending on size and location. Stress fracture or
remodeling of the talus as seen in pacing or trotting race
horses will respond to rest. Return to training recommenda-
tions are based on repeat scintigraphic evaluations with res-
olution of the inflammatory focus. Non-displaced fractures of
the talus can be repaired with lag screw fixation if the articu-
lar surface is minimally disrupted and there are pieces large
enough where one or two cortical screws will adequately
reduce and secure the fracture. The size of the implants and
surgical approach are dictated by the location and configura-
tion of the fracture. Comminuted fractures with complete col-
lapse of the tarsocrural joint are not amenable to repair and
these patients should be humanely destroyed. Casting may be
necessary during recovery and the immediate postoperative
period, but if the repair is well secured then assisted recovery
should suffice. Removal of the implants is usually not neces-
sary, but the return to athletic use will be influenced by the
degree of articular involvement or damage to soft tissue
structures such as the collateral or plantar ligaments.
Sufficient bone, articular cartilage and soft tissue healing to
allow return to work may require 4–8 months. Limited activ-
ity (hand-walking or turnout) can begin after 4–6 weeks of
stall rest.

Fractures of the fused first and second or fourth tarsal
bone are rare. Choice of therapy (conservative or surgical)
will depend on the size of the fragment, location and articu-
lar involvement. Fractures or fragments that are minimally
displaced will usually heal without surgical intervention.
These tarsal bones are not subjected to the compressive forces
that the third and central tarsal bones experience and con-
servative therapy may be sufficient for adequate healing. This
approach may not be suitable for performance horses
because a fibrous union with articular or periarticular degen-
erative changes could result in residual lameness during
high-speed or rigorous exercise. Larger fragments may have
to be removed or secured with lag screws. If the fracture 
is unstable or the articulation of the bone with the splint
bone, central tarsal bone or talus is compromised, then 
an attempt at surgical repair is justified. Approach and choice
of implant is determined by the size and location of the frag-
ment(s). Convalescence and return to work are as described
before.

Rehabilitation of the soft tissues as soon as possible 
after surgery will restore range of motion to the joint and
decrease the morbidity associated with disuse and fibrosis.
This may be as important as surgical therapies in bringing
these athletes back to work. Range of motion exercises 
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with the joint and swimming may be useful adjuncts 
to exercise regimens to rehabilitate periarticular soft 
tissues.
Prognosis Establishing a prognosis for these tarsal frac-
tures is challenging. In order to have a realistic expectation
for return to athletic performance, a thorough assessment of
the ligamentous, synovial cavity, articular and bony involve-
ment is important. Horses with extensive damage to the CoL,
SDF, fibrous joint capsule or articular cartilage have a very
guarded prognosis for athletic use, even if a surgical proce-
dure successfully removed fragmentation, secured loose frac-
tures or resolved sepsis. Horses with fragmentation of the
dorsodistal or very plantar aspect of the trochlear ridges,
fractures of the lateral malleolus, slab fractures of the central
or third tarsal bone and stress fractures of the talus will have
a good prognosis for return to function with proper
therapy.81,84 Standardbred race horses with slab fractures of
the third tarsal bone treated surgically or conservatively
appear to have a good prognosis for return to racing.81,88

Thoroughbred race horses or other racing breeds may not
fare as well with central tarsal bone fractures treated conser-
vatively.88 In other retrospective studies, the outcome of con-
servative treatment of central or third tarsal bone fractures in
race horses has been unfavorable.80,87 Horses with more
complex injuries (transverse calcaneal or complete talus frac-
tures) have a poor prospect for returning to high-level athletic
activity.

Involvement of the tarsal sheath or calcaneal bursa sec-
ondary to a proliferative bony response after a fracture or
osteomyelitis carries a good to guarded prognosis for ath-
letes.85,89 If soft tissue fibrosis restricts motion and obliterates
the synovial lining of these cavities necessary to allow
unrestricted movement of tendons or ligaments, the prog-
nosis is unfavorable. If treated early and aggressively, horses
with osteomyelitis of the sustentaculum tali and tarsal
sheath effusion may return to athletic competition.82,90

Early and consistent physical therapy may improve the
prognosis and shorten the convalescent period for these
athletes.

Prevention

There are no definitive recommendations that can be made to
prevent these tarsal injuries. Most are traumatically induced
from a sudden internal or external application of force that is
difficult to predict or avoid. Good horsemanship and avoiding
conditions that could predispose to these injuries is adequate.
Stress fractures in young race horses often result from accu-
mulated stresses (loads) and non-adaptive bone modeling or
remodeling in response to strenuous exercise. Varying exer-
cise regimens by reducing distance work in favor of speed
work may decrease the accumulation of microtrauma that
can cause these injuries.

Etiology and pathophysiology

The etiology of these injuries is accumulated microtrauma
(stress fractures in race horses) or single event application of

external (kick or collision) or internal (fall or slip) torque
sufficient to disrupt the osseous and soft tissue structures.

Thoroughbred or other performance horses that have a
wedge-shaped conformation of the craniolateral aspect of the
third tarsal bone may be predisposed to sustaining a slab frac-
ture of this bone during high-speed training or racing,95 by
presumably concentrating compressive forces along the
trough in the wedge.

These injuries will adversely affect performance by dis-
rupting the function of the tarsus during joint movement and
weight bearing, and by causing marked discomfort. Residual
articular cartilage erosions in weight-bearing areas, instabil-
ity, tarsal sheath adhesions, calcaneal bursa fibrosis or
osteoarthritis that persists or develops after therapy will
adversely affect athletic performance due to pain and loss of
motion.

Epidemiology

These injuries can affect any breed, age or use of horse. It
appears that stress fractures of the talus, slab fractures of the
central or third tarsal bones and lateral malleolar fractures
are more common in young Thoroughbreds and
Standardbreds in training or racing.

Osteoarthritis or inflammation of 
the intertarsal, tarsometatarsal and
talocalcaneal joints

● The tarsometatarsal and distal intertarsal joints of a wide
range of equine athletes are commonly affected by
osteoarthritis.

● Horses involved in activities that increase stress on the
tarsus are predisposed to osteoarthritis of the small joints.

● Disciplines commonly affected include three-day event
horses, jumpers, Standardbred race horses, barrel racers,
reining and dressage horses.

● The clinical presentation and therapeutic approach are
variable and will largely depend on the age, use and sever-
ity of the condition.

● Talocalcaneal osteoarthritis is rare, traumatically induced
and usually ends the career.

Recognition

History and presenting complaint Osteoarthritis of the
tarsus can affect athletes at a young age (in training) or at
later stages of their athletic careers. They will present with a
rear limb(s) lameness of variable severity and duration that
may improve with rest, only to recrudesce when placed back
in work. Affected athletes can sometimes warm out of the
lameness after a short period of work or will get worse when
they are forced to work vigorously with their rear limbs while
in a collected posture (dressage or approaches to obstacles for
jumping). This disease is often insidious in onset and some
chronically affected horses will refuse to perform certain
movements under tack and may even object vigorously by tail
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swishing, bucking, refusals at jumps and an unwillingness to
take or stay in a particular leg lead.

Horses with talocalcaneal degenerative joint disease will
commonly have a history of trauma preceding the lameness.
Physical examination There is usually no external soft
tissue swelling or effusion evident on the rear limb(s) and
affected horses may have straight-legged (post-legged) or a
tarsal valgus or varus (cow or sickled hocks) conformation.
The medial aspect of the intertarsal and tarsometatarsal
joints may appear thickened or have a boxed appearance in
some horses.

The severity of the presenting lameness will vary dramat-
ically but generally these athletes have decreased hock flexion
(reduced arc during the swing phase), a shortened stance
phase (weight bearing) and a shortened gluteal rise on the
affected side. The lameness can be variable but sometimes
imperceptibly exacerbated by flexion of the upper limb (hock
flexion) or inward pressure on the second metacarpal bone
(15–30 seconds) followed by trotting (Churchill test). When
ridden in a collected fashion, the lameness will often become
more apparent than when being trotted in hand or lunged.
Special examination Perineural analgesia of the tibial
and peroneal nerve or intra-articular anesthesia of the tar-
socrural, tarsometatarsal or intertarsal joint(s) will usually
improve the lameness and reduce the response to upper limb
flexion. Intra-articular anesthesia of the intertarsal and tar-
sometatarsal joint is not always specific for that compart-
ment. The middle and bottom joints communicate in
approximately 26–35% of horses and anesthetic can also
diffuse into the tarsal sheath or proximal intertarsal or tar-
socrural joint after injection into the tarsometatarsal joint
space.59–61 The plantar extension of the synovial sac of the
tarsometatarsal joint may cover the origin of the suspensory
ligament so that substances injected into this joint can affect
this structure by diffusion also.60 Care must be taken when
evaluating the horse in a straight line in hand after peri-

neural or intra-articular analgesia. If the lameness was
worse when lunged or ridden in a collected fashion, then the
evaluation after the blocks should be performed during
lunging or riding.

Standard radiographic views of the tarsus in horses
affected with osteoarthritis of the small tarsal joints will
demonstrate some degree of joint space collapse, peri-
articular osteophyte production (Fig. 19.39) or bony lysis
(Figs 19.40, 19.41). The disease often begins on the dorso-
medial surface of the joint(s). The radiographic changes,
when present, are consistently seen on the lateromedial and
dorsolateral to plantaromedial oblique projections. However,
there are many young horses that participate in activities in
which excessive strain is placed on the hocks that will have a

403
19 Tarsus and stifle

Fig. 19.39
Periarticular
osteophytes in a
horse with
osteoarthritis of
the intertarsal joint.

Figs 19.40, 19.41
Oblique and dorsoplantar views of the tarsus
in a horse with osteoarthritis and lysis of the
distal intertarsal joint.



tarsal lameness localized to one or both distal joints but have
normal-appearing radiographs. This is seen frequently in
Standardbred race horses and some young horses used for
dressage and jumping disciplines. This is presumably because
the disease is early and affecting only the articular cartilage
or periarticular soft tissues which are indistinguishable radi-
ographically. Horses in which this clinical presentation is
common include Standardbred race horses, Quarter Horses
participating in reining or roping and young dressage,
jumping or Western pleasure athletes of any breed.

Race horses and other athletes that participate in jumping
disciplines with inflammation of the small tarsal joints that
do not have evidence of osteoarthritis radiographically will
often have increased uptake of the isotope in one or both
affected tarsi when nuclear scintigraphy is performed.96,97

Any horse with involvement of the intertarsal or tarso-
metatarsal joint(s) with normal-appearing radiographs
would likely benefit from this diagnostic tool.

Horses with degenerative joint disease of the talocalcaneal
joint will have radiographic evidence of bony lysis and sclero-
sis at the normally smooth contour of the articulation
between the talus and calcaneus (Figs 19.42, 19.43).

Diagnostic confirmation Horses with proximal suspen-
sory ligament disease may appear clinically similar to horses
with tarsal disease, have a positive response to upper limb
flexion and may also respond favorably to anesthesia of the
tarsometatarsal joint.60 Care must be taken when interpret-
ing the response to this block and during the clinical assess-
ment because these horses are often unilaterally involved
whereas distal tarsal joint involvement is usually bilateral.
Careful palpation and ultrasonographic and/or radiographic
or scintigraphic examination of the attachment of the proxi-
mal suspensory ligament will reveal an area of ligament dis-
ruption, cortical bone discontinuity or radioisotope uptake
typical of this condition.

The radiographic appearance and clinical examination are
usually diagnostic. Horses with radiographically normal tarsi
should be evaluated with scintigraphy. There will usually be a
diffuse pattern of radioisotope uptake in the tarsometatarsal
and/or intertarsal joints.

Treatment and prognosis

Therapeutic aims The aim of therapy is to reduce intra-
articular inflammation and the discomfort associated with
motion and compression of these joints. Reducing or eliminat-
ing articular pain should permit adequate joint movement and
loading and this should provide joint flexion and propulsion.
The therapeutic aims are either medical or surgical. Medical
therapy is directed at minimizing inflammation and includes
intra-articular or systemically administered anti-inflammatory
medications. Surgical therapy is aimed at creating a stable
arthrodesis of the affected joint to eliminate movement and
provide for pain-free ambulation. The choice of therapy is
determined by the use, age and extent of articular involvement
in the individual patient and owner expectations.
Therapy Medical therapy for horses with osteoarthritis of
the tarsus includes intra-articular or parenterally adminis-
tered drugs. Parenteral NSAIDs (phenylbutazone) to reduce
inflammation and pain are commonly used for managing this
disease. The dosage (2.2–4.4 mg/kg, daily) is often tailored to
the individual horse depending on the severity of the disease
and the patient’s training or competitive schedule. A tapering
2–3 week dosing schedule is often used in an attempt to
reduce the discomfort and inflammation while the work
schedule is maintained at a reduced level until the horse can
sustain an adequate work schedule while being comfortable.
Regulatory bodies governing competitive sport often restrict
the use of NSAIDs or any other medication, either banning
their use completely or allowing them only under very strict
guidelines.

Intra-articular corticosteroids (methylprednisolone,
betamethasone, triamcinolone) or chondroprotective agents
(hyaluronic acid) alone or in combination can be used suc-
cessfully to reduce inflammation and the catabolic effects of
the inflammatory cascade on articular cartilage. This will
often permit the patient to return successfully to athletic activ-
ity for a variable period of time. These joints should be injected
aseptically and the horses are routinely rested for 3–7 days after
the injection to allow any soft tissue damage from the arthro-
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Figs 19.42, 19.43
Oblique and skyline
radiographs of the
tarsus in a horse
with osteoarthritis
of the talocalcaneal
joint.



centesis or hemorrhage to subside. The duration of relief can
vary from days or weeks to months. It appears that horses with
advanced osteoarthritis and marked radiographic degenerative
changes may not respond as favorably or for as long as less
severely affected horses. In addition, horses that have had
repeated intra-articular injections at decreasing intervals with a
marginal response will often not have a favorable or prolonged
response to this form of therapy.

The decision to use this form of therapy will depend on
clinical impression, radiographic findings, success of previ-
ous therapies, duration of the condition and use of the horse.
It is probably more suitable for a horse with mild to moderate
disease (clinically and/or radiographically) that has been
infrequently treated by this route. Horses with severe disease,
in heavy work and that have not responded favorably
(improved lameness or prolonged response) to previous 
intra-articular injections are less likely to have a favorable
long-term outcome with this therapy.

The tarsometatarsal or distal intertarsal joints are the
most frequently treated. The degenerative joint disease of the
tarsometatarsal joint may contribute to tarsal lameness more
often and more severely than the other small tarsal joints.
Other joint involvement should be determined by intra-
articular anesthesia and radiographic evaluation. If both
distal joints are involved, they should be treated separately
since communication between joints does not exceed 38% of
joints.59–61 Numerous techniques have been described for
injection of these joints and the reader is referred to these
descriptions for specific details.65

This form of therapy will allow the horse to remain athlet-
ically active while the lameness is managed. This is particu-
larly important in young athletes or horses competing in
seasonal events where more invasive approaches would limit
their use during this time. The goal is to limit joint inflamma-
tion. Repeated use of intra-articular corticosteroids will
enhance catabolism of the articular cartilage, promoting the
degenerative changes. This may explain why many horses
that have been treated repeatedly become refractory and
develop more advanced forms of the disease with time and
use. It is very unlikely that joint collapse and organized
arthrodesis will result from this approach and most horses
will have persistent joint spaces in spite of numerous intra-
articular injections over a prolonged period of time.

Systemic administration of chondroprotective agents such
as hyaluronic acid and polysulfated glycosaminoglycans is
frequently used alone or in combination with intra-articular
medication. Regimens vary using intramuscular (polysul-
fated glycosaminoglycans) or intravenous (hyaluronic acid)
injections at intervals ranging from every week to once a
month. Oral administration of chondroitin sulfate or glu-
cosamines is also widely used. The extent of oral absorption of
these products may be unpredictable depending on individual
patient differences and quality of the preparation. The effec-
tiveness of these forms of therapy is less predictable but there
appear to be cases in which they were clinically effective in
providing relief for tarsal lameness for a protracted period of
time. Removal of the medications or supplements resulted in
recrudescence of the lameness.

Adequate heel support to maintain a straight pastern axis
and a rolled or squared toe allows easier breakover of the foot,
reducing the arc of flight and subsequent concussion of the
joint surfaces during high-speed or collected work. The use of
heel caulks or trailers may increase the rotational forces
placed across the joint surfaces in horses during high-speed
exercise, especially in Standardbreds. Avoiding their use may
limit development and/or expression of the condition. In
horses with sickle or cow hocks, attempts to induce breakover
of the medial toe may be of benefit in limiting uneven loading
of the joint surfaces.

Acupuncture has been used for many musculoskeletal
disorders in horses and may have a therapeutic role in 
the treatment of tarsal disease in equine athletes. Lack 
of an appropriate duration or extent of response is an impor-
tant determinant for continuation of this form of therapy
alone or whether an alternative therapeutic regimen is
indicated.

Surgical therapy for this disease is aimed at achieving
arthrodesis of these joints by various means. Use of stainless
steel cylinders to secure a cancellous bone graft in the spaces
between joints in an effort to promote an arthrodesis has
been successfully described but not widely accepted for clini-
cal use.98 A diode laser has been used effectively to remove the
articular cartilage to arthrodese the distal tarsal joints in
equine athletes.99 The procedure is performed with the horse
anesthetized. The joint spaces are localized with needles
using radiographic or fluoroscopic guidance. Once the
needles are positioned in the desired joint, they are used as
cannulas to introduce the laser fiberoptic cable into the joint.
Laser energy is used to remove the articular cartilage from
the majority of the joint surface.99 Exposing subchondral
bone surfaces in apposition will promote the formation of an
arthrodesis and joint stability. These horses are hand-walked
for 4–6 weeks after laser treatment. Light flat work is then
begun with a gradually incrementing exercise regimen
begun after a couple of weeks. Laser arthrodesis may reduce
the perioperative morbidity associated with other surgical
techniques (drilling) or chemical fusion.99

Drilling the joint surfaces in an effort to remove the artic-
ular cartilage has also been described as a method to promote
arthrodesis.100 With this technique the tarsometatarsal and
distal intertarsal joints are identified with radiographic guid-
ance from the medial aspect of the tarsus. Using three sepa-
rate 3.5 mm drill passes from an incision on the medial
aspect of the joint, the individual joint(s) are then drilled in a
fan-shaped manner towards the opposite side (lateral) of the
joint. The joints are bandaged and the horse kept in a stall for
7–14 days at which time hand-walking is begun if the patient
can tolerate it. Some patients may become very painful after
surgery and remain recumbent. Discomfort should be con-
trolled using NSAIDs or epidurally administered analgesics
such as morphine or xylazine. Arthrodesis of these joints
may take 6–9 months to complete and it is not uncommon for
these horses to be out of work for up to 12 months and have
a poorly cosmetic bony thickening of the medial aspect of the
tarsus.100 They may have a residual lameness present in spite
of the fact that the joint(s) appear to be radiographically
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fused. All other causes of lameness must be ruled out before
contemplating this surgical procedure in any horse. In addi-
tion, it would be best suited for horses in which other forms of
medical or surgical therapy have failed and that have radi-
ographic evidence of severe osteoarthritis.

Arthrodesis using internal fixation has been described
using a single 4.5 mm cortical lag screw placed from distal to
proximal through the third metacarpal bone into the third
and central tarsal bone to compress the joints.100 Application
of a fingerplate or a T-plate on the medial aspect of the tarsus
with 3.5 or 4.5 mm cortical screws placed into the central
and third tarsal and third metatarsal bones to bridge the
joints and compress them has also been reported as a suitable
alternative to drilling the joint surfaces.100 It appears that use
of a stabilizing implant on the medial aspect of the joint may
reduce the number of horses in which failure of arthrodesis
occurs when compared to drilling alone but it does not
appear to reduce the convalescent period, which may be
6–12 months irrespective of procedure used.100

Chemical fusion with sodium monoiodoacetate has been
advocated as a therapeutic option for horses with osteoarthritis
of these joints.101,102 This chemical is caustic and extremely
chondrotoxic. It will induce arthrodesis by irreversibly damag-
ing the articular cartilage, exposing subchondral bone sur-
faces. Either single102 or three injections of 150 mg of filtered
chemical administered at 3-week intervals101 have been used
to achieve chemical arthrodesis of the tarsal joints. The joint
space must be localized with radiographic guidance prior to
injecting this substance into the joint. Contrast arthrography is
warranted to make sure there is no communication of these
joints with the proximal intertarsal, tarsocrural or tarsal
sheath synovial spaces. Movement of the chemical into any of
these cavities could be disastrous and prematurely terminate
an athletic career. Extra-articular placement of the chemical
will cause cellulitis and may lead to tissue necrosis with loss of
some soft tissue coverage requiring prolonged wound therapy.
Similar to the drilling surgical arthrodesis, these horses may be
very uncomfortable for 12–36 hours after the procedure,
requiring appropriate analgesia. Hand-walking or light riding
can be initiated in 7–10 days after the first injection.101,102

There will be a radiographically evident collapse of the 
joint space(s), but there is usually incomplete radiographic
evidence of arthrodesis in clinical cases.102 In normal horses,
the radiographically evident arthrodesis approaches 
89%.101 Prolonged swelling, chronic pain and lameness 
have been reported after its use.102 Chemical arthrodesis may
not be a suitable first choice of therapy for most affected
horses.102

Few therapeutic choices would be expected to provide
relief of lameness in athletes with talocalcaneal degenerative
joint disease. Theoretically, arthrodesis of the joint could be
attempted but there are no reports of this procedure or long-
term follow-up of its use in athletes.
Prognosis The prognosis for athletic performance is good
for most horses. Those horses affected with severe degenera-
tion and arthritis of the intertarsal or tarsometatarsal tarsal
joints at an early age have a guarded prognosis for maintenance
of soundness with medical therapy and surgical options may
offer an improvement but for some high-level athletes, the

degree of improvement may not be enough to permit a success-
ful athletic career in the more demanding disciplines.

Horses with talocalcaneal degenerative joint disease have
a guarded prognosis for use in athletic endeavors.

Prevention

Prevention of this disease in horses is difficult. Delaying heavy
work in young athletes may reduce articular damage in those
predisposed to the disease. Proper shoeing to provide breakover
of the center or medial aspect of the foot may be of benefit.
Horses with straight-legged, sickle or cow-hocked conformation
are predisposed and selecting away from this type of conforma-
tion may be sensible. Indiscriminate use of intra-articular corti-
costeroids in performance horses that present with rear limb
lameness is probably detrimental to the long-term health of
these joints and may predispose many athletes to premature
development of osteoarthritis of these joints. Adequate localiza-
tion of the lameness to these joints through diagnostic blocks
and radiographic evaluation may limit the number of horses
that are treated unnecessarily.

Etiology and pathophysiology

This disease is caused by multiple factors, among them confor-
mation (sickle and cow-hocked and straight-legged), athletic
use (dressage, jumping, reining horses, Standardbred race
horses), angular limb deformities (valgus or varus) centered on
the tarsus,103 osteochondrosis or juvenile spavin70 and incom-
plete ossification of the tarsal bone leading to tarsal bone col-
lapse in foals.104 These conformational faults or eccentric joint
loading due to type of work being performed may contribute to
the development of tarsal inflammation and osteoarthritis due
to axial loading of the joints and/or shear stresses placed on the
distal rows of tarsal bones during competition.

Trauma appears to be the inciting cause of most cases of
talocalcaneal degenerative joint disease.

Epidemiology

Degenerative joint disease of the intertarsal or tarso-
metatarsal joints can affect nearly any breed of horse
involved in any athletic endeavor. It is common in horses par-
ticipating in dressage, jumping, gaited and Western perform-
ance disciplines, pacers and trotters.

Gastrocnemius tendon (GT), plantar
ligament and superficial digital flexor
(SDF) tendon injuries of the tarsus

● Most distal GT injuries present as a tendinitis rather than
avulsion fractures or complete disruption.

● The SDF can luxate medially or laterally after disruption of
the facial attachments to the calcaneus.

● Desmitis of the plantar ligament is caused by excessive
tension on the plantar surface of the tarsus (sprain).

● Moderate or severe GT or SDF injuries carry a poor prog-
nosis for athletic soundness.
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Recognition

History and presenting complaint These horses can
present with an acute onset of moderate to severe swelling of
the caudal aspect of the tarsus or around the calcaneus.
Horses with disruption of the caudal portion of the reciprocal
apparatus (SDF and gastrocnemius) of the hindlimb will
present with an acute onset of severe lameness.105,106

However, GT or SDF tendinitis or plantar ligament desmitis
will more often present with a chronic lameness of variable
severity and less obvious swelling on the proximoplantar or
plantar aspect of the hock.107 These injuries can occur after
high-speed exercise or after a fall or traumatic episode (colli-
sion or impact) during a competition. Tendinitis or disloca-
tion of the SDF, tendinitis of the GT or plantar ligament
desmitis can be observed in horses competing in high-speed
events or jumping disciplines.9

Physical examination Horses with tendinitis or disloca-
tion of the SDF, tendinitis of the GT or plantar ligament
desmitis will present with a mild to moderate lameness
depending on the severity of the injury and duration of the
condition. There may be diffuse swelling over the point of the
hock or more discrete thickening of the SDF or GT at the site
of injury. The lameness evident at presentation is usually
exacerbated by flexion of the upper limb. When luxated, the
SDF can be manually luxated and reduced onto the calcaneus
but will not stay in its normal anatomic position during
ambulation.93,94 The tendon will luxate to the side opposite to
where the retinaculum and ligamentous attachments to the
tarsus (calcaneus and talus) are located (if the lateral attach-
ments are torn, the tendon will luxate medially).93

Horses with disruption of any part of the caudal portion of
the reciprocal apparatus (SDF and gastrocnemius) of the
hindlimb will present with an acute onset of severe lameness.
In cases with disruption of the stay apparatus, an inability to
completely fix the hock in extension during attempts at
weight bearing is often present.105,106 The disruptions in the
stay apparatus are usually proximal (distal femur) and there
is no swelling or pain around the tarsus. Although the disease
appears to involve the hock due to its dropped appearance,
there is no disruption of the tarsal structures. Distal GT dis-
ruptions, avulsion or transverse fractures of the calcaneus
appear similar clinically (dropped hock), but there is obvious
swelling of the calcaneus and/or GT.
Special examination Perineural analgesia of the per-
oneal and tibial nerves above the tarsus will usually improve
the degree of lameness in horses with desmitis of the plantar
ligament or tendinitis of the SDF or GT proximal to the
tarsus.107 It will usually also eliminate or reduce the positive
response to the upper limb flexion. Horses with plantar liga-
ment desmitis may improve after intrasynovial anesthesia of
the tarsometatarsal joint space if any of the anesthetic dif-
fuses from the joint to the surrounding ligament. Care must
be taken to assess the area on the plantar surface of the
tarsus for any swelling or thickening that may be indicative of
plantar ligament desmitis before anesthetizing the joint.

Ultrasonographic evaluation of the tendons (SDF or GT) or
plantar ligament can be performed standing using a 7.5 MHz
probe.107 Ultrasonographic images will usually reveal vari-

ably sized areas of tendon or ligament hypoechogenicity asso-
ciated with fiber disruption and fluid accumulation (edema
and/or hemorrhage).107 The size of the lesions should be
measured sagittally and transversely and as a percentage of
the area of the structure and the images recorded. This will
serve as a baseline quantification of the original injury for
prognostic purposes and allow for comparisons during
healing. With chronic desmitis or tendinitis, the ultrasono-
graphic pattern will reveal thickening of the involved 
structure and a variable amount of hyperechoic tissue char-
acterized by fiber pattern disorganization that is consistent
with fibrosis. Ultrasonography of horses with a complete tear
of the GT will reveal a total disruption of the GT in a trans-
verse plane and in those with a transverse fracture of the cal-
caneus, cortical disruption of the calcaneus is also readily
apparent.

Ultrasonographic examination of the SDF is not necessary
to diagnose luxation of the SDF, but it should be performed to
make sure that there are no concurrent extensive tendon
defects that may worsen the prognosis.

Routine radiographs of the tarsus (all standard views and
a skyline) should be obtained to identify avulsions or frac-
tures of the calcaneus or enthesiophytes at the insertions of
these soft tissue structures. Nuclear scintigraphy may be
useful in subtle cases with a more chronic duration.
Laboratory examination There are no specific labora-
tory examinations indicated for these conditions.
Necropsy examination At necropsy, acutely affected
horses will have soft tissue swelling with hemorrhage and/or
edema. The involved structure (SDF, GT or plantar ligament)
will be variably enlarged or disrupted and the defect(s) filled
with fresh hemorrhage, clotted blood or granulation tissue.
In more chronic cases there will be less peritendinous soft
tissue swelling and the affected structure will be thickened by
the presence of mature fibrous tissue. The histological
appearance of the tissues would be similar in that more 
acute lesions would be characterized by blood elements and
granulation tissue and chronic cases by fibrosis.
Diagnostic confirmation Disruption of the distal portion
of the reciprocal apparatus is diagnosed by the clinical
appearance and the ultrasonographic and radiographic
findings.105,106 Disruptions of the plantar portion (SDF) of
the reciprocal apparatus are usually proximal and do not
directly involve the hock. Disruptions of the distal portion of
the dorsal part of the reciprocal apparatus (GT) are rare 
and usually involve the calcaneus but can occur anywhere
along the structure.106 Radiography and/or ultrasonography
will identify the affected structure. Luxation of the SDF is
diagnosed by the clinical appearance and history.93

Tendinitis (SDF or GT) or desmitis (plantar) is diagnosed by
clinical appearance, lameness examination, ultrasonography
and radiography.107 These injuries must be differentiated from
other causes of tarsal lameness. Horses with plantar ligament
desmitis may improve after anesthesia of the tarsometatarsal
joint (see previous section). Perineural analgesia (tibial and
peroneal) will improve the lameness in cases of tendinitis, but
intrasynovial anesthesia will not. This serves to differentiate
tarsal conditions from those proximal to the tarsus.
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Treatment and prognosis

Therapeutic aims The aim of therapy is to surgically sta-
bilize or repair the affected tissue in cases of SDF luxation or
bony calcaneal injuries (see fracture section). In cases with
desmitis or tendinitis, the aim is to rest and rehabilitate the
patient to allow deposition of collagen in an organized and
functional pattern that will allow the affected structure to
regain its previous biomechanical function and tissue
strength necessary for athletic performance.
Therapy In cases with complete disruption of the dorsal or
both portions of the reciprocal apparatus, therapy consists of
full-limb coaptation to permit fibrosis of the structure.105,106

Cases with complete disruption of the reciprocal apparatus
will rarely respond to coaptation as the cast will not immobi-
lize the limb completely, leading to cast disease and contralat-
eral limb laminitis before useful fibrosis of the reciprocal
apparatus occurs. Partial disruptions may respond better to
this form of therapy, as there is still one intact part of the
system (SDF or GT) left. Disruptions of the reciprocal appara-
tus that involve all or part of the calcaneus have been dis-
cussed in the previous section.

Cases of desmitis (GT) or tendinitis (SDF) should be rested
until healing is complete when evaluated ultrasonographi-
cally. This may require up to 6–12 months, since many of
these injuries are either quite large or very chronic with
significant fibrosis and a poor blood supply. Inadequate or
incomplete healing is not uncommon.107 There are no
described surgical procedures available to augment healing
and most surgical interventions would probably increase the
amount of tissue damage. Medical therapy during the acute
stages consists of NSAID administration and regional cold
therapy to reduce inflammation. Therapeutic heat, shock
waves or ultrasound application (extracorporeal shock wave
therapy or therapeutic ultrasound) during the convalescent
period may help increase circulation and promote healing.
Intralesional administration of medications has not met with
universal acceptance due to the unpredictable clinical and
histological results when used for tendon or ligament defects.
Rehabilitation of the soft tissues should be initiated as soon as
there is enough healing to support a controlled increase in
activity without disrupting the repair tissue. This early mobi-
lization will improve the reorganization of the tissue and
restore soft tissue elasticity. This is particularly important
when SDF or GT injuries are located within the calcaneal
bursa(s), where deposition of scar tissue and adhesions 
will adversely affect tarsal function irrespective of the
strength or completeness of the repair. Adhesions or diseased
tissues within the calcaneal bursa can be debrided and
lavaged via an endoscopic approach to minimize further soft
tissue trauma.91 The approach consists of a distal scope (or
instrument) portal and a proximal instrument (or scope) por-
tal at the limits of the bursa to converge on the affected
area.91

Luxation of the SDF is usually treated surgically to reposi-
tion the tendon and repair the retinaculum and attachment
to the talus/calcaneus.93,94 The repair is performed in lateral
recumbency with a direct incision over the affected side. The
tendon is repositioned and the disrupted edges of the retinac-

ulum are sutured with a pre-placed interrupted mattress
pattern of one or two absorbable (polidioxanone) or non-
absorbable (nylon) monofilament suture. A synthetic mesh
(Marlex) has been successfully used to repair a medial SDF
luxation in an adult horse that eventually returned to
work.93 These horses should be assisted to stand after 
surgery. Using some form of external coaptation (cast,
Robert-Jones bandage, splints) to prevent hock flexion 
during the first 4–6 weeks after surgery is important to 
avoid disruption of the repair and reluxation of the tendon.
Once the repair tissue is strong enough to permit removal of
the coaptation, hand-walking is initiated to strengthen 
the repair tissues. Swimming or range of motion exercises
will minimize the restrictive effects of the scar tissue and
adhesions.
Prognosis Horses with partial or complete disruption of
the reciprocal apparatus have a poor prognosis for future ath-
letic performance.105,106 Even with adequate fibrosis and
healing, there will be some residual excessive tarsal flexion
remaining that will make athletic competition unlikely.

Tendinitis of the GT carries a guarded prognosis for future
athletic performance. These injuries are often chronic when
diagnosed and they can affect a significant portion of the
tendon.107 The chronicity, extent and restriction of motion by
the scar tissue will all combine to decrease the prognosis for
athletic use.107

Luxations of the SDF with or without accompanying ten-
dinitis have a guarded prognosis for return to athletic per-
formance, especially those athletes competing in higher
level athletic disciplines. Early recognition, surgical repair,
limited soft tissue damage and aggressive rehabilitation
may all help improve the prognosis in horses with these
injuries.

Prevention

There are few specific recommendations that can be made to
prevent these injuries. Adequate footing during competition,
good horsemanship skills and attention to husbandry may
help reduce their occurrence. Early recognition of athletes
with GT tendinitis may improve the prognosis by allowing
adequate therapy (rest, rehabilitation, extracorporeal shock
wave) to be instituted prior to the development of debilitating
scar tissue, large defects and adhesions.

Etiology and pathophysiology

These soft tissue injuries of the hock are traumatic in nature
and can occur from impact trauma or a fall/slip during
athletic competition. The injury results from either ex-
ternally or internally applied forces (sprain) that exceed the
biomechanical load limits of the affected structure.

Epidemiology

These injuries are more likely to occur in athletes participat-
ing in strenuous disciplines such as, but not limited to, flat
racing, jumping and three-day eventing.
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ligaments in varying locations respond to treatment and
rehabilitation in a relatively similar fashion so even if one is
confronted with a new or unusual injury, basic treatment
principles apply. Although the published prognosis is fair or
even poor for many soft tissue injuries, early diagnosis, good
client compliance with repeated clinical and ultrasound
examinations and a controlled exercise program tailored to
the stage of healing of the injured tendon or ligament have
improved the prognosis for most injuries. The prognosis for
return to full athletic soundness is often good when using
these principles, as long as adequate care and time are pro-
vided to allow for complete healing.

Superficial digital flexor 
tendinitis (bowed tendon)

Recognition

History and presenting complaint

Horses presented for superficial digital flexor (SDF) tendinitis
are usually in full athletic use. Affected horses often have a
workload that consists primarily of galloping and/or jump-
ing (Fig. 20.1). Most tendon injuries are due to cumulative
damage rather than a single event, the exception being a fall
or a strike from another limb. Horses often develop clinically
apparent pain, swelling and lameness 2–3 days following SDF
injury.

Physical examination

Lameness ranges from grade 1 to 3 of 5 and is often transient
or intermittent. It often resolves rapidly with the use of ice
and anti-inflammatory agents. There may be pain on palpa-
tion, heat and swelling at the lesion site. These signs may not
be apparent as the lameness resolves. Affected horses fre-
quently exhibit a decrease in performance ability after the
initial lameness resolves.1,2

Introduction

Thirteen percent of equine athletes sustain a soft tissue
injury sufficiently severe to require a period of rest each year.
Horses at greatest risk are those whose work load is increas-
ing rapidly, for example, horses undertaking work at racing
speed prior to their first race or dressage horses training to
achieve the next training level.

Tendons and ligaments have a slow metabolic rate of
activity and require a period of 8–14 months to return to the
normal tensile strength range after damage. Confinement
and rehabilitative exercise needed for optimum healing are
expensive and time consuming; therefore an accurate diag-
nosis of all injuries currently affecting the horse is very
important to allow for simultaneous treatment. Tendons and
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Luxation of the SDF tendon from its attachment to the cal-
caneus often presents as an acute injury during exercise, par-
ticularly in polo ponies and eventers. An audible pop may be
heard, followed by acute lameness. As luxation usually
occurs laterally, the tendon can be seen coursing down the
lateral aspect of the tarsus. Within a few days, massive
swelling of the limb obscures anatomic details if the injury is
not treated aggressively for inflammation.

Differential diagnosis for lesions in the metacarpal/
metatarsal region is usually limited as the SDF tendon is
readily palpated and separated from deeper structures. Carpal
sheath synovitis may be associated with proximal SDF
tendinitis. Digital sheath synovitis may be associated with
SDF tendinitis in the fetlock region. Differential diagnosis 
in the pastern region includes damage to the sesamoidean
ligaments or the collateral ligaments of the proximal

Fig. 20.1
Horse competing in the stadium jumping
phase of the Rolex Three-Day Event
(CCI****).

Fig. 20.2
Ultrasonographic image of a SDF tendon core
lesion showing a subcutaneous organizing
hematoma in the short-axis (right-hand) view as
indicated by the arrow.



414
Musculoskeletal system

interphalangeal or distal interphalangeal joints. The foot
must always be ruled out as a source of pain.

Special examination

For SDF branch lesions, a low palmar digital nerve block gen-
erally provides analgesia. For SDF lesions in the metacarpal/
metatarsal region, a high palmar nerve block resolves the
lameness.3

Increased size of the affected tendon region combined
with loss of echogenicity and normal parallel linear fiber
pattern observed with diagnostic ultrasonography provides
the definitive diagnosis (Figs 20.2, 20.3, 20.4).1,4–10

Tenoscopy of the carpal and digital sheaths can pro-
vide additional diagnostic information as well as fur-
ther treatment options. For example, under arthroscopic
guidance debridement of frayed tendon fibers and resec-
tion of proliferative synovium and adhesions may be
performed.11,12

Treatment and prognosis

Therapeutic aims

Control inflammation and prevent further tendon injury
either directly, through reducing tendon fiber swelling and

Fig. 20.4
Ultrasonographic image of a SDF medial branch
core lesion in the pastern at the level of
insertion.

Fig. 20.3
Ultrasonographic image of chronic, generalized
SDF tendinitis in the metacarpal region.The
tendon is enlarged, hypoechoic and has a fair
fiber pattern.
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influx of inflammatory mediators, or indirectly through
further exercise.

● To provide adequate tendon support, primarily through
shoeing.

● To provide adequate rest followed by graduated increases
in exercise to allow for optimum tendon healing

Therapy

Initial therapy is directed at controlling excessive inflamma-
tion and should include anti-inflammatory therapy such as
1 g of phenylbutazone orally twice daily for 2–3 weeks, based
on injury severity.

Cold therapy, such as ice for 20 minutes 2–3-times/day for
3 weeks, is an effective adjunct to reduce inflammation.
Treatment with intramuscular polysulfated glycosamino-
glycan, 500 mg every 4 days for seven treatments, has been
shown to improve tendon healing.13

Foot conformation should be evaluated early in the course
of injury. Good caudal heel support should be provided using
an egg bar shoe that extends to the level of the heel bulbs.
Any break in pastern/hoof axis should be corrected at the
same time.

Stall (12’by 24’) confinement with hand-walking should
be initiated following examination. Unless the tendon is so
severely damaged that rupture appears likely (rare), hand-
walking is an important part of treatment and should not be
delayed.

Bandaging is useful to decrease edema in the surrounding
tissues. Bandages will not provide significant tendon support.
Any concurrent lameness, even slight or chronic, should be
treated at the same time.

Following an initial period of stall rest and hand-walking,
the SDF tendon should be re-evaluated using physical exami-
nation and ultrasonography to assess healing. Increasing
exercise should be based upon examination findings rather
than time elapsed. When allowed free exercise, the horse
should be confined to a space small enough so that it can only
walk until the patient is at 20 minutes trot during controlled
exercise. Please refer to Tables 20.1–5 for detailed exercise
protocols.
Surgical options If an anechoic or mostly anechoic core
lesion is seen on ultrasonographic examination, ultrasound-
guided tendon splitting to decompress the core lesion should
be performed as soon as possible, ideally 2–14 days fol-
lowing injury, to prevent further compression injury of the
surrounding normal fibers.

Injury 0–30 days 30–60 days

Mild Hand-walk 15 minutes Increase walking time by 
twice daily 5 minutes per week

Moderate Hand-walk 10 minutes Increase walking time by 
twice daily 5 minutes per week

Severe Hand-walk 5 minutes Increase walking time by 
twice daily 5 minutes per week

Table 20.1 Exercise protocol following the first 
examination (0–60 days). Horse is confined to a stall 
and equivalent size paddock (12′ × 24′)

Progress 60–90 days 90–120 days

Good Ride at walk 25 minutes Ride at walk increasing 
daily, increasing by 5 minutes per week
5 minutes per week

Fair As above As above
Poor Hand-walk 60 minutes Ride at walk 

per day 20–30 minutes daily

Table 20.2 Exercise protocol following the second examination
(60–120 days). Horse is confined to a stall and equivalent size
paddock

Progress 120–150 days 150–180 days

Good Add 5 minutes trot Add 5 minutes trot every 
every 2 weeks 2 weeks

Fair Ride at a walk As above
60 minutes daily

Poor Re-evaluate case and Treatment options
discuss further

Table 20.3 Exercise protocol following the third examination
(120–180 days). Horse is confined to a 40′ × 40′ paddock

Progress 180–210 days 210–240 days

Good Add canter 5 minutes Add canter 5 minutes 
every 2 weeks, can every 2 weeks, begin
turn out after exercise ground pole work for 

jumping
Fair Add trotting 5 minutes Add canter 5 minutes 

every 2 weeks every 2 weeks
Poor Re-evaluate case and Re-evaluate case and 

discuss further discuss further
treatment options treatment options

Table 20.4 Exercise protocol following the fourth examination
(180–240 days). Horse can be turned out after riding exercise
when it has been cantering 10 minutes for 1 week

Progress 240–270 days 300–330 days

Good Racing speed work, Ready for competition 
begin once weekly 
jumping or other
competitive training

Fair Add canter 5 minutes Full flat work; no racing 
every 2 weeks speed work or jumping

Poor Re-evaluate case and Re-evaluate case and 
discuss further discuss further treatment
treatment options options

Table 20.5 Exercise protocol following the fifth examination
(240–300 days)



If a subcutaneous hematoma is detected, injection of
hyaluronic acid between the tendon and the skin should be
performed as soon as possible, ideally 2–14 days following
injury to attempt to prevent development of adhesions
between the subcutaneous tissue and the SDF tendon.

Superior check ligament desmotomy has been shown to
improve SDF appearance in the short term; long-term results
have been less encouraging. Superior check desmotomy has
been associated with significantly increased strains on 
the SDF tendon and SL.14 Horses treated surgically were 
1.2 times more likely to develop recurrent or new injuries after
returning to training than horses managed non-surgically. Race
horses that have undergone a superior check ligament desmo-
tomy are 5.5 times as likely to suffer a subsequent suspensory
ligament injury as are horses without desmotomy.15

Palmar annular ligament (PAL) desmotomy is very helpful
in treatment of SDF injuries that extend to the distal
metacarpal/metatarsal region. Resection of the PAL relieves
compression of the enlarged SDF and allows for improved
tendon gliding. This procedure is most effective when per-
formed soon (within 4 weeks) after SDF tendon injury. If the
procedure is not performed, the proximal portion of the SDF
on subsequent ultrasound exams will appear to be healing at
a normal rate, while the portion of the SDF just proximal to
and at the level of the PAL will heal poorly. Resection is 
still useful as a treatment for chronic distal SDF tendon 
injury, although improved healing of the tendon is less
dramatic. Although several surgical repair methods have
been described for SDF tendon luxation, aggressive medical
therapy provides a good long-term outcome without the
complications that can occur following surgical attachment/
stabilization at the original site on the calcaneus.

An experimentally promising treatment that may improve
tendon healing in the future is the use of growth factor(s).16

Prognosis

The prognosis is excellent for life and good for return to full ath-
letic use, if aggressive treatment followed by controlled rehabili-
tation is performed. If the tendon appears 95% healed based on
size, echogenicity and fiber pattern on the final ultrasound
exam, the horse is at no greater risk of reinjury than of any ath-
letic use injury upon return to full work. A superficial digital
flexor tendon that has luxated from its calcaneal attachment
also has a good prognosis with aggressive medical treatment for
inflammation and a full rehabilitation program.

Etiology and pathophysiology

The SDF tendon, in conjunction with the suspensory liga-
ment, acts to keep the fetlock from extending to the ground
when the horse is weight bearing. The SDF actively partici-
pates in limb flexion during the swing phase of locomotion
through contraction of the SDF muscle.

The SDF tendon has little margin of safety as horses in full
work such as galloping or jumping generate forces near to its
breaking strength.17,18 Factors that place excess load on the
tendon, such as muscle fatigue which places increasing load

on the much smaller, tendinous portion of the muscle/
tendon unit, poor hoof conformation/shoeing or lameness in
another limb, place the tendon at increased risk of failure.

Once a few fibers are damaged, strength is reduced and the
tendon is predisposed to further fiber rupture with continued
work. Hemorrhage at the site of ruptured fibers and associated
inflammatory mediator release cause further fiber damage,
either through compression by expansion of the hematoma or
from the detrimental effects of inflammatory products.

Athletic performance deteriorates in horses with SDF ten-
dinitis due to initial lameness, followed by prolonged tendon
weakness during the recovery phase. If excessive exercise is
attempted while the tendon is relatively weak, the risk of
tendon reinjury is high, leading to a repetitive syndrome of
repeated short periods of acute lameness followed by longer
periods of inability to perform regular work. If the tendon is
damaged repeatedly, fibroblast damage occurs (tendinosis),
resulting in inability to generate normal repair collagen. At
this stage the tendon’s ability to heal is compromised.

Prevention

SDF tendinitis prevention consists of:

● increasing workload gradually rather than abruptly. A 5%
increase in workload per week is generally a safe guideline

● being attentive to hoof shape and shoeing to avoid a long
toe, low heel configuration and to prevent a break in
pastern/hoof axis

● early recognition and treatment of other lameness to
prevent compensatory tendon overload

● recognition that certain conformational faults, particu-
larly ‘back at the knee’ conformation, load the SDF addi-
tionally and place the horse at increased risk of tendon
injury when in full work.

Deep digital flexor tendinitis

Recognition

History and presenting complaint

Forelimb deep digital flexor (DDF) damage occurs most fre-
quently in the pastern region of horses used for athletic pur-
suits which involve twisting and turning, such as endurance
riding in rough terrain or roping. In the foot region of fore-
and hindlimbs, DDF tendinitis often occurs in middle-aged
horses. It is often concurrent with navicular disease, particu-
larly navicular bursitis. Hindlimb metatarsal region DDF ten-
dinitis is most frequently seen in hunters/jumpers, again
often middle-aged geldings that have had years of work.

Physical examination

Grade 1–3 out of 5 lameness is observed and is often inter-
mittent or transient. Heat, swelling and pain will be present
on palpation of the DDF.
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Differential diagnoses depend on location; in the metacarpal/
metatarsal region, inferior check ligament desmitis is the major
differential. Tarsal sheath synovitis may be associated with
hindlimb DDF tendinitis. In the pastern the SDF tendon and the
sesamoidean ligaments must be included in the differential
diagnoses. Digital sheath synovitis is often associated with
pastern region DDF tendinitis. In the foot, navicular bursitis,
navicular bone changes and other causes of heel pain should be
considered as differential diagnoses.

Special examination

Diagnostic nerve blocks will localize the region of the DDF
involved and begin the process of elucidating the source(s) of
heel pain, if present. Radiographs of the foot will provide
information regarding bone and joint involvement

Diagnostic ultrasonography will define the presence and
extent of DDF damage. For the most optimal examination of
the DDF within the hoof, as well as the navicular bursa and
the impar ligament, the shoe should be removed and the frog
should be pared to provide a level surface for good transducer
contact. The foot should be soaked overnight to further soften
the tissues. The insertion of the DDF on the solar aspect of the
distal phalanx, the navicular bursa and the impar ligament
can then be evaluated for disease (Fig. 20.5).19

Treatment and prognosis

Therapeutic aims

● To control inflammation and prevent further tendon
injury either directly, through reducing tendon fiber
swelling and influx of inflammatory mediators, or indi-
rectly through further exercise.

● To provide adequate tendon support, primarily through
shoeing.

● To provide adequate rest followed by graduated exercise to
allow for optimum tendon healing

Therapy

For general tendinitis medical treatment, please refer to the
section on SDF tendinitis (pp 415–416).

DDF tendinitis in the region of the navicular bone is fre-
quently associated with navicular bursitis. If this is the case,
therapy should include injection of the navicular bursa with
hyaluronic acid and steroid. Injection of the coffin joint rarely
provides sufficient clinical and ultrasonographic signs of
resolution of bursitis, even if the horse responds to coffin
joint anesthesia. Reasons could include:

● diffusion of local anesthetic across membranes which 
are not sufficiently permeable to allow diffusion of larger
molecules20

● anesthesia of local nerves proximal to the bursa, causing
reduction in pain that was not the result of reduction of
inflammation within the bursa.

Tarsal sheath synovitis may be treated medically in a similar
fashion to the digital sheath (see following section).
Tenoscopy of the sheath is an effective treatment for
chronic/complicated cases with extensive synovial mem-
brane proliferation and/or adhesions.21

Prognosis

Prognosis is good for return to athletic use if the tendon alone is
involved. Concomitant tarsal sheath synovitis, digital sheath
synovitis, and navicular bursitis need to be aggressively
managed or they may prove to be the limiting factor(s) in future
athletic performance. If not aggressively treated, DDF tendinitis
and synovial sheath synovitis can progress to massive adhesions
and a non-functional limb over time (Fig. 20.6).

Fig. 20.5
Ultrasonographic image of impar ligament
desmitis showing swelling, loss of echogenicity
and a fair fiber pattern.The impar ligament
origin on the navicular bone is to the left and
its insertion on distal phalanx is to the right on
the long-axis (left-hand) view.
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Etiology and pathophysiology

The DDF tendon acts to keep the third phalanx/toe of the
hoof from overextending and actively participates in flexion
of the limb during the swing phase of locomotion through
contraction of the DDF muscle. Factors that place excess load
on the tendon include the following.

● Muscle fatigue, placing increasing load on the much smaller,
tendinous portion of the muscle/tendon unit, poor hoof con-
formation/shoeing or lameness in another limb.

● Once a few fibers are damaged, strength is reduced and the
tendon is predisposed to further fiber rupture with contin-
ued work.

● Hemorrhage at the site of ruptured fibers and associated
inflammatory mediator release cause further fiber damage
either through compression by hematoma expansion or
the detrimental effects of inflammatory products.

Athletic performance deteriorates in horses with DDF ten-
dinitis due to initial lameness, followed by prolonged tendon
weakness during the recovery phase. If excessive exercise is
attempted while the tendon is relatively weak, the risk of
tendon reinjury is high, leading to a repetitive syndrome of
repeated short periods of acute lameness followed by longer
periods of inability to perform regular work. If the tendon is
damaged repeatedly, fibroblast damage occurs (tendinosis),
resulting in inability to generate repair collagen.

Prevention

DDF tendinitis prevention consists of:

● increasing workload gradually rather than abruptly. A 5%
increase in workload per week is generally a safe guideline

● being attentive to hoof conformation and shoeing to avoid
a long toe, low heel configuration and to prevent a break in
pastern/hoof axis

● early recognition and treatment of other lameness to
prevent compensatory tendon overload

● recognition that ‘heel pain’ may be due to excess strain on
the DDF and that navicular bursitis my lead to secondary
adhesions between the bursa and the DDF, leading to DDF
damage.

Accessory ligament of the
deep digital flexor tendon
desmitis

Recognition

History and presenting complaint

Desmitis of the accessary ligament (AL) of the deep digital
flexor tendon (DDFT) is usually observed in horses that are
starting into regular work if the condition is developmental
or in middle-aged horses (12–16 years) which have been in
regular use, particularly as jumpers.

AL desmitis can also occur secondary to moderately severe
to severe SDF tendinitis, if the SDF tendon becomes
sufficiently enlarged to contact the medial and lateral borders
of the AL. Adhesions may subsequently develop which cause
AL inflammation and damage.22

Physical examination

Grade 2–3 out of 5 lameness is present and is usually persist-
ent. Heat, swelling and pain are felt on palpation, most often
at the AL/DDF junction in the palmar/lateral midmetacarpal
region. AL desmitis occurs less frequently at the origin of the
ligament.

Deep flexor tendon

Adhesions in tarsal sheath

Fig. 20.6
Tarsal sheath severe chronic synovitis with
adhesions to a thickened, fibrous DDF tendon.
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Differential diagnoses include DDF tendinitis and suspen-
sory ligament desmitis. The AL is often damaged at the mid-
metacarpal level, where its fibers join those of the DDF
tendon.

Special examination

A high two-point nerve block (lateral and medial palmar
nerves) should ablate the lameness and will confirm that the
lameness is localized to the metacarpal region.

Diagnostic ultrasonography will reveal AL enlargement,
loss of echogenicity and deterioration of fiber pattern23 and
reveal if there is any contact with the borders of the SDF
tendon. The DDF tendon may be completely encircled and
compressed by the SDF and the AL and may be an additional
source of the chronic pain often associated with AL desmitis
(Fig. 20.7).

Treatment and prognosis

Therapeutic aims

To control inflammation and prevent further ligament injury
either directly, through fiber swelling and inflammatory
mediators, or indirectly through further exercise. To provide
adequate ligament support, primarily through shoeing. To
provide adequate rest followed by graduated exercise to allow
for optimum ligament healing.

Therapy

For general therapy please refer to the section on SDF medical
therapy (pp 415–416).

Surgical desmotomy of the AL is a final option. The client
must commit to a full 6–10 month healing process. Within 

4 weeks of surgery granulation tissue will fill the gap between
the resected AL ends. The AL will initially be 2–4 times
normal size, then over months of rehabilitation ligament
repair will occur, with a functionally lengthened and healed
AL if surgery and rehabilitation have been successful.24–27

AL desmotomy in weanlings to correct contracted tendon/
club foot syndrome should be followed by a controlled
exercise program. It is possible for the horse to develop
clinical signs of desmitis when the partially healed ligament
is subjected to the forces generated by athletic training years
later.

Prognosis

Prognosis is fair for return to athletic use. The AL causes
more long-term lameness than other tendon/ligament
injuries.25,28 Often diagnosis is delayed until AL desmitis is
chronic and severe, which limits the potential for healing.
Horses with AL desmitis respond most favorably to a gradual
return to work, often with 4–5 days of work maximum with
rest days in between. Breakdown of adhesions between the
AL and the SDF tendon may cause transient pain. If the pain,
heat and swelling do not respond to 3–4 days of ice, NSAIDs
and walking, an ultrasonographic examination is indicated
to assess the AL for reinjury.

Etiology and pathophysiology

Factors which cause contracted tendons in foals, such as con-
genital malformation,29 diet and exercise, contribute to AL
desmitis, as this ligament is part of the affected DDF/AL
complex. Chronic overuse of the AL due to hyperextension 
of the limb during athletic work is a second predisposing
factor in the older horse, as are changes in biomechanical
properties due to the aging process.30

Fig. 20.7
Ultrasonographic image of SDF/AL adhesion
compressing the DDF tendon.The 
cross-sectional area #1 indicates the SDF,
cross-sectional area #2 indicates the AL.



Prevention

We are currently unable to detect excess tension on the AL
prior to inflammation resulting in pain, heat and swelling.

Prevention of AL desmitis hinges primarily on very careful
hoof balance, as many horses with AL desmitis have had
long-term high heels on the affected limb and low heels on
the opposite limb. Over time this condition tends to become
more pronounced.

This condition may have been initiated when the patient
was a foal, therefore careful attention to hoof trimming in the
foal is a primary preventive step. Attempting to lower the
high heel substantially often results in acute AL pain which
may be quite severe. It is preferable to raise low heels on the
opposite limb until the foot/pastern axis is balanced and then
very gradually lower the high heels.

Suspensory ligament
desmitis

Recognition

History and presenting complaint

Suspensory ligament (SL) desmitis is seen most frequently in
horses that trot for long periods of time, such as Standardbred
race horses, endurance horses and dressage horses. Often,
pain, heat, swelling and lameness are noted 1–3 days following
hard work or competition. Lameness may resolve quickly fol-
lowing the use of NSAIDs, cold therapy and rest, only to return
when the horse is worked vigorously again. Hindlimb SL desmi-
tis is often mistaken for disease of the distal tarsal joints.
Treatment of the distal intertarsal and tarsometatarsal joints
with steroids may reduce inflammation of the SL temporarily
and cause reduction of clinical signs until further SL damage
occurs. The complaint with these patients is often that ‘they
only respond short term to hock injections’.

Physical examination

Grade 1–3 out of 5 lameness is observed and is often inter-
mittent or transient. The SL branches are readily palpated for
pain, heat and swelling. The SL origin and body, particularly
in the hindlimb, are nestled between MCII-III-IV (MTII-III-IV)
and are covered superficially by the flexor tendons, so may
only reveal clinical signs on careful deep palpation.

It is helpful to differentiate between hock joint pain and SL
damage to compare the horse’s response to hindlimb flexion
and to deep pressure on the SL body with the heel off the
ground but without limb flexion (Fig. 20.8). Rarely, the
extensor branches of the SL are injured, resulting in pain,
heat and swelling of the affected branch in the dorsolateral or
dorsomedial pastern. Differential diagnoses include DDF/AL
damage, metacarpophalangeal joint or collateral ligament
injury and tarsal joint disease.
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Special examination

Median and ulnar nerve blocks will provide forelimb anal-
gesia with suspensory desmitis.3,31,32 In the hindlimb, inter-
pretation of nerve blocks is complicated by the potential for
anesthesia of the proximal SL and the tarsal sheath when
using a high plantar nerve block33 or, conversely, the possibil-
ity of blocking the proximal SL when using a tarsometatarsal
joint block.

Radiographic examination of the proximal metatarsus/
metacarpus and the tarsus or carpus respectively will help
determine if there is concomitant joint disease. Also, changes
in proximal metatarsus/metacarpus bone density may indi-
cate abnormalities at the suspensory origin.

Diagnostic ultrasonography will reveal enlargement of the
SL, loss of normal echogenicity and deterioration of fiber
pattern.34–36 To fully examine the origin/proximal SL body in
the hindlimb, it is necessary to place the ultrasound probe in

Fig. 20.8
Pressure being placed on the proximal hind SL on the medial
aspect of the proximal third metatarsal bone.



a line just below the ‘chestnut’ and to aim in a dorsolateral
direction, otherwise the large proximal portion of MTIV
obscures half or more of the SL.

Treatment and prognosis

Therapeutic aims

To control inflammation and prevent further ligament 
injury either directly, through ligament reduction of fiber
swelling and inflammatory mediators, or indirectly through
further exercise. To provide adequate ligament support, pri-
marily through shoeing. To provide adequate rest followed 
by graduated exercise to allow for optimum ligament 
healing.

Therapy

For general therapy please refer to the SDF tendon section 
(pp 415–416).

Suspensory ligament injuries respond very favorably to the
provision of caudal heel support through the use of an egg
bar shoe that extends to the level of the heel bulbs. Horses
which stride up to the front feet with the hind feet can wear
bell boots to deter shoe pulling. Many horses tolerate egg bars
sufficiently well to wear them through the rehabilitation
phase and on into return to competition.

Particularly in the first 2 weeks following injury, ‘splitting’
using an 18 gauge needle and ultrasound guidance is 
effective for decompression of lesions in the proximal SL 
body.

Prognosis

Prognosis is good for return to athletic use.

Etiology and pathophysiology

See above.

Prevention

The suspensory ligament functions with the SDF tendon to
prevent the fetlock from extending to the ground during
stance phase. Tendon and ligament respond to appropriate
training by increasing in strength.37 Ensuring that the equine
athlete is trained in a stepwise consistent program, gradually
building in difficulty, so that muscle fatigue never becomes
sufficient to transfer the bulk of the horse’s force on to the
much smaller tendons and ligaments, is the best prevention
for ligament injury. As in human athletes, a history of rapidly
increasing work intensity, particularly upon return to work
from another injury or as a young horse enters work or a new
training situation, is commonly found as a precursor to liga-
ment or tendon injury.

The second group of athletes which sustain ligament
injury are the horses which regularly train using a repetitive

protocol; for example, a mature dressage horse which often
works 1–2 hours 6 days per week and which repeats the same
maneuvers many times each exercise session. This horse, likely
working in a balanced fashion on fore- and hindlimbs, subjects
his hind suspensory ligaments to wear and tear injury.
Prevention entails cross-training such as hacking on a long rein
1–2 times per week and having a complete rest day, with harder
work interspersed between training days. This allows for repair
of microdamage to the SL incurred on training days.

Long plantar ligament 
desmitis (curb)

Recognition

History and presenting complaint

Swelling along the plantar/lateral aspect of the calcaneus to
the proximal aspect of MTIV is observed. Long plantar liga-
ment (LPL) desmitis most frequently occurs in Standardbred
race horses and in jumpers. Differential diagnoses include
SDF tendinitis and subcutaneous swelling due to trauma.

Physical examination

Grade 1–2 out of 5 lameness is observed and is often transient.
Pain, heat and swelling on palpation of the ligament are found.

Special examination

Diagnostic ultrasound will reveal enlargement, loss of
echogenicity and deterioration of fiber pattern.

Treatment and prognosis

Therapeutic aims

To control inflammation and prevent further ligament injury
either directly, through fiber swelling and inflammatory
mediators, or indirectly through further exercise. To provide
adequate ligament support, primarily through shoeing. To
provide adequate rest followed by graduated exercise to allow
for optimum ligament healing.

Therapy

For general therapy please refer to the SDF tendon section 
(pp 415–416). The LPL is not a weight-bearing tendon so it
can be more readily rested. Generally LPL desmitis healing 
is sufficiently complete in 4–5 months to allow return 
to work.

Prognosis

Prognosis is excellent for return to athletic use.
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Long digital extensor 
tendinitis

Recognition

History and presenting complaint

This injury is often seen in horses which jump solid fences
such as steeplechase or eventing competitors. The usual pre-
senting complaint is of swelling over the dorsal surface of
MTIII and intermittent lameness.

Physical examination

Grade 1–2 out of 5 lameness. Pain, heat and swelling are 
felt on palpation of the long digital extensor tendon. Dam-
age may extend into the lateral digital extensor tendon 
as well.

The long digital extensor tendon has a synovial sheath on
the dorsum of the tarsus; this may also be involved, filling
with hemorrhage, excess synovial fluid, synovial proliferation
and adhesions.

Special examination

Diagnostic ultrasound will reveal enlargement of the tendon,
loss of echogenicity and deterioration of fiber pattern.
Synovitis of the tendon sheath will also be seen, if present, as
excess fluid with an increased cell content, synovial pro-
liferation and/or adhesions (Fig. 20.9).

Treatment and prognosis

Therapeutic aims

To control inflammation and prevent further tendon injury
either directly, through fiber swelling and inflammatory
mediators, or indirectly through further exercise. To provide
adequate tendon support, primarily through shoeing. To
provide adequate rest followed by graduated exercise to allow
for optimum tendon healing.

Therapy

For general therapy please see the section on SDF tendinitis
treatment (pp 415–416).

As extensor tendons are located on the dorsal surface of
the bony column of the limb, they do not bear the brunt of
the horse’s weight as flexor tendons do. This allows the exten-
sor tendons to rest and healing occurs more quickly than in
flexors, generally being sufficiently complete in 4–6 months
to allow return to work.

The extensor tendon sheath, if affected, should be treated
at the time of diagnosis with intrathecal injection of anti-
inflammatory medication such as hyaluronic acid.

Extensor tendon injuries are often associated with skin
wounds or dermatitis secondary to hitting solid fences. These
must be treated vigorously to reduce local inflammation and
allow tendon healing to progress.

Prognosis

Excellent for return to athletic use.

Fig. 20.9
Ultrasonographic image of LDET sheath effusive
synovitis.The cross-sectional area #1 indicates
the LDET, cross-sectional area #2 indicates the
surrounding sheath filled with hypoechoic fluid.



Prevention

As extensor tendon injuries are often associated with a direct
blow to the limb from a fence, the most practical prevention is
protective boots for the dorsal surface of MTIII.

Common digital extensor
tendinitis

Recognition

History and presenting complaint

See long digital extensor tendinitis (above). Long digital
extensor tendinitis, as well as tendon laceration, is far more
frequently encountered than common digital extensor
tendinitis.38

Physical examination

Grade 1–2 out of 5 lameness is observed and is often tran-
sient and intermittent. Pain, heat and swelling are felt on pal-
pation. The tendon sheath on the dorsal surface of the carpus
may also be warm, swollen and sensitive to palpation.

Special examination

Diagnostic ultrasound will reveal enlargement of the tendon,
loss of echogenicity and deterioration of fiber pattern. Synovitis
of the tendon sheath will also be seen, if present, as excess, often
cellular fluid, synovial proliferation and/or adhesions.

Treatment and prognosis

See long digital extensor tendinitis (above).

Straight sesamoidean 
ligament desmitis

Recognition

History and presenting complaint

Desmitis of the straight sesamoidean ligament (SSL) is
usually seen in horses which twist and turn as part of their
sport, such as eventers and cutting horses, or which work on
uneven ground, such as endurance horses. This injury also
occurs fairly frequently in pasture.

Physical examination

Grade 2–3 out of 5 lameness is observed. Pain, heat and
swelling are encountered on palpation of the palmar/plantar

aspect of the flexed limb. Differential diagnoses include other
sesamoidean ligament injury, collateral ligament damage or
pastern joint disease.

Special examination

Nerve block at the abaxial sesamoid level will greatly improve
or ablate the lameness. Radiographs may reveal bone
changes at the site of SSL origin at the base of the sesamoid
bones or, more commonly, at the insertion on palmar P2.
Diagnostic ultrasound will reveal enlargement, loss of
echogenicity and deterioration of fiber pattern. A wedge of
muscle tissue located at the SSL insertion on P2 can ap-
pear to be a lesion. Placing the limb in strong extension will
compress the muscle, while a true lesion will remain
unchanged.

Treatment and prognosis

Therapeutic aims

To control inflammation and prevent further ligament injury
either directly, through fiber swelling and inflammatory
mediators, or indirectly through further exercise. To provide
adequate ligament support, primarily through shoeing. To
provide adequate rest followed by graduated exercise to allow
for optimum ligament healing.

Therapy

For general therapy please refer to the SDF tendon section 
(pp 415–416).

Caudal heel support through the use of an egg bar shoe 
to the level of the heel bulbs is very helpful for this 
injury.

Prognosis

Prognosis is good for return to athletic use.

Etiology and pathophysiology

Torsion of the foot/pastern produces excessive force on the
pastern ligaments if:

● the horse is fatigued and muscle contraction is not assist-
ing normally in foot/pastern placement

● the fetlock is sinking excessively during weight-bearing
phase due to long toe, low heel foot conformation, muscle
fatigue or uneven footing.

Prevention

Balanced shoeing appropriate for the terrain and a well-
conditioned horse that does not fatigue excessively during
competition are the best prevention.
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Oblique sesamoidean 
ligament desmitis

Recognition

History and presenting complaint

Oblique sesamoidean ligament (OSL) desmitis is usually seen
in horses which twist and turn as part of their sport, such as
eventers and cutting horses, or which work on uneven
ground, such as endurance horses. This injury also occurs
fairly frequently in pasture.

Physical examination

Grade 2–3 out of 5 lameness is observed, usually persistent.
Pain is elicited on palpation of the affected branch from the
base of the sesamoid bone to palmar PI.

Differential diagnoses include other sesamoidean liga-
ment injury, collateral ligament damage or pastern joint
disease.

Special examination

Nerve block at the abaxial sesamoid level on the affected side
will improve or ablate the lameness. Radiographs may reveal
bony changes at the base of the sesamoid or at OSL insertion
on palmar (plantar) P1. Diagnostic ultrasound will reveal
enlargement, loss of echogenicity and deterioration of fiber
pattern.

Treatment and prognosis

See straight sesamoidean ligament (above).

Collateral ligament 
desmitis of the
metacarpophalangeal/
metatarsophalangeal,
proximal interphalangeal
joints and distal 
interphalangeal joints

Recognition

History and presenting complaint

Usually seen in horses which twist and turn as part of their
sport, such as eventers and cutting horses, or which work on
uneven ground, such as endurance horses (Fig. 20.10). This
injury also occurs fairly frequently in pasture.

Physical examination

Grade 2–4 out of 5 lameness is observed. Pain, heat and
swelling are palpable on the affected ligament. Palpation is
easiest when the distal limb is flexed. Signs of joint inflamma-
tion (distended joint and pain on flexion) will be present in
acute cases. In chronic cases, osteoarthritis may be present,
resulting in reduced flexion and a thickened joint capsule.39

A low four-point nerve block (medial and lateral palmar/
plantar and palmar/plantar metacarpal/metatarsal nerves)
greatly improves or ablates the lameness at the level of the
fetlock and distal and the abaxial sesamoid block will improve
or ablate lameness at the level of the proximal inter-
phalangeal joint. Intra-articular anesthesia generally
improves, but does not ablate the lameness.

Fig. 20.10
An endurance horse in competition in the Tevis
Cup (100 mile).
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Special examination

Stress radiographs may reveal medial/lateral joint laxity if
damage results in significant ligament laxity. Bony abnormal-
ities at the origin of the collateral ligaments or insertion may
be detected. Diagnostic ultrasound will reveal ligament
enlargement, loss of echogenicity and loss of normal fiber
pattern. The insertion of the collateral ligaments of the distal
interphalangeal joint cannot be evaluated using ultrasound
because of the interposition of the hoof capsule.

Treatment and prognosis

Therapeutic aims

To control inflammation and prevent further ligament injury
either directly, through fiber swelling and inflammatory
mediators, or indirectly through further exercise. To provide
adequate ligament support, primarily through shoeing. To
provide adequate rest followed by graduated exercise to allow
for optimum ligament healing.

Therapy

For general therapy please refer to the SDF tendon section 
(pp 415–416).

Shoeing with a 1–2 ″ extension at the midquarter of the
affected side of the hoof will provide support and make 
the horse more comfortable, as well as reducing stress on 
the collateral ligament. Shoeing in this manner may be
difficult to maintain if the medial collateral ligament is
damaged, as the horse may tend to pull the shoe with the
opposite foot. Large bell boots may be helpful in preventing
this. Shoeing should be maintained for 4–6 months.
Extensions may be decreased to 1–4″ inch as clinical and ultra-
sonographic signs improve.

Horses with collateral ligament damage may be lame for
up to 90 days following injury. Confinement and regular
hand-walking exercise are essential.

Often the joint develops synovitis or capsulitis following this
type of injury; treatment of the joint with intra-articular
hyaluronic acid, as well as intramuscular polysulfated gly-
cosaminoglycan (PSGAG) therapy and oral glucosamine, are
helpful to relieve joint inflammation. If there has been hemor-
rhage into the joint, the horse may be in extreme pain and the
joint may need to undergo lavage to rid it of inflammatory
products. In cases of complete rupture, surgical repair of the
ligament may be necessary.40,41

Prognosis

Prognosis is good for return to athletic use.

Prevention

Balanced shoeing which provides adequate foot support is an
important preventive measure. A well-conditioned horse will
withstand the stresses imposed in competition with less
chance of injury than a poorly conditioned horse.

Biceps brachii tendinitis/
bicipital bursitis

Recognition

History and presenting complaint

The injury often occurs due to being kicked by another horse
or by hitting a solid object such as a fence. Stress injuries are
uncommon.

Fig. 20.11
Ultrasonographic image of biceps
tendinitis/bicipital bursitis.The short-axis (right-
hand) view arrows are indicating synovial
proliferation in the bursa.



426
Musculoskeletal system

Physical examination

Pain on palpation of the biceps tendon is usually evident. A
tendency to stand with the affected limb slightly caudal to the
normal one is frequently seen. Pain on extension of the
tendon and compression of the bicipital bursa by pulling the
limb caudally may also be seen.

Special examination

A radiographic skyline view will reveal concomitant humeral
tubercle injury/pathology. Diagnostic ultrasound will reveal
tendon enlargement, loss of echogenicity and fiber pattern.42

Bicipital bursitis is almost always seen concomitantly. Excess
fluid (greater than 3 mm depth) will be seen. The fluid will be
anechoic if there is effusive synovitis present or hypoechoic if
it is in the early proliferative phase. Adhesions, if present,
may be seen between the bursa and the biceps tendon 
(Fig. 20.11).

Treatment and prognosis

Therapeutic aims

See section on SDF tendon (pp. 414–415).

Therapy

For general therapy, please see the section on SDF treatment
(pp 415–416).

Bicipital bursitis, if present, should be treated as soon as it
is recognized. Initial treatment should be made with intrathe-
cal hyaluronic acid to prevent adhesion formation and relieve
inflammation. The bursa can be readily accessed using a 19
gauge 11–2 ″ needle under ultrasound guidance and con-
firmation of injection into the bursa can be recorded 
(Fig. 20.12). Often 2–4 injections are required over a period
of 4–6 months to resolve the synovitis. As tendon healing
progresses, a steroid may be added to hyaluronic acid to

Fig. 20.12
Ultrasound-guided bicipital bursa injection.
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increase the anti-inflammatory effect. Physical therapy, such as
massage and therapeutic ultrasound to relieve biceps muscle
spasm and improve comfort, tends to improve healing.

Prognosis

Chronic biceps tendon/bursa injuries with scar tissue and
adhesions respond poorly to treatment, with approximately
25% of such cases returning to athletic use. Early detection
of the injury combined with aggressive medical and physi-
cal therapy improves the prognosis to 70% return to ath-
letic use.

Etiology and pathophysiology

Direct crushing of the tendon against the humeral tubercles
is the most common etiology for biceps brachii damage and
concomitant bursitis.

Prevention

This injury is often due to an accident such as a fall or a kick.

Ligament of the dorsal
spinous processes

Recognition

History and presenting complaint

Horses with this problem often present with sore or cold
backs. They also often resent being saddled or mounted or
refuse to jump or to take up a gait, usually the canter. This
injury can be seen in any type of equine athlete.43,44

Physical examination

Pain on palpation of the affected portion of the dorsal
spinous ligament is evident.

Special examination

Radiographs of the dorsal spinous processes may reveal
concomitant osteoarthrosis. Diagnostic ultrasonography
will reveal enlargement, loss of echogenicity and deteriora-
tion of the normal fiber pattern of the affected dorsal
spinous ligament.

Treatment and prognosis

Therapy

For general therapy please refer to the section on SDF 
treatment (pp 415–416).

Horses with dorsal spinous ligament damage may require a
prolonged period of exercise such as ponying or walking and
trotting on an exerciser before being worked under saddle.

Prognosis

Prognosis is good for return to athletic use.

Ligaments of the tuber
sacrale

Recognition

History and presenting complaint

Jumpers are particularly susceptible to this injury. Signs may
also develop after a fall, either in work or loose in pasture.
Horses are usually presented for evaluation of a ‘bump’ at the
croup (sacroiliac region) or changes in gluteal muscle
balance.

Physical examination

Persistent grade 1–3 out of 5 lameness is observed. The tuber
sacrale are often uneven when viewed from behind the horse
due to concomitant sacroiliac joint subluxation and/or
crushing of the tuber sacrum. There is often gluteal wasting
of the affected limb.

Special examination

Diagnostic ultrasonography will reveal enlargements, loss of
echogenicity and deterioration of fiber pattern of the affected
ligament(s).

Treatment and prognosis

See dorsal spinous process ligaments.

Gastrocnemius (achilles)
tendinitis

Recognition

History and presenting complaint

Achilles tendon damage is often seen after a fall or after
having the hindlimb trapped in a fence or gate.

Physical examination

Persistent grade 1–3 out of 5 lameness is observed. Pain, 
heat and swelling of the affected portion of the tendon are
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palpable. The tarsus will be dropped if sufficient damage of
the tendon has occurred.

Special examination

A tibial nerve block will improve the lameness.45 Diagnostic
ultrasound will reveal enlargement, loss of echogenicity and
deterioration of fiber pattern. The tendon is seen proximally
as two muscular heads, which join at the musculotendinous
junction. Just proximal to the tarsus the gastrocnemius
tendon twists from its position superficial to the SDF tendon
and becomes deep to it.

Treatment and prognosis

Therapy

For general therapy please see the section on SDF tendinitis
(pp 415–416). Core lesions, if seen, can be decompressed
effectively in the acute stage (less than 2 weeks) using ultra-
sound guidance.

Prognosis

Prognosis is fair to good for return to athletic use.

Prevention

This is usually an accidental injury.

Digital sheath syndrome

Recognition

The digital sheath is a complex synovial structure46,47 which
surrounds the superficial (SDF) and deep (DDF) flexor
tendons from proximal to the fetlock joint distally to mid-
pastern. Normally, the synovium secretes a small amount of
fluid which promotes gliding of the flexor tendons around the
palmar/plantar aspect of the fetlock joint. With inflamma-
tion the sheath can become greatly distended, reaching to
midmetacarpus proximally and/or ‘herniating’ palmar to the
SDF tendon on the midline.

History and presenting complaint

Generally, digital sheath (DS) synovitis presents as a cumula-
tive wear and tear type of injury which progresses over time.
Horses have often been in hard work for a period of time and
progress from a non-painful blemish to a syndrome that
causes gradual lameness.

Physical examination

Clinical signs of digital sheath synovitis reflect the degree of
inflammation, which is divided into three stages. It is not
uncommon for athletic horses to present with mild to moder-
ate effusion of the digital sheaths (stage 1 synovitis) of both

Fig. 20.13
Digital sheath, showing distention of the lateral
pouch.
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forelimbs, both hindlimbs or all four limbs. Often, sheath
distension decreases following exercise. The distension is
fluidly fluctuant on palpation. The patient is sound, non-
painful to sheath palpation and negative to fetlock flexion.
The lay term often used to describe stage 1 DS synovitis is
‘wind-puffs’.

If synovitis progresses from the effusive stage to synovial
proliferation (stage 2), clinical signs include mild to moderate
lameness. This is often first seen as an attempt by the horse to
guard the affected sheath by failing to fully extend the fetlock,
manifested as a decreased drop in the fetlock during the
stance phase of gait in comparison to the opposite fetlock.
The digital sheath will feel firm rather than fluid on palpation
and one aspect of the sheath, usually the lateral aspect, 
will be more distended (Fig. 20.13). The horse will be posi-
tive to fetlock flexion, as this maneuver compresses the
sheath.

If synovitis progresses to stage 3, synovial proliferation
and inflammatory product secretion may cause the patient to
be severely lame.48 The horse will be reluctant to place the
heels of the foot on the ground and may not tolerate fetlock
flexion. The digital sheath will be distended, painful and firm
on palpation.

Often, stage 2 and stage 3 digital sheath synovitis are
accompanied by damage to either the superficial or deep
flexor tendons.49 This is probably due to the same wear and
tear process that caused sheath synovitis. The synovitis
advances by prolonged exposure to inflammatory mediators
circulating in the sheath, being compressed by synovial
proliferation and, finally, due to active pulling on the tendons
by adhesions within the sheath. Palmar annular ligament
(PAL) desmitis, likely due to chronic stretching of the liga-
ment by the distended digital sheath, may result in a thick-
ened PAL50 which further compresses the digital sheath,
causing a cycle of increasing inflammation, swelling and
constriction.

Special examination

Low four-point nerve block will improve/ablate lameness.
Ultrasonographic examination of stage 1 synovitis reveals a
moderate amount of fluid in the affected sheath(s), with no
evidence of synovial proliferation or adhesions between the
tendons and sheath walls.

Ultrasonographic examination of stage 2 synovitis will
reveal distension of the sheath with fluid and proliferative
synovium. Proliferative tissue may also begin to cover the
surfaces of the flexor tendons. Ultrasonographic examination
of stage 3 synovitis will reveal extensive synovial prolifera-
tion, often covering the surfaces of the flexor tendons, and
one or more adhesions between the tendons and the sheath
wall (Fig. 20.14). At any stage, but particularly in stages 2
and 3, SDF, DDF or PAL pathology may also be observed.

Treatment and prognosis

Therapeutic aims

Inflammation of the digital sheath should be vigorously
treated to reduce excessive synovial proliferation and the
onset of restrictive scar formation.

Therapy

Treatment of stage 1 synovitis is medical and may consist of
3–4 weeks of rest, anti-inflammatory medication, cold
hosing/icing of the affected limb(s), administration of intra-
muscular PSGAG (more effective for this syndrome than
hyaluronic acid) and supplementation with oral glu-
cosamine. Foot balance should be checked and lameness in
any other limb should be recognized and treated.

Treatment of stage 2 synovitis includes the above plus
injection of the affected sheath with hyaluronic acid51

(Fig. 20.15), followed by 2–3 weeks of rest (confinement plus

Fig. 20.14
Ultrasound image of DS synovitis with
adhesions, as indicated by the arrows in the
short-axis (right-hand) view.
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hand-walking). Patients that do not respond promptly and fully
to medical treatment require tenoscopy to remove excess pro-
liferative synovial tissue and adhesions. The PAL may be
resected52 tenoscopically at this time to provide relief from
compression.

Treatment of stage 3 synovitis requires medical and surgi-
cal treatment, as outlined above for stage 2.
Surgical intervention In cases with thickening and con-
striction of the annular ligament, some portion of the surgery
must be designed to relieve the restrictive effects of this struc-
ture. Resection of the PAL53,54 will temporarily interrupt the
inflammatory cycle but regrowth of the ligament is inevitable
and unless the primary problem of synovitis is corrected, the
end result will be a progressively more painful sheath that has
distended to meet its new dimensions following PAL resection.

Tenoscopic exploration will detect abnormalities of the
tendon sheath, superficial digital flexor tendon, deep digital
flexor tendon and intersesamoidean ligament (Fig. 20.16).
Proliferative masses can be removed with the assistance of a
radiofrequency debrider. Adhesions present between the
tendons and the tendon sheath are also debrided.

Paramount to the success of this procedure is the strict
adherence to an aggressive postoperative protocol, including
medical therapy as outlined above, for a period of weeks fol-
lowed by a clinical and ultrasonographic re-evaluation.

Prognosis

Prognosis for stage 1 synovitis is good. As long as the horse is
in full athletic use, medical treatment may be required to
prevent progression to stage 2 synovitis. Prognosis for stage 2
synovitis is good for full athletic work, if appropriate treat-
ment is performed in a timely manner.52 Prognosis for stage 3
synovitis is fair for full athletic use. Without treatment, these
patients may progress to lameness even at a walk.

Etiology and pathophysiology

Either acute direct trauma or overextension of the fetlock can
cause hemorrhage into the sheath space that initiates a
marked inflammatory reaction. Alternatively, repetitive

Fig. 20.15
Digital sheath injection.
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fetlock extension over time results in an ongoing inflamma-
tory process.
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horses. However, reports of their incidence are limited to a
survey from general practice in the United Kingdom in the
1960s that showed an incidence of only 0.9% in 6588
horses.3 This is probably an underestimate and no break-
down of these cases into the specific diagnosis was made, but
a later review of 443 horses with back problems did catego-
rize cases further into osseous, soft tissue and miscellaneous
disorders.4 Definitive diagnosis is often difficult due to vague
clinical signs and the lack of good pathological reports.5,6

This has inevitably resulted in widespread controversy
engendering many unsubstantiated opinions, which only
increase the state of confusion. Much of this controversy has
resulted from the general dearth of knowledge of the func-
tional aspects of the equine thoracolumbar spine and
scientific studies on the pathogenesis of back problems in
horses. It is also clear that many horses perform poorly
without an underlying back problem and many other horses
perform surprisingly well in spite of one. In recent years there
has been an encouraging progression of studies and bio-
mechanical research to improve this situation.7–12 There is
also much more willingness for those involved with tra-
ditional methods of clinical medicine to work closely along-
side those involved with spinal manipulative therapy and

Introduction and historical
perspectives

Historical reports of back disorders in horses provide few firm
facts from the many lengthy accounts in old farriery and vet-
erinary textbooks. In 1876 Lupton remarked that back
injuries ‘are among the most common and least understood
of equine afflictions’.1 In those days diagnosis was based
simply on clinical observation (Fig. 21.1) and the opinions
expressed were many and varied. These early writers were
often excellent horsemen and were particularly knowledge-
able on aspects of conformation. In relation to the incidence
of spinal damage, Youatt believed that the short-backed horse
showed less tendency to back problems and could be expected
to carry more weight and possess greater endurance, but it
did not have much potential for speed.2 The long-backed
horse was built for speed but was much more prone to weak-
ness when ridden. Conformationally correct horses should
have a gentle ventral curve immediately behind the withers,
followed by a straight line to the lumbar region. An increase
in this vertebral curvature (i.e. lordosis, saddle-backed, sway-
backed) would increase the tendency to weakness and strain.
Dorsal curvature (roach-back), however, was considered to
be a more severe defect, which seriously impaired usefulness
and performance.

Back problems in horses cause a considerable degree of
wastage and lost performance in almost all types of athletic
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A test for rick of the back (from reference1).
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complementary medicine.13 The purpose of this chapter 
is to try and combine all these aspects for the benefit and
treatment of suspected cases of back pain.

Anatomic and functional
considerations

Thoracolumbar vertebral column

Individual vertebrae are connected by an intricate system of
ligaments and musculotendinous structures that provide sta-
bility while at the same time supporting movement of the ver-
tebral column. The three principal mechanical functions of
the vertebral column are:

1. protection of the spinal cord and associated nerve roots
(i.e. vertebral arch)

2. providing support for weight bearing and soft tissue
attachment (i.e. vertebral body and vertebral processes)

3. maintaining movement for flexibility and locomotion (i.e.
articulations, ligaments, and muscles).

The equine thoracolumbar vertebral region consists of an
average of 24 individual vertebrae, based on the typical ver-
tebral formula (C7, T18, L6, S5, Cd15–21).14 Variations in
the number of vertebrae within the thoracolumbar vertebral
region are common and are often compensated by a reduc-
tion or increase in the number of vertebrae in an adjacent
vertebral region.

Vertebral motion segment

The structural and functional unit of the vertebral column is
the vertebral motion segment. A vertebral motion segment

consists of two adjoining vertebrae and interposed soft tissue
structures (Fig. 21.2). The typical vertebra is characterized by
a vertebral body, vertebral arch and vertebral processes that
vary in each vertebral region according to structural and
functional demands. The vertebral body is a ventral cylindri-
cal structure covered dorsally by the vertebral arch, which
includes bilateral pedicles and laminae. Vertebral processes
include one spinous process, two transverse processes and
two pairs of cranial and caudal articular processes on each
vertebra. Mamillary processes are additional vertebral
processes found only in the thoracolumbar region that
provide added paraspinal muscle attachment sites. Dorsally,
the articular processes create bilateral synovial articulations
(i.e. zygapophyseal joints) that provide segmental stability
and mobility to the vertebral motion segment. Ventrally, the
vertebral bodies and intervertebral disks form fibrocartilagi-
nous joints that also provide segmental vertebral stability and
mobility. Additional connecting soft tissues include both
short and long spinal ligaments and muscles. The vertebrae,
vertebral articulations and ligaments are innervated segmen-
tally by sensory branches of the dorsal rami and recurrent
meningeal nerves. These nerves mediate nociception and
proprioception within the vertebral column.

The vertebral motion segments of the upper cervical
region (i.e. occiput-C1–C2) are a highly mobile, specialized
joint complex. The cervical vertebrae have rudimentary
spinous processes and characteristic transverse foramina for
the passage of vertebral vessels. The thoracic vertebrae are
characterized by tall spinous processes (highest at T4–6),
costal articulations and an anticlinal vertebra at T16. The
lumbar vertebrae have long, horizontally flattened transverse
processes and intertransverse joints in the caudal region
(L4–S1) that are unique to horses. The sacrum is usually
made up of five fused segments and has bilateral sacroiliac
joints for articulation with the pelvis. The caudal vertebrae
are characterized by progressively rudimentary vertebral
arches and vertebral processes.

Fig. 21.2
Sagittal section of the thoracic vertebral
region (T8–T14) demonstrating osseous
vertebral structures and supporting spinal
ligaments.
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Vertebral body and intervertebral disk

The vertebral bodies form the foundation on which the
remaining vertebral structures are placed. The cranial verte-
bral body is convex in shape and the caudal vertebral body is
concave (Fig. 21.2). Therefore, most equine intervertebral
joints resemble a ball-and-socket configuration, which pro-
vides stability without restricting mobility. Vertebral bodies
provide support for weight bearing, connective tissue attach-
ment and muscular attachment sites for the diaphragm and
psoas muscles in the lumbar vertebral region. The interverte-
bral disks connect adjacent vertebral bodies and together are
classified as fibrocartilaginous articulations. An interverte-
bral disk consists of an outer annulus fibrosus and central
nucleus pulposus. The nucleus pulposus is rudimentary in
the thoracolumbar vertebral regions compared to the cervi-
cal and caudal vertebral regions (Fig. 21.2). The dorsal and
ventral longitudinal ligaments, and the costovertebral liga-
ments, provide additional reinforcement to the periphery of
the intervertebral disk. The intervertebral disk is active in
weight bearing, axial shock absorption and maintaining ver-
tebral flexibility. The outer one-third of the intervertebral disk
is innervated by both proprioceptive and nociceptive fibers.

Spinous processes

The spinous processes project dorsally from the vertebral
arch and vary in size, shape and orientation in different ver-
tebrae and vertebral regions (Fig. 21.3). The spinous
processes function as a series of levers for muscle and liga-
mentous attachment that provide support and movement to
the vertebral column. Spinal extension and rotation are pro-
duced by contraction of muscles attached to the spinous
processes. The supraspinous ligament stabilizes the apex of
the spinous processes and aids in resisting excessive spinal
flexion. The spinous processes in the cranial thoracic verte-
bral region are angled caudally and elongated in the region of
T2 to T12 to form the withers. The cranial thoracic vertebral

region must resist forces produced by the head, neck and fore-
limbs, whereas the caudal thoracic and lumbosacral verte-
bral region has to resist significant forces associated with the
rear limbs and locomotion. The divergent spinous processes
of the lumbosacral junction produce a wide interspinous
space, compared with the adjacent interspinous spaces.15–17

The lumbosacral spinous process divergence supports an
increased range of motion at the lumbosacral junction
without the risk of spinous process impingement.

Articular processes

Two pairs of cranial and caudal articular processes arise dor-
solaterally from the vertebral arch. An articular surface on
the articular processes contributes to the formation of bilat-
eral synovial articulations (i.e. zygapophyseal joints). The
articular surfaces in the thoracic vertebral region lie horizon-
tally (i.e. dorsal plane) with the cranial articular surfaces
facing dorsally and the caudal articular surfaces facing ven-
trally. Vertebral motion in the thoracic vertebral region is
limited mostly to rotation and lateral flexion. The lumbar ver-
tebral region has articular surfaces that predominantly lie
vertically (i.e. sagittal plane). Vertebral motion in the lum-
bosacral vertebral region is limited mostly to dorsoventral
flexion. The articular processes function in support and
movement of the vertebral arch. The amplitude and direction
of segmental vertebral motion are related to the size, shape
and orientation of the articular surfaces and functional
status of the articulations.15,16,18 Regional and overall spinal
motion is due to the cumulative effects of small amounts of
segmental vertebral motion. The zygapophyseal joint capsule
has a dense outer fibrous layer, vascular central layer and an
inner layer consisting of the synovial membrane. The
zygapophyseal joint capsule is richly innervated with sensory
nerve fibers from the medial branch of the dorsal rami of
several adjacent nerve roots. Proprioception and nociception
are two important neurologic functions of the zygapophyseal
joints.19,20 Multilevel spinal innervation of the zygapophyseal
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Fig. 21.3
Transverse section at the T18 vertebral
region. Outline of the muscles represented
are: (1) iliocostalis, (2) longissimus,
(3) multifidi, (4) psoas major, (5) psoas
minor and (6) crus of the diaphragm.
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articulation produces non-localized pain patterns, which
contribute to the difficulty of identifying and localizing back
problems.21

Transverse processes

The transverse processes provide support and movement to
the vertebral column via muscular and ligamentous attach-
ments. Transverse processes are used as lever arms by the
deep spinal muscles to maintain posture and to induce rota-
tion and lateral flexion.21 In the thoracic region, the trans-
verse processes contain articular surfaces that contribute to
the costotransverse articulations. The lumbar vertebral
region has elongated, horizontally flattened transverse
processes that provide attachment sites for the large dorsal
paraspinal muscles and ventral psoas muscles. Species of the
genus Equus have intertransverse synovial articulations
between the transverse processes of the last two or three
lumbar vertebrae and at the lumbosacral junction.15,16

Biomechanically, the intertransverse joints aid in the transfer
of propulsive forces from the hindlimbs to the vertebral
column and provide resistance to lateral bending and axial
rotation of the spine.

Sacroiliac joint

The pelvis articulates with the vertebral column at bilateral
sacroiliac articulations, located at the junction between the
ventral wing of the ilium and the dorsal wing of the sacrum
(Fig. 21.4). Dynamically, the sacroiliac joints aid in locomo-
tion via transfer of hindlimb propulsive forces to the vertebral
column.22 The articular surfaces of the sacroiliac joint are
nearly flat and closely apposed to support gliding movements.
The sacroiliac joint is usually L-shaped with the convex
border directed caudoventrally. The sacroiliac joint capsule is
thin and closely follows the margins of the sacroiliac articu-
lar cartilage. The sacroiliac joint is supported by three bilat-

eral sets of strong sacroiliac ligaments that act to support
weight of the caudal vertebral column. The dorsal sacroiliac
ligaments, consisting of a dorsal and lateral portion, connect
the tuber sacrale to the sacrum. The interosseous sacroiliac
ligaments are the most robust of the sacroiliac ligaments,
spanning the space between the ventral wing of the ilium and
the dorsal wing of the sacrum. The ventral sacroiliac liga-
ments connect the ventral wings of the sacrum to the ilium.
The sciatic nerve, cranial gluteal nerve and cranial gluteal
artery and vein travel through the greater sciatic foramen,
immediately ventromedial to the sacroiliac articulation.

Spinal ligaments

A series of long and short spinal ligaments contribute to ver-
tebral column stability. Three separate longitudinal spinal
ligaments span the length of the vertebral column and
provide regional vertebral stability. The nuchal ligament in
the cervical vertebral region continues as the supraspinous
ligament in the thoracolumbar vertebral region and joins the
tips of the spinous processes. The dorsal longitudinal liga-
ment connects the dorsal vertebral bodies within the verte-
bral canal and acts to reinforce the intervertebral disk 
(Fig. 21.2). The ventral longitudinal ligament attaches to the
ventral vertebral bodies and blends with fibers of the inter-
vertebral disk. The short spinal ligaments interconnect indi-
vidual vertebral structures and function to protect the spinal
cord and to provide segmental vertebral stability. Inter-
spinous ligaments connect adjacent spinous processes. The
ligamenta flava span the space between adjacent vertebral
laminae. Specialized costovertebral and costotransverse liga-
ments provide additional stability to the thoracic vertebral
region and ribs. The intertransverse ligaments connect adja-
cent transverse processes in the lumbar vertebral region and
limit lateral flexion. The intervertebral disk can be considered
a specialized connective tissue structure that connects
adjacent vertebral bodies.
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Fig. 21.4
Transverse section at the lumbosacral and
sacroiliac articulations. Outline of the
muscles represented are: (1) gluteus medius,
(2) sacrocaudalis dorsalis, (3) iliopsoas
(psoas major and iliacus).The tuber sacrale
and the interosseous and ventral sacroiliac
ligaments are also shown.



Intrinsic spinal muscles

Muscles that attach only to the axial skeleton are consid-
ered intrinsic spinal muscles. The spinal musculature can
be categorized into epaxial or hypaxial muscle groups based
on their location compared with the transverse processes of
the vertebral column. The epaxial muscles lie dorsal to
transverse processes, are segmentally innervated by dorsal
branches of spinal nerves and produce spinal extension and
lateral flexion. Hypaxial muscles lie ventral to transverse
processes, are segmentally innervated by ventral branches
of spinal nerves and produce spinal flexion and lateral
flexion. The thoracolumbar fascia is an aponeurosis that
serves as an attachment site for many spinal and proximal
limb muscles. The thoracolumbar fascia is strong and
attaches to the thoracolumbar spinous processes and the
cranial edge of the ilial wing. The largest group of epaxial
muscles is organized into three parallel columns. These
include (from lateral to medial) the iliocostalis, longissimus
and spinalis muscle groups (Fig. 21.3). The iliocostalis
muscles are a thin muscle group that attaches to the angle
of the ribs and the tips of the lumbar transverse processes.
The longissimus muscles are by far the largest and longest
group of back muscles. These muscles primarily attach to
the dorsal spinous and transverse processes of the thora-
columbar vertebral region and the wing of the ilium and
help to support the weight of saddle and rider. The spinalis
muscles cover the lateral aspects of spinous processes of the
withers and may be compromised by a narrow saddle. The
transversospinalis muscle group is the deepest and most
medial muscle group (Fig. 21.3) and is largely composed of
multifidi muscles in the thoracolumbar vertebral region.
The multifidi muscle group is a series of short musculo-
tendinous units that originate from transverse, articular
and mamillary processes and insert on adjacent spinous
processes. These short muscles span 2–4 vertebrae and are
segmentally innervated by dorsal spinal branches.

The epaxial muscles produce spinal extension when acti-
vated bilaterally, and lateral flexion and rotation when acti-
vated unilaterally. Superficial muscle groups usually span one
or more vertebral regions, whereas deep spinal muscles
usually only span a few vertebrae.22 The spinal musculature
is important for movement, posture and flexibility. The
superficial spinal muscles are usually more dynamic and play
a role during regional vertebral motion, energy storage and
force redistribution during locomotion.22 Deep, short spinal
muscles have more of a static function and are active in seg-
mental stabilization, proprioception and posture.

Extrinsic spinal muscles

Muscles that have attachments on the proximal limbs and the
axial skeleton can be considered extrinsic spinal muscles (or
extrinsic limb muscles). The general function of the extrinsic
spinal muscles is to induce proximal limb motions required in
locomotion or to assist vertebral mobility, depending on
whether the vertebral column or limbs are held stationary

relative to each other. The shoulder girdle muscles can be cat-
egorized into dorsal or ventral muscle groups.23 The dorsal
muscles of the shoulder girdle act to suspend the forelimbs
from the neck and trunk. The dorsal shoulder muscles
include the brachiocephalicus, omotransversarius, trapezius,
rhomboideus, cutaneous trunci and latissimus dorsi. The
ventral muscles of the shoulder girdle function in suspending
the neck and trunk from the forelimbs. The ventral shoulder
muscles include the subclavius, superficial pectoral, deep
pectoral and serratus ventralis.

The pelvic girdle muscles are best characterized as cranial-
caudal and lateral-medial muscle groups.23 The cranial
muscles of the pelvic girdle function in hindlimb protraction
and hip flexion. Muscles in this group include the sartorius,
iliopsoas, tensor fasciae latae and rectus femoris. The caudal
muscles of the pelvic girdle produce hindlimb retraction and
hip extension. Muscles in this group include the biceps
femoris, semitendinosus and semimembranosus. The lateral
muscles of the pelvic girdle mostly cause hindlimb abduction
and include the superficial, middle and deep gluteal muscles.
The medial muscles of the pelvic girdle produce hindlimb
adduction and include the gracilis, pectineus and adductor
muscles.

The hypaxial or sublumbar muscles include the psoas
minor, psoas major and iliacus. The psoas minor and psoas
major originate on the ventral vertebral column (T16 to L6)
and insert on the pelvic inlet and lesser trochanter of the
femur, respectively. Together, the psoas major and iliacus
form the iliopsoas, the largest flexor of the coxofemoral joint
(Fig. 21.4). If the rear limb is stabilized, then the iliopsoas
muscle induces flexion of the lumbar spine and pelvic flexion
about the sacroiliac articulations.

Diagnostic challenges

Back pain perception

Quantifying the degree of pain in horses and establishing the
precise site of pain has always been difficult24 and horses
with back pain are no exception. The situation is further com-
plicated as the major clinical sign recognized in many horses
with a back problem is impaired performance and not thora-
columbar pain. On the other hand, many horses apparently
perform satisfactorily in spite of some low-grade back pain.
To add to this confusion, some horses appear to be naturally
sensitive or ‘thin-skinned’ and resent being groomed or pal-
pated along the back. In these patients, both owners and cli-
nicians can falsely interpret an evasive response to innocuous
stimuli as a sign of back pain. Another difficulty in the assess-
ment of back pain involves the condition known as ‘cold
back’ in which there is apparent hypersensitivity over the
back with a transient stiffness and ventroflexion (i.e. exten-
sion) of the spine as the rider gets into the saddle. There are
usually no other demonstrable clinical signs, although in
severe cases the horse may buck and rear when first ridden.
In some instances the back is roached (i.e. flexed) and the
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back muscles are kept rigid. The initial stiffness from being
saddled or mounted usually wears off within a few minutes
and thereafter no effect on performance is noted. Whether
this condition is actually painful, associated with some previ-
ous back pain or is merely a matter of temperament is
unclear.

Many of the difficulties in clinical diagnosis of back prob-
lems would be solved if some meaningful criteria for the
assessment of pain and an objective system of quantifying 
it could be established. In human medicine, back pain is 
considered to be as much a problem of pain as a problem of
the back. The origin of primary back pain is irritation of the
dorsal nerve roots and the branches of the spinal nerves. The
back, like most tissues of the body, is equipped with a specific
system of nerve endings that are particularly sensitive to
tissue dysfunction (Fig. 21.5). Nociceptive receptors are
represented in the back by plexiform and freely ending
arrangements of unmyelinated nerve fibers. Nociceptive
fibers are distributed throughout the skin and subcutaneous
tissues, adipose tissues, fasciae and ligaments, periosteum,
dura mater, adventitia of blood vessels and fibrous capsules of
interneural articulations and sacroiliac joints. In normal cir-
cumstances this receptor system is relatively inactive but it is
activated when chemical, mechanical or other damaging
factors are applied to the tissues containing the unmyelinated
nerve endings. Primary back pain therefore results from
trauma or irritation of these nociceptive receptor nerve
endings. Various other pain syndromes are recognized in
man and include secondary, referred and psychosomatic
backache, but their importance in the horse is unproven as
yet.

Another important factor to be considered is the marked
variation in response to pain. Even in humans a meaningful
measurement of ‘pain threshold’ is unrealistic as patients can
vary in the intensity of their experience of pain from day to
day and even at different times during the day. In horses, tem-
perament is felt to be an important contributory factor. It is
suggested that the lowered performance is sometimes due to
the horse attempting to ‘save its back’ even though the clini-
cal signs of pain have abated some time previously. Some cre-
dence has been given to this idea by the induction of back

pain in trotting horses.25 Pain was induced by multiple injec-
tions of concentrated lactic acid into the left longissimus
dorsi muscle. The effect was local pain, stiffness and a notice-
able reduction in performance capacity as analyzed by high-
speed cinematography on a treadmill. The principal sign of
induced back pain in these horses was not lameness, but stiff-
ness and reduced competitive performance.

Lack of specific clinical signs

The most common reason for presentation of a back problem
is for poor performance rather than overt back pain. It is not
surprising, therefore, that the clinical signs involved will be
many and varied and often not specifically related to a
pathoanatomic site in the thoracolumbar spine.26 For these
reasons each potential back case should be viewed as a diag-
nostic challenge and should receive as holistic approach to
both diagnosis and treatment as possible.6 A definitive diag-
nosis is more often made by the elimination of other differen-
tial diagnoses rather than by identification of specific clinical
signs related to spinal pathology.27

Difficulties of palpating the anatomical
structures involved

Many of the lesions associated with back problems involve
osseous structures of the thoracolumbar spine that are
difficult, if not impossible, to palpate effectively (e.g. vertebral
bodies, articular and transverse processes). In the thora-
columbar spine it is only possible to palpate the small apexes
of the dorsal spinous processes, although this will vary to
some extent with body conditioning and the presence or
amount of longissimus muscle atrophy. Locating the site of
pain in the back muscles is also difficult as typical palpation
procedures may precipitate spasm or contraction of the
entire longissimus muscle. The longissimus muscle runs the
entire length of the back from its origin at the caudal cervical
spine to the insertion on the wing of ilium and sacral spinous
processes. The sacroiliac and lumbosacral joints are also
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virtually impossible to palpate; the nearest one can get is by
rectal palpation. The supraspinous ligament and a portion of
the dorsal sacroiliac ligaments are readily palpable, but
unfortunately other vertebral or pelvic ligaments (e.g. inter-
spinous, ventral sacroiliac, etc.) are not accessible.

Dearth of appropriate pathological
studies

There have been no systematic pathological studies on a large
series of back cases in horses. There have been a number of
studies on congential deformities28,29 and reports on
diskospondylitis.30,31 Some investigations on acute and
chronic sacroiliac disease have been reported.32,33 Much has
been written about the clinical and surgical treatment of
over-riding or impinged dorsal spinous processes (i.e. kissing
spines),34 but very little research has been done on its
etiopathogenesis. The widespread use of ultrasonography to
diagnose soft tissue injuries of the epaxial structures has dra-
matically increased the ability to diagnose desmitis, but no
pathological studies have been completed to confirm these
clinical findings.35,36

Frequency of multiple lesions at
multiple sites

Many back problems in horses are associated with chronic or
long-standing injuries. It is also common for there to be more
than one spinal lesion that contributes to the clinical signs
and poor performance. A breakdown of diagnoses of one of
the authors’ cases (LBJ) from 1992 to 1997 shows a total of
395 diagnoses made from 268 cases presented for examina-
tion of the back to a referral clinic (Box 21.1). It is particu-
larly common for cases of over-riding or impinged dorsal
spinous processes to be associated with injury of the
supraspinous ligament, sacroiliac disease or low-grade hock

Total number of horses 268
Primary back problem 268
Secondary back problem 105
Tertiary back problem 32

Total diagnoses 395

Box 21.1 Distribution of the general categories of chronic back
problems (1992–97).

Type of back problem General category Specific lesion or problem

Primary back problem Soft tissue injury Longissimus muscle strain
Supraspinous ligament sprain or desmitits
Dorsal sacroiliac ligament sprain or desmitits
Exertional rhabdomyolysis (tying up)
Non-specific soft tissue injury

Osseous injury Conformational or developmental abnormality
Over-riding or impinged dorsal spinous processes
Osteoarthritis (e.g. articular processes)
Vertebral fracture
Spondylosis
Diskospondylitis
Spinal neoplasia (primary and secondary)

Neurologic disorders Equine protozoal myeloencephalitis (EPM)
Equine degenerative myeloencephalopathy (EDM)
Equine herpesvirus myeloencephalitis (EVH–1)
Equine motor neuron disease (EMND)

Tack associated Poor saddle fit or excessive pressure
Idiopathic No clinical abnormalities detected

Secondary back problem Hindlimb lameness (e.g. spavin)
Forelimb lameness
Neck problem (e.g. stenotic myelopathy)
Acute sacroiliac injury
Chronic sacroiliac disease
Pelvic fracture

Presumed back problem Bad temperament
Lack of ability (rider or horse)
Lack of fitness
Improper tack fit or use
Dental problems

Table 21.1 Differential diagnoses to consider for a horse with potential back problems
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lameness. Therefore confirmation of such secondary lesions
can have important implications for the management and
prognosis of horses with primary back problems.

Types of back problems

A serious stumbling block to progress in the diagnosis and
treatment of equine back problems is the wide range of opin-
ions that exist. This is true not only within the veterinary pro-
fession, but between veterinarians and physical therapists,
horse owners and trainers. The lack of authenticated reports
and specific studies in this field makes it impossible to set stan-
dards for definitive diagnosis and therefore clear guidelines
for treatment. The primary clinical sign of back problems in
horses is a loss or reduction in performance, whatever the
underlying pathogenesis; other clinical signs may be more
difficult to precisely define.

Opinions vary as to whether horses genuinely suffer from
back problems at all or whether the signs exhibited are refer-
able to damage elsewhere in the skeleton. In our experience
genuine back problems do occur, but in a variety of forms
(Table 21.1). First, there are those with identifiable lesions in
the thoracolumbar spine or epaxial structures (i.e. primary
back problems). A second important category are those due
to secondary back problems that occur as a result of the pres-
sure or strain exerted from lesions in the appendicular or
axial skeleton (i.e. particularly fore- or hindlimb lameness).
Finally, there is a category of apparent or alleged back prob-
lems which, despite popular opinion, have limited anatomic
or pathophysiologic evidence to support their occurrence
(Table 21.2). This group of ‘back problems’ forms the basis of
much controversy between veterinarians and other profes-
sionals (e.g. chiropractors) or non-professionals (e.g. lay prac-
titioners). These difficulties are exacerbated by the fact that
many horses suffer low-grade and chronic lesions.
Malalignment or displacement of the caudal thoracic or
lumbar dorsal spinal processes is reputed to be a common
cause of back trouble in horses.37 One or more spinous
summits are said to become laterally displaced (i.e. ‘out of
place’) and these can apparently be replaced by sharp pres-
sure at the appropriate site (i.e. ‘put back into place’). From
an anatomic point of view this claim is not acceptable; these
structures are not moveable like this either in life or at post-

General category Specific lesion or problem

Vertebral Subluxation of thoracolumbar vertebral 
subluxation bodies or articular processes

Misalignment of thoracolumbar dorsal
spinous processes

Intervertebral Intervertebral disk prolapse or herniation
disk injury
Peripheral Compromise of thoracolumbar spinal 
neuropathy nerves at the intervertebral foramen

Table 21.2 Conditions alleged to cause back problems in horses
for which there is currently no definitive scientific evidence

mortem. In spite of the tendency for intervertebral disks to
degenerate with age in the thoracolumbar spine, they do not
appear to cause any clinical signs similar to those seen so
commonly in humans and in dogs. Nerve ‘pinching’ and
peripheral nerve lesions are often claimed to be important
causes of back problems, but as yet there has been no
scientific evidence to substantiate this belief in horses.

Frequency of spontaneous recovery

Many of the problems causing poor performance in horses
are long-standing (i.e. many weeks or months in duration)
and there is a tendency for these cases to recover sponta-
neously. In a survey of cases followed over 2 years, a 65%
recovery rate was reported irrespective of the diagnosis and
the treatment or management regime.5 The prevalence 
of spontaneous recovery therefore can hamper elucidation 
of diagnosis and make evaluation of treatment regimes
difficult.

Relationship of back pain to lameness

Lameness is not a typical feature of horses suffering primary
back problems. However, secondary back pain is often associ-
ated with lameness as the underlying condition causing poor
performance. Most primary back cases exhibit only low-grade
hindlimb lameness, which is often bilateral and most com-
monly associated with hock injury. A study in which back
pain was induced using lactic acid injections into the lon-
gissimus muscles did not produce any signs of hindlimb
lameness.25

Causes of sacroiliac joint pain or injury have been postu-
lated to be the result of sacroiliac or lumbosacral osteoarthri-
tis, sacroiliac desmitis or sprain, sacroiliac subluxation or
luxation, pelvic stress fractures, complete ilial wing frac-
tures or sacral fractures.38 Additional differential diagnoses
include thrombosis of caudal aorta or iliac arteries, exer-
tional rhabdomyolysis, trochanteric bursitis and impinged
dorsal spinous processes in the lumbar vertebral region.39

Horses with presumed thoracolumbar vertebral problems
may also have concurrent chronic sacroiliac joint injuries. In
a report on 443 horses with back problems, chronic sacroil-
iac joint problems were identified in 15%.4 Clinical signs of
lower hindlimb lameness may overlap and mimic signs of
presumed sacroiliac joint pathology. It is important that a
thorough and complete lower limb lameness evaluation is
completed prior to or in conjunction with a proximal
hindlimb or sacroiliac joint work-up.

Diagnostic protocol to
assess back problems

A standardized protocol should be used to systematically
examine horses with potential back problems (Box 21.2).



History

The value of obtaining a thorough clinical history cannot be
overestimated, as the clinical signs and behavioral changes of
thoracolumbar disorders are many and varied.27 Details
dating back to the time when the owner first acquired the
horse are extremely helpful in deciding whether or not one is
dealing with a genuine back problem. In this regard, infor-
mation on management, tack and performance should
always be sought.

Acute versus chronic onset

The history in acute back injuries is usually straightforward
as some traumatic incident will have been noticed. For
example, young horses with multiple fractures of the dorsal
spinous processes from T2 to T10 often have a history of
rearing up and falling over backwards onto the withers. Most
acute cases involve soft tissue injuries and strain of the
longissimus muscles is particularly common.

Chronic problems are commonly encountered when no
obvious initiating incident is recognized. One consistent
feature of a long-standing back problem is an alteration in
the horse’s behavior or temperament. This may be insidious
in onset and it may take some time before the owner fully
appreciates that the change has taken place (e.g. a normally
good-natured horse becomes sour and rather fractious to
handle or there may be a loss of enthusiasm to work). There
also seems to be a correlation between nervous or tempera-
mental horses and the presence of back problems.

Use of the horse

There also seems to be an association with the type of back
injury and the type of work the horse is involved in. Jeffcott
reported that the differences in incidence of specific back prob-
lems varied quite noticeably according to whether the horse
jumped at speed, jumped competitively or was not used for
jumping at all.5 Acute sacroiliac strain or subluxation 
was more prevalent in horses jumping at speed, whereas
impinged or over-riding dorsal spinous processes were most
common in showjumpers. The incidence of soft tissue damage
was much the same in both of these groups and age was not
nearly such an important factor in equine back disorders as it is
in humans. Spondylosis appeared more frequently in mares,
whereas over-riding dorsal spinous processes was most often
seen in short-backed Thoroughbred geldings.

Sacroiliac pain is common in dressage horses and causes
impaired performance, usually without lameness. Standard-
bred harness racing also shows a high incidence of sacroiliac
and hindquarters problems but over-riding or impinged
spinous processes are rare. Back injuries in reining, barrel
racing and rodeo horses are not common but are usually
associated with muscle injuries. In endurance horses back
problems resulting from long periods of extreme exercise and
saddle-induced injuries are common.

Concurrent lameness and loss of
performance

Positive clinical signs at exercise may include uni- or bilateral
hindlimb lameness, a loss of enthusiasm for work or an
inability to stride out at fast paces. Owners will often mention
a stiffness in the hindlimb action and a loss of suppleness of
the back when ridden, although the action when loose in the
paddock appears satisfactory. Jumping with a fixed hollow
back is frequently encountered or there may well be a reluc-
tance to jump, particularly combination-type fences. The
horse may also lose its fluidity and timing during jumping and
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Case history
● Signalment and use of the horse
● Onset and duration of clinical signs
● Response to treatment, particularly NSAIDs and manipulation
● Temperament and ability to perform
● Assessment of management and training routine
● Evaluation of predisposing factors
● Experience of the rider

Clinical examination
● Visual inspection of conformation, posture and musculoskeletal 

symmetry
● Gait evaluation: in hand, lunged, ridden or driven
● Evaluation of concurrent lameness
● Neurologic evaluation
● Postexercise palpation and manipulation
● Soft tissue and osseous palpation
● Regional and segmental joint manipulation
● Rectal palpation
● Examination of tack, particularly saddle fit

Diagnostic imaging
● Radiographic examination – osseous pathology

Standing: lateral view of the thoracolumbar (T2–L4) and
sacrocaudal (S2–Cd4) regions
General anesthesia: ventrodorsal view of the lumbosacral
(L4–S5) region

● Ultrasonography – articular or spinous processes, supraspinous
or sacroiliac ligament desmitis

● Nuclear scintigraphy – active inflammation or bone turnover
● Thermography – back or gluteal muscle injury, altered

vasomotor tone
● Linear tomography – sacroiliac joint pathology

Laboratory examination
● Hematology
● Biochemistry: muscle-derived enzymes (AST and CK), before

and after exercise test
● Serology: vitamin E and selenium levels, viral isolation
● Cerebrospinal fluid analysis
● Muscle biopsy

Additional diagnostic aids
● Diagnostic injections of interspinous spaces, articular processes

or sacroiliac joint
● Electrical muscle stimulation
● Therapeutic trial of NSAIDs – effect on performance
● ‘Slap test’ for evidence of cervical vertebral stenosis causing

hindlimb ataxia

Box 21.2 Diagnostic protocol for the evaluation of horses with
potential back problems
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become tense, tending to rush over the fences. Signs of head
shaking and an increased tendency for tail swishing are other
occasional features found in horses with back problems.

Medication and treatment

Since many back problems are chronic in nature, the horse may
well have received multiple treatments before your examination.
It is therefore important to know what type of medications or
therapy have been tried and whether or not they provided any
improvement. A clinical trial of phenylbutazone (2 g, p.o., b.i.d.
for 4–5 days) is often used to assess the inflammatory com-
ponent of a back problem. The use of non-steroidal anti-
inflammatory drugs (NSAIDs) will often produce an
improvement in osseous or articular pathologies although this
may be partial and short-lived. A similar clinical trial of metho-
carbamol (15–44 mg/kg, p.o., s.i.d.) will help some horses with
muscle-related back soreness or hypertonicity. Inquiries into the
response to rest or changes in activities, such as cross-training,
are often helpful in assessing the mechanism of action of the
back problem. Some horses, like humans, appear to get burnt
out when asked to do repetitive or monotonous disciplines
without any changes in routine. Many forms of physiotherapy
or spinal manipulative treatment may give temporary improve-
ment, but a lasting success is unlikely without establishing a
definitive diagnosis of the back problem.

Management and training ability

It is common for owners to blame poor competitive ability on a
problem in the thoracolumbar spine when it is simply due to
poor schooling or equitation. It is now well recognized that the
most consistent feature in a back problem is a loss of perform-
ance, particularly in the ability to jump effectively. Acute sore-
ness in the back muscles is often associated with falling or some
other traumatic incident, but a history of obvious pain in the
thoracolumbar spine is not always reported, particularly in
long-standing cases. Horses with severe back pain may have
difficulty in standing to urinate or defecate or there may be a
reluctance to lie down or to roll. There may also be resentment
to placement of a blanket or to grooming over the loins and
hindquarters. In some cases the farrier may note resentment to
having a hindlimb picked up or difficulty in standing while being
shod.

A history of resentment to any weight on the horse’s back
is sometimes reported with a tendency to collapse behind
when ridden. Saddling up may become a problem, particu-
larly when the girth is tightened. The horse may buck when
first mounted, although this is usually due to temperament
rather than back pain. The owner may also note reluctance
to move backwards or reining back when being ridden.
Dramatic signs of bucking and rearing are not usually asso-
ciated with acute back injuries as it is too painful for the horse
to fully flex or extend the spine.

Query into the size and the time spent in stalls, paddocks,
or turnout in pasture is indicated for any horse with back
problems. In humans, a primary contributing factor for
recurrent back problems is bed rest and inactivity.40 Horses

that are stalled for the majority of the day or large portions of
the year do not have the opportunity to maintain back flexi-
bility, which may contribute to back stiffness and dysfunc-
tion. In addition, horses that are turned out in paddocks with
knee-deep mud, large rocks, poor footing or steep hills may
aggravate pre-existing back problems.

Rider ability

Equestrian competition involves two athletes – the horse and
the rider. There is no question that poor riding can either pre-
dispose to a back problem or exacerbate an existing one.
Inexperienced or poor riders may blame the poor perform-
ance of their horse on a back problem when in fact the blame
lies with them. It is also crucial that the saddle used not only
fits but is also appropriate for the type of work or competition
being undertaken.

Predisposing factors

The conformation and intended use of the horse can have an
important bearing on the injury involved. For example, specific
spinal malformations (e.g. lordosis and scoliosis) tend to predis-
pose to injury through the inherent weakness of the thora-
columbar spine.5 These conditions place extra strain on the
epaxial muscles of the back that can lead to recurrent soft tissue
injuries. The majority of horses do not have severe gross
deformities, but conformational defects are common. Horses
which are short-backed with restricted flexibility of the spine
tend to exhibit more vertebral lesions than the longer backed
horses, which have relatively more suppleness and seem to be
more prone to muscular or ligamentous strain. Large-framed
horses with comparatively weak hindquarters appear to be
more susceptible to sacroiliac problems.

Age and gender of the horse are not nearly as important as
predisposing factors as they are in humans. The highest
incidence of back problems in horses is during middle age, 
5–10 years of age,4 although older horses, like elderly humans,
are susceptible to loss of vertebral column flexibility, joint degen-
eration and loss of muscle strength. Aged horses also have
increased healing times and increased chances of having
chronic conditions or abnormal musculoskeletal compensa-
tions from prior injuries.

Management problems

There are a wide range of management issues that may lead
either to a back problem or a suspected one from poor per-
formance. Many of these issues may be due to inexperience or
ignorance by the owner and result in inappropriate manage-
ment, producing signs suggestive of back pain.

Temperament

Horses with an excitable temperament seem to be more prone
to back-related problems. This may simply be due to low pain
threshold or hypersensitivity, but hyperexcitability often
results in excessive tension or spasm of the back muscles. This in
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turn reduces spinal flexibility and causes impaired impulsion
from the hindquarters, which is seen clinically as poor hindlimb
action and performance. In some instances these horses become
uncontrollable and will buck and kick violently rather than
settle down to exercise properly. A careful examination is
required in these horses to be confident there is no underlying
spinal pathology or pathoanatomic explanation for the per-
ceived avoidance behavior suggestive of back pain. In addition
to employing diagnostic imaging, a short course of analgesics
(e.g. NSAIDs) is useful as some improvement would be expected
if any musculoskeletal inflammation or injury exists.

Cold back

The signs of a cold back are usually exhibited when the saddle is
put on, the girth tightened or as the rider mounts. The horse will
then dip or roach its back and keep it very stiff as it moves off. In
most cases these signs disappear quickly and within a few
minutes the horse’s performance is satisfactory. There is no
doubt that horses with a cold back worry owners a great deal.
In our experience, many of these cases are not associated with
underlying pathological findings and are therefore thought to
be temperamental or behavioral in origin. There are many dif-
ferent ways to manage these horses, including using saddle
pads, warming the horse up before saddling (e.g. lungeing) or
medicating mares with estrogen.

Mares in season

Owners sometimes report that mares in estrus have associ-
ated back pain and poor performance. It is often difficult to
substantiate these claims, although some mares do improve
during the winter or if medicated with estrus-suppressive
drugs (e.g. altrenogest). Rectal palpation and evaluation of
abnormal ovarian structures are indicated in any mare with
recurrent or refractory back problems.

Schooling and work regime

Failure to keep a horse properly fit for its purpose may lead to
fatigue or muscle strain. Horses can be bored with a dull work
schedule and become soured or reluctant to work. This can
easily be misinterpreted as poor performance related to a back
problem.

Dental problems and bitting

General management of the teeth is part of good equine hus-
bandry. Any problem in the mouth, from sharp teeth to an
inappropriate bit, can lead to evasion when working. Affected
horses often have a raised head carriage, tension or stiffness
of the back muscles and poor hindlimb impulsion.

Inspection

Visual inspection is often the most important initial aspect of
examining horses with back problems. The general tempera-
ment and behavior are evaluated for signs of pain or discom-
fort. Horses with back problems often have a sudden change in
behavior and become easily irritated by previously innocuous
stimuli. Pinning the ears, swishing the tail, refusal to move or
exaggerated movements away from everyday objects (e.g. curry
comb or saddle pad) are signs of changes in behavior.

Evaluation continues with observation of the patient from
a distance while turned loose in the stall or paddock while
assessing the use and co-ordination of the limbs and trunk.
The exam is focused on evaluating the dynamic characteris-
tics of the musculoskeletal system. Owners may report that
the head or neck is carried in an abnormal position, the trunk
is held rigid or the horse refuses to move or bucks when asked
to go forward. The horse should be able to readily raise and
lower its head and neck and bend the trunk to either side.
Neck injuries can present as the inability to lower the head

Fig. 21.6
Examination of the horse’s back while restrained
in stocks.The clinician uses a set of steps to
facilitate palpation and manipulation of the
thoracolumbar spine.



and neck to graze or, just as common, the consistent inability
to raise the head and neck above a certain level. Both
instances often have a history of substantial head or neck
trauma associated with getting the head or neck trapped in a
fence or pulling back or flipping over in the cross-ties. It is
important to note the general body conditioning of the horse
and to differentiate poor condition (i.e. cachexia) from
specific wastage of the longissimus, gluteal and thigh muscu-
lature. The presence of any lumps, scars, saddle marks on the
back or any undue curvature of the spine must also be noted
as they may have some bearing on the underlying condition.

A more detailed examination of the back is best carried
out with the horse restrained in stocks (Fig. 21.6). However,
it is important that the horse is not stressed or tense, as this
will make assessment of back pain even more difficult. If the
horse resents the stocks it is better to carry out the examina-
tion in the stable. For in-hand evaluation, the horse should be
standing quietly and comfortably with all four limbs on a
firm, level surface. The horse is then evaluated for the static
characteristics of the musculoskeletal system, which include
conformation, posture and muscular and osseous symmetry.

Conformation

Conformation is defined as the static or structural relationship
of body segments, whereas postural analysis involves the 
dynamic or functional assessment within and between body
regions. Vertebral column conformation is evaluated with
special attention to neck development, height and shape of the
withers, length of the trunk relative to the height and osseous
pelvic symmetry. Conformationally, it is thought that short-
backed horses have a higher incidence of osseous disorders
whereas long-backed horses are more prone to soft tissue
injuries.6

Posture

The posture is evaluated for head and neck carriage, develop-
ment and symmetry of the trunk, tail carriage and a pre-
ferred or shifting stance. Alterations in trunk posture include
lordosis (sway-back), kyphosis (roach-back) and scoliosis.
Abnormal spinal curvatures are often readily visualized and

are common primary presenting complaints. Altered spinal pos-
ture has both structural and functional etiologies that can often
be differentiated based on history, onset and duration of the
condition. Congenital vertebral malformations often produce
structural changes in the trunk conformation, whereas devel-
opmental injuries produce functional changes in the trunk
posture. In adult horses, acute changes in spinal curvatures are
often functional adaptations to back pain or muscle imbalances.
Correction of the underlying problem often returns the trunk 
to its original posture. Excessive lordosis is often an age-
related change in trunk posture and may be improved with
induced trunk elevation (i.e. flexion) and abdominal muscle-
strengthening exercises. Horses with sacropelvic injuries will
often carry their tail off to one side, lack tail tone or movement
or have an abnormal tail set.

Muscular symmetry

The pectoral region, dorsal scapular and wither region,
epaxial and gluteal muscles are carefully evaluated for abnor-
mal muscle development and left-to-right asymmetries. This
is a crucial part of the examination and needs to be carried
out in as objective a fashion as possible. Muscular asymme-
tries are often due to disuse or neurogenic atrophy.27

Alterations in the pectoral or pelvic girdle muscles need to be
localized to the affected muscles, to aid in the differentiation
of a primary lower limb, upper limb or vertebral column dys-
function. Localized or segmental muscle atrophy of the
epaxial muscles may be due to vertebral segment dysfunction
or a consequence of poor saddle fit. Generalized back muscle
atrophy needs to be differentiated from lack of muscle devel-
opment (i.e. poor conditioning) and disuse atrophy associated
with chronic hindlimb lameness. Neurologic diseases that
produce local or regional muscle atrophy (e.g. equine proto-
zoal myeloencephalitis) need to be ruled out in horses that
present with back problems and gluteal muscle asymmetry. It
is unwise to assume that instances of asymmetric hindquar-
ters or a ‘hunter’s bump’ are caused by sacroiliac damage.

Osseous symmetry

The dorsal midline of the back is viewed from above (i.e. by
standing on a mounting block behind the horse) with the
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Fig. 21.7
Photograph of a hunters’ bump and
associated muscle wastage in the lumbar and
gluteal regions. (A) Five-year-old
Thoroughbred gelding with prominent
lumbar spinous processes. (B) Horse’s
skeleton showing the pelvic and lumbosacral
region with the lumbar and sacral spinous
processes. (C) Transverse section of the
quarters showing the wings of ilium and
normal musculature of the region.
(D) Fourteen-year-old showjumper with
prominent tuber sacrale and poor muscling
of quarters.



horse standing squarely on all four limbs to see if the back is
straight and evenly developed bilaterally. Any lateral curva-
ture of the spine is suggestive of a degree of muscle spasm on
one side (i.e. spastic scoliosis). The presence of a so-called
‘hunter’s bump’ may be seen in some horses although it is not
necessarily associated with overt clinical signs of a back
problem. This feature is associated with a prominence of the
tuber sacrale due to atrophy of the longissimus and gluteal
muscles (Fig. 21.7). Changes in the height of the tuber
sacrale should be assessed relative to the apex of the second
sacral spinous process (S2). Visual acuity is high and even
slight (<5 mm) deviations can be perceived. Confirmation of
pelvic bone asymmetry can also be performed by palpating
the main skeletal features (i.e. tuber sacrale, tuber coxae and
tuber ischii) while standing directly behind the horse or by
getting two assistants to identify the osseous landmarks for
left and right comparisons.

The following guidelines are helpful.

● Unilateral gluteal muscle atrophy on one hindquarter
without pelvic bone malalignment: suspect hindlimb
lameness (hock or stifle) or acetabular damage.

● Elevation of one tuber sacrale
•

with or without gluteal
muscle atrophy: suspect thickening and damage to dorsal
sacroiliac ligament or stress fracture of wing of ilium on
opposite side (i.e. lowered quarter).

● Lowering of tuber sacrale with muscle atrophy and lower-
ing of the ipsilateral tuber coxae: suspect ipsilateral
chronic sacroiliac disease or ipsilateral complete ilial wing
fracture.

● Lowering of tuber coxae without lowering of tuber sacrale
or tuber ischii: suspect fracture of the tuber coxae.

● Lowering of tuber ischii without deviation of tuber sacrale
or tuber coxae: suspect fracture of tuber ischii.

Evaluation of tack fit and use

Saddle fit

A frequent cause of back discomfort can be either an inap-
propriate saddle used or the saddle not fitting properly. Most
poorly fitting saddles produce pressure or pinching over the
caudal withers region, hence the appearance of white hairs
in the midline. Horses change shape, particularly the contour
of the back, when they are out of work (i.e. deconditioned) or
if they have an increase in bodyweight. Many saddle-fitting
techniques provide a static assessment of the fit of the saddle
to the shape and contour of the withers and back. Unfor-
tunately, saddles do not come in a wide variety of sizes for
individual fit and comfort, like clothes or shoes for humans.
Most horses have to conform to only a few different tree
widths and saddle types. Ideally, the saddle should fit com-
fortably and provide as large an area of contact as possible to
help to distribute the rider’s weight across the withers and
back musculature. Computerized pressure pads help to
provide both a static and dynamic assessment of saddle fit,
pad thickness and placement, rider influences and changes in
pressure associated with different gaits.

Assessment of saddle fit begins with checking the tree for
straightness, symmetry and intact bars. The panels are eval-
uated for left-to-right symmetry and any lumps or depres-
sions that might contribute to uneven pressure. The gullet
should be 2–3 fingers wide to provide clearance for the dorsal
spinous processes and to provide uniform weight distribution
on the panels. The best saddles have wide panels that provide
maximal weight distribution of the rider over the thora-
columbar epaxial musculature. Deep palpation of the entire
fleece surface of the Western saddle should be done to identify
any sharp points from nails or loose conchos.

The owner is asked to place only the saddle, without any
pads, on the horse’s back in the usual position. The analogy
of properly fitting shoes (i.e. saddle) and the appropriate socks
(i.e. saddle pad) to your feet works well for assessing saddle fit
in horses. The chances are that if the shoe does not fit your
foot then adding socks will not, in most instances, make the
shoe fit any better. Optimally, there should be 2–3 fingers
width of dorsal clearance between the pommel at the front of
the saddle and the spinous processes of the withers. If there
is less clearance, then the additional weight of the rider in the
saddle will most likely reduce the space and cause direct
contact and dorsal wear of the pommel on the withers.
Greater than three fingers width of clearance is indicative of
too narrow a tree that will cause increased lateral pressure on
the withers. The rider may also feel unstable in the saddle due
to an elevated center of gravity relative to the horse.

Most saddles are positioned with the front panels over the
caudal border of the scapula. During locomotion, the scapula
normally rotates caudally as the forelimb is fully protracted. If
the panels are not flared outward slightly to accommodate
the scapula, then the scapula cannot rotate caudally during
limb protraction. This results in a shortened stride of the fore-
limbs. This is a common fault of many Western saddles with
rigid, non-flared front panels. The contact between the front
panel and the caudal scapula should be constant and
uniform. An analogy of the desired pressure is the contact felt
with your hand as it slides between the seat of the chair and
the bottom of your thigh when you are sitting down. Saddles
that are too wide will have increased pressure and contact at
the dorsal withers, but the bottom of the panel will gape and
protrude away from the lateral scapula. Saddles with too
narrow a tree will have severe focal pressure on the dorsal
scapular cartilage and you will not be able to fit your hand
between the saddle and the scapula, even without the weight
of the rider in the saddle. A simple correction on most horses
is to slide the saddle back 0.5 to 1″ off the dorsal scapula. The
seat should remain level to maintain rider comfort and to
prevent unnecessary cranial or caudal displacements of the
rider.

Saddle pads

The use of extraneous saddle pads or wedges is often a sign of
potential saddle fit problems. When it comes to saddle pads,
less is often better. The saddle pad should be tented up into the
gullet of the saddle so that it provides clearance over the
withers and dorsal spinous processes. Unfortunately, gel pads
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and other specialty pads often do not extend to the ventral
edge of the front panel and cause a step defect and concen-
tration of forces at the edge of the pad, which usually occurs
directly over the caudal border of the scapula. Properly fitting
saddles and pads can be evaluated by the dirt or sweat marks
present on the saddle pad. Proper fit is identified by the pres-
ence of a symmetric or butterfly-shaped dirt pattern, indica-
tive of uniform panel contact over the dorsum of the withers
and back. Asymmetric, clean or dry spots on the saddle pad
suggest bridging or uneven saddle contact. Blankets, if not fit
properly, can also cause severe wear injuries over the withers.

Restraint devices

Evaluation of proper tack fit and use requires that the horse
and rider are evaluated while participating in their specific
equestrian activities. Harness racing utilizes a plethora of
restraint devices, such as stickers, overchecks and hobbles,
that need to be assessed as potential contributors to back
problems. Additional tack that needs to be evaluated is the
appropriate use and fit of the noseband or cavesson, standing
or running martingales, draw reins and the chambon during
lungeing exercises. Most of these devices are used to correct
altered body positioning or use associated with pain or avoid-
ance, inexperience, inability or the induction of artificial
gaits. If horses are sound and have good flexibility and
strength, then most of these devices are unnecessary.

Gait evaluation

A careful examination at exercise is an important part of the
clinical assessment of a horse with a potential back problem.
Gait analysis for back problems focuses on evaluating
regional vertebral mobility and pelvic motion symmetry, in
addition to the typical lameness assessment. Gait analysis
may help to rule out lower limb disorders and rule in verte-
bral dysfunction although limb lameness has been reported
in about 85% of horses with back problems.41 Motion asym-
metries, restricted vertebral or pelvic mobility, not tracking
straight or lack of propulsion are a few characteristics that
are evaluated. Tape on the vertebral column midline may
help to visualize subtle lateral bending motion asymmetries
or scoliosis. Tape on the tuber coxae may help to visualize
subtle pelvic motion asymmetries.

Exercise in hand

The horse is first walked and then trotted on a loose rein in
hand in a straight line to detect any obvious abnormalities in
gait. Many horses with chronic back trouble show a restricted
hindlimb action with poor hock flexion and a tendency to
drag the toes of one or both hindlimbs. If there is moderate to
severe pain, a wide straddling hindlimb gait is usually seen,
but in horses with a low-grade problem the action behind will
be very close (i.e. plaiting). Next, the horse is turned as short
as possible in both directions to induce lateral bending of the
trunk. If back pain is present and there is loss of suppleness,

turning is often difficult, resulting in rather jerky movements
and spasm of the back muscles. On backing there is some-
times an initial reluctance to move, then the head is raised,
the back arched more than usual and some spasm of the back
muscles occurs. Another sign of discomfort is the dragging of
the forelimb toes on moving backwards. Horses with chronic
sacroiliac joint injury will often resent being backed up or
down a slope. Severe lameness in one or both hindlimbs is not
usually a feature of a thoracolumbar disorder and diagnostic
nerve blocks should be used to differentiate this from a
genuine back problem. Mild shifting lameness or simply an
unevenness of action of one hindlimb is much more com-
monly seen in horses with back problems. Flexion tests (i.e.
spavin test) rarely have any effect on the gait in horses with
primary back problems, but are very useful in identifying sec-
ondary hock or stifle problems.

Lungeing exercise

A session of 10–15 minutes exercise on the lunge line in a
sand ring helps to critically assess a horse’s gait. This also pro-
vides an opportunity to see any improvement or deterioration
in the action as the horse warms up. Horses with stiff backs
often show exaggerated contractions or spasms of the longis-
simus muscles with each stride although this is also seen in
horses that are unfit. Horses with restricted hindlimb gait
often show poor tracking of the hindfeet (i.e. placement of
the hindfeet behind the imprint of the ipsilateral forefoot) and
a tendency to drag or plait with the hindtoes. The head car-
riage may be elevated and the horse looks uncomfortable in
work. A poor action is usually best seen at the trot. Some
horses with back pain will lunge only at a collected canter.
Some difficulty is often seen when changing gait (i.e. transi-
tions) along with an inability to lead on the correct leg (i.e.
disunited). The action behind appears to lack impulsion and
swishing of the tail is often a feature. However, tail swishing
is not always indicative of back pain. Placing a surcingle
around the thorax and tightening it has also been used to
demonstrate acute or active back pain.

Ridden or driven exercise

Evaluation of the response to placing a saddle and being
ridden is important for a complete assessment of horses with
back problems. Inspection of the tack for proper use and fit is
always suggested on initial examination. Saddles and
restraint devices should be evaluated for proper fit, padding
and positioning on the horse. It is useful to see the horse
saddled up and to note if there is any pain or resentment to
tightening the girth or when mounting. A horse may have a
‘cold back’ when mounted, but this does not necessarily
imply an underlying spinal problem. The horse should next
be ridden in its intended use or discipline by its regular rider,
if possible, during a routine training exercise to assess back
and limb use at the walk, trot and canter. Showjumpers
should also be jumped over the type of fences that usually
cause the most challenge (i.e. combination-type fences). For
harness racing horses it is of great benefit to have the horse
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driven so as to assess the performance and trotting or pacing
gait at fast exercise.

Postexercise examination

After allowing the horse to cool down, it should be exercised
in hand again to see if there is any change in the action. This
is particularly useful in horses with a low-grade exertional
myopathy (i.e. mild rhabdomyolysis or tying up) as they show
increased stiffness of the hock and hindquarters.

Orthopedic evaluation

The objective of carrying out an orthopedic evaluation of
suspected back cases is to be able to rule out or identify con-
current cervical problems and distal limb lameness, and so
assist in confirming a primary thoracolumbar or lumbosacral
condition.

Cervical conditions

Neck pain or stiffness will often be associated with poor per-
formance, thoracolumbar stiffness and restricted hindlimb
impulsion. Systematic palpation of the cervical region may
pinpoint a painful region. Flexion and lateral bending of the
neck, either manually or by offering food or a treat to induce
cervical bending, will confirm neck stiffness. Further diag-
nostic tests, including scintigraphy, radiography and ther-
mography, are indicated to confirm diagnosis of a neck
problem.

Forelimb lameness

Gait evaluation in a straight line and on the lunge line should
highlight the presence of forelimb lameness. Hoof testers,
flexion tests and diagnostic nerve or joint blocks assist in
identifying and localizing the site of forelimb lameness.

Hindlimb lameness

Gait evaluation may be more difficult particularly if lameness
is mild and bilateral (e.g. hock or stifle). Horses with chronic
sacroiliac joint injuries often have compensatory stiffness and
pain in the proximal hindlimb.39 Induced hock flexion (i.e.
spavin test) is often negative in horses with back problems.33

In many cases the use of nuclear scintigraphy will help in
identifying areas of increased bone activity that may be the
seat of lameness. Hoof testers, flexion tests and diagnostic
nerve or joint blocks should confirm that you are not dealing
with a primary back problem.

Neurologic evaluation

The majority of horses with back problems do not have con-
current neurologic disorders. If a neurologic disease is sus-
pected, then a thorough neurologic evaluation should be
pursued before any further back evaluation or imaging

modalities are completed. A neurologic examination is indi-
cated in the evaluation of horses with back problems to rule
out traumatic, infectious and toxic etiologies. Postural reac-
tions also help to assess the proprioceptive status (i.e. ataxia),
weakness or spasticity, which often occur in spinal cord com-
promise.42 Suspect horses are moved in tight circles to evalu-
ate fore and hindfoot placement and backed up to assess
willingness, strength and co-ordination of the hindlimbs.
Walking up and down curbs or over ground poles also helps
to assess foot placement. Horses with back pain may drag the
hindlimbs.27 Once a neurologic disease has been diagnosed or
treated, any residual back problems should be assessed in
light of the past or current neurologic signs.

Medical evaluation

Rectal palpation

Rectal palpation is an important diagnostic test in horses
with back problems. Soft tissue injuries, osseous pathology
and articular instability of the sacropelvic region may not be
evident externally, but only palpable internally. It is also pos-
sible to rule out urogenital or gastrointestinal causes of back
pain (e.g. colic, infection, masses). The psoas major and psoas
minor muscles are palpable at the ventral aspect of the
lumbar vertebrae. The iliacus and psoas major together form
the iliopsoas muscle, which lies along the lateral wall of the
pelvic inlet. These hypaxial muscles are evaluated for pain,
swelling (i.e. hemorrhage) or asymmetry, and muscle hyper-
tonicity. In horses with vague, upper hindlimb lameness, the
terminal aorta and iliac arteries also need to be examined for
the presence of strong and regular pulses or possible thrombi.

Osseous palpation during rectal examination is useful for
evaluating pelvic or sacral fractures, pelvic canal symmetry
and lumbosacral or sacroiliac degenerative joint disease.
Acute pelvic fractures produce substantial pain and possible
crepitus with rocking of the pelvis side-to side. Bony callous
or bony asymmetries palpable on the shafts of the ilium or
ventral sacrum are indicative of prior fractures. The ventral
aspects of the caudal lumbar vertebrae are evaluated for
irregular bony proliferation, indicative of spondylosis. The
sacroiliac joints lie deep to the bifurcation of the iliac arteries,
at the dorsolateral pelvic canal. Some horses with acute
sacroiliac joint injuries will strongly resent deep palpation
either unilaterally or bilaterally over the sacroiliac joint
region. Rectal palpation while walking or during externally
induced pelvic motions (e.g. dorsoventrally or laterally) helps
to directly assess lumbosacral and sacroiliac joint motion
internally. Rectal palpation for chronic sacroiliac joint sub-
luxation is usually unrewarding and not diagnostic unless
bony proliferation, excess sacroiliac joint motion or joint
crepitus during externally applied movements is identified.39

Laboratory analysis

A thorough laboratory diagnostic work-up, when clinically
indicated, is important for the appropriate differential diag-
nosis and rehabilitation of horses with back problems. Two
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common serum enzymes indicative of skeletal muscle injury
or inflammation include creatine kinase (CK) and aspartate
aminotransferase (AST). Lactate dehydrogenase (LDH) is not
as specific for skeletal muscle injury but the elevation of
specific isoenzymes does have diagnostic value.43 In most
instances, these enzymes are not elevated in horses with
primary back problems. In suspect horses, a submaximal
exercise tolerance test can be performed in a treadmill or after
trotting for 10 minutes.27 Baseline serum samples are taken
prior to exercise and compared to 4-hour (peak CK) and 24-
hour (peak AST) postexercise values. Urinalysis is indicated if
exercise-associated muscle damage (i.e. exertional rhab-
domyolysis) is suspected in horses with back muscle pain or
hypertonicity. The presence of myoglobinuria is indicative of
recent or active ongoing muscle injury.43

Hematology is indicated in suspected vertebral osteo-
myelitis and diskospondylitis to evaluate the presence of
anemia, hyperproteinemia, hyperfibrinogenemia, leukocyto-
sis or neutrophilia.42 Cerebrospinal fluid (CSF) analysis and
culture is useful if meningitis is also present. Electrolyte
imbalances can be found in exhausted endurance horses,
especially when coupled with dehydration or poor ther-
moregulation. To rule out hyperkalemic periodic paralysis
(HYPP), serum potassium levels or the submission of whole
blood for genetic testing may be indicated in Quarter Horses
with muscle fasciculations and weakness.43 Serum vitamin E
(�-tocopherol) and selenium levels are important in the
pathogenesis of nutritional myodegeneration (white muscle
disease), sporadic exertional rhabdomyolysis and equine
degenerative myeloencephalopathy (EDM). In suspect horses,
whole-blood analysis of selenium-dependent glutathione
peroxidase (GSH-Px) may also be indicated to assess the
selenium status.43

Viral isolation and PCR techniques on nasopharyngeal
swabs or peripheral blood samples are indicated in suspected
outbreaks of equine herpesvirus myeloencephalitis (EVH-
1).42 Paired serum titers can reveal elevated or increasing
titers in suspect horses. Serology (e.g. titer or Western blot)
may also be indicated in horses with a history or clinical pres-
entation suggestive of Lyme disease or equine protozoal
myeloencephalitis (EPM). However, due to difficulties in serol-
ogy interpretation, synovial tissue biopsies and CSF immuno-
blot analysis are preferred tests. CSF analysis may reveal
elevated protein levels, xanthochromia or pleocytosis in cases
of EVH-1, polyneuritis equi, EPM and equine motor neuron
disease (EMND). CSF creatine kinase may also be elevated in
horses infected with EPM or EMND.42

Muscle biopsies may be indicated to rule out EMND, poly-
saccharide storage myopathy (PSSM) and recurrent exer-
tional rhabdomyolysis (RER).44 Muscle biopsies provide
assessment of muscle fibers, neuromuscular junctions, nerve
branches, connective tissue and blood vessels.43 Both light
and electron microscopy, combined with histochemistry, are
required for the diagnosis and prognostication of muscle 
disorders. Dietary analysis is indicated in horses with RER
and PSSM. High grain diets may need to be replaced with 
fat supplementation, rice bran and access to high-quality 
hay.

Physical examination

The focus of the physical examination of the vertebral
column is to identify if a back problem exists and to localize
the injury to either soft tissue, osseous or neurologic struc-
tures. Traditional orthopedic and neurologic evaluations are
important adjunctive assessments used to rule out other,
more common causes of lameness and neurologic disorders.
The spinal examination also helps to determine if the back
problem is acute or chronic and if the vertebral dysfunction is
segmental and localized or regional and diffuse.

Subjective assessment and grading of back
problems

Vertebral dysfunction is most often characterized by localized
pain, muscle hypertonicity, reduced joint motion and subse-
quent functional disability. The challenge, as with any mus-
culoskeletal injury, is to identify the specific musculoskeletal
structures affected and quantify the associated disability or
altered function. The most common categorization of muscu-
loskeletal injury consists of mild, moderate or severe degrees.
Further quantification may involve the use of a 0–10 scale in
an attempt to objectively monitor changes in pain, muscle
hypertonicity, reduced joint motion or functional disability
(Table 21.3). Subjective parameters can then be assigned a
numerical value that can be assessed before and after treat-
ment. The progression or regression of the individual para-
meters can then be recorded over time since most clinical
back problems tend to be chronic or recurrent in nature.

Regional joint motion

Joint range of motion can be assessed either regionally via
induced vertebral movements or segmentally via motion pal-
pation of individual vertebral motion segments. Vertebral
range of motion is evaluated to detect whether a particular
movement is normal, restricted or hypermobile. Regional
causes of vertebral movement restrictions may include intra-
articular pathology (i.e. osteoarthritis), periarticular soft tis-
sue adhesions, musculotendinous contractures or protective
muscle spasms.
Active range of motion The diagnostic evaluation of
regional active range of motion (AROM) involves using a
carrot or other treat to induce flexion, extension and lateral
bending of the neck and trunk. The willingness, co-
ordination and amount of vertebral motion are compared
bilaterally. Resistance, struggling to grasp the treat and left-
to-right range of motion asymmetries are documented.
Similar procedures can be used therapeutically as stretching
exercises to increase neck or trunk range of motion.
Active lateral bending range of motion The horse is posi-
tioned parallel against the stall wall to stabilize the trunk and
pelvis and to provide a surface for the horse to lean against if
needed during the active stretches. The positioning also helps
to prevent the horse from chasing the treat holder around 
the stall during the evaluation. The treat is directed towards
the elbow and held against the lateral girth region. This



motion assesses mid to lower neck flexibility in lateral
bending and rotation. Normally, horses should be able to
readily touch their nose to the girth and hold the stretch for 
5 seconds. The treat is then advanced along the ribs towards
the point of the hip (i.e. tuber coxae). This motion assesses

trunk flexibility in lateral bending. Normally, horses should
be able to readily touch their nose to the point of the hip and
hold the stretch for 5 seconds. Horses with back pain or stiff-
ness will not be able to reach their nose to their tuber coxae
and notable left-to-right asymmetries in range of motion will
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Grade Scale Pain Muscle hypertonicity Joint stiffness Overall functional 
ability

Absent 0 No clinical evidence No clinical evidence of muscle No clinical evidence of Full functional 
of pain hypertonicity joint stiffness capability

1 Mild pain Mild muscle hypertonicity Mild joint stiffness Mild restriction in 
ability

Precipitate with firm Precipitate with firm pressure No resistance to any Able to work at the 
pressure only only induced movement walk and trot
Localized pain Segmental muscle hypertonicity Segmental joint stiffness Able to perform while 

ridden
Mild 2 Deep structures affected Unilateral muscle hypertonicity Unilateral joint stiffness Work limited during 

canter, gallop or 
jumping

Soft tissue OR osseous One muscle group affected Good overall flexibility Unable to do advanced 
structures maneuvers
Chronic pain condition No fasciculations induced with Reduced dorsoventral Noticeable dysfunction

firm palpation OR lateral bending during certain activities
3 Occasional, mild reaction Hypertonicity varies with Stiffness due to Mild inco-ordination 

to grooming applied pressure muscular restrictions present

4 Moderate pain Moderate muscle hypertonicity Moderate joint stiffness Moderate restriction in 
ability

Precipitate with  Precipitate with moderate Tolerates some induced Able to work 
moderate pressure pressure movements adequately at the walk
Regional pain Regional muscle hypertonicity Regional joint stiffness Difficult to perform 

with rider
Moderate 5 Superficial OR deep Unilateral OR bilateral muscle Unilateral OR bilateral Work limited to walk 

structures affected hypertonicity joint stiffness or trot only
Several soft tissue AND Two different muscle groups Limited flexibility in one Unable to do lateral 
osseous structures affected OR more directions work or inclines
Chronic OR acute pain Fasciculations induced with Reduced dorsoventral Performs activity with
condition firm palpation AND unilateral bending much effort

6 Consistent, moderate Hypertonicity worse with Stiffness due to Moderate 
reaction to grooming applied pressure connective tissue inco-ordination present

restrictions

7 Severe pain Severe muscle hypertonicity Severe joint stiffness Severe restriction in 
ability

Precipitate easily with Precipitate easily with mild Resents any induced Able to stand 
mild pressure or touch pressure or touch movements comfortably
Generalized pain Generalized muscle Generalized joint Unable to perform with 

hypertonicity stiffness rider
Severe 8 Superficial AND deep Bilateral muscle hypertonicity Bilateral joint stiffness Work limited to walk 

structures affected only
Multiple soft tissue AND Multiple muscle groups affected Poor flexibility in Unable to back up
osseous structures multiple directions
Acute pain condition Spontaneous fasciculations Reduced dorsoventral Resents all activities

present AND bilateral bending
9 Consistent, strong Constant, severe muscle spasms Stiffness due to Severe inco-ordination 

avoidance response intra-articular restrictions present

Incapacitated 10 Severe, generalized, Severe, generalized, constant Severe, generalized Unable to perform at 
unrelenting pain muscle spasms joint stiffness any level
All soft tissue and All muscle groups affected No flexibility induced in Unable to stand 
osseous structures bilaterally any direction comfortably
affected

Table 21.3 Subjective assessment and grading of spinal dysfunction



be seen if a back problem only affects structures on one side
of the body. The distance of the nose from the tuber coxae can
be measured (e.g. 10″ or able to reach the 15th rib) and
changes assessed over time.
Active flexion range of motion A treat is directed cranially
between the forelimbs and towards the front feet. This motion
assesses flexion flexibility of the mid to lower neck and
withers. The clinician needs to place a hand on the ipsilateral
carpus to prevent knee flexion during the range of motion
assessment. Normally, horses should be able to readily touch
their nose between the front feet and hold the stretch for 
5 seconds. Those with pain or stiffness in the withers or back
will not be able to reach their nose to their front feet and will
flex one or both of their knees to compensate while reaching
for the treat.
Passive range of motion Passive range of motion
(PROM) is assessed by measuring the amount and character-
istics of joint motion beyond the active joint ranges of
motion. These procedures require muscle relaxation so that
passive joint motion can be induced and evaluated. However,
there may be a high risk of injury if the excessive forces are
applied to the body regions, without protective muscle tone.
This is especially true when evaluating joint range of motion
while under sedation or anesthesia. Most passive joint range
of motions are assessed segmentally in non-sedated horses
with more refined and detailed motion palpation techniques
(see later section).
Active assisted range of motion Active assisted range of
motion (AAROM) or spinal reflexes are often assessed with
firm pressure applied to specific body regions that secondarily
induce characteristic vertebral column movements. Diag-
nostically, the induced movements are graded as reduced,
normal and exaggerated. Therapeutically, the induced move-
ments are often held for a set period of time to induce stretch
of hypertonic muscles and creep relaxation of shortened
connective tissue (i.e. fascia or ligaments) or to strengthen
weak or unco-ordinated agonist muscles via concentric
contractions.
Wither elevation Firm pressure applied along the ventral
midline at the level of the sternum and cranial linea alba will
induce elevation of the withers via isometric contraction of
the thoracic portion of the serratus ventralis muscle.
Pressure is applied with the fingertips or fingernails of one or
both hands. Normally, horses will readily elevate the withers
and midthoracic vertebrae (T7–T17) approximately 3–4 cm
and hold the position for 5–10 seconds. Horses with cranial
thoracic pain or stiffness will not be able to elevate the
withers and will resent the applied pressure. Caution needs to
be applied to horses with girth sensitivity or pain, since they
often resent the applied pressure and may kick out with a
hindlimb. This exercise is often indicated therapeutically to
induce relaxation of a hypertonic spinalis muscle associated
with poor saddle fit (i.e. too narrow a tree).
Trunk elevation Firm pressure applied bilaterally along the
muscular groove between the biceps femoris and semitendi-
nosus muscles induces elevation of the back via isometric
contraction of the rectus abdominis muscle. The muscular
groove is located approximately 10 cm (4″) lateral to the base

of the tail. Pressure is applied bilaterally with equal pressure
from the fingernail of the index fingers or needle caps, if
needed. A variation of the technique involves the application
of firm manual compression at the sacrocaudal junction but
the response is often less consistent or dramatic. Normally,
horses should readily elevate the thoracolumbar vertebrae
(T12–L5) approximately 10–12 cm. The induced movement
should be controlled and co-ordinated and able to be held for
20–30 seconds. Horses with back pain or stiffness will not be
able to elevate the trunk and will resent the applied pressure.
Other horses may immediately flex their pelvis and slightly
hop upwards on the hindlimbs or step away from the applied
pressure. This exercise is similar to muscular efforts required
during collection while performing certain dressage move-
ments. It is often indicated therapeutically to induce relax-
ation of the thoracic or lumbar longissimus muscle
hypertonicity associated with back pain, poor collection and
coupling of the lumbosacral region and lack of impulsion
from the hindlimbs.
Spinal reflexes Firm pressure applied unilaterally along the
length of the longissimus muscles will induce localized con-
traction of the stimulated back or croup musculature. Light
pressure with a needle cap or ballpoint pen is applied either
along the long axis of the spine or transversely across the
longissimus or middle gluteal muscles. There seems to be
some confusion as to the clinical significance of the observed
response to the applied stimuli. Some clinicians place
significance on exaggerated or rapid movement away from
the applied pressure, which is believed to be indicative of
muscle pain. However, horses often have differing amounts of
skin sensitivity or inconsistent responses to various stimuli,
which may not be reliable indicators of back pain.27 Some cli-
nicians believe that resistance or lack of movement away
from the applied pressure is clinically significant and indica-
tive of severe muscle guarding or pain and the horse is unable
or unwilling to move its back despite the applied pressure. In
the author’s opinion, the procedure often appears to be an
unnecessary and noxious stimulus for most horses with back
pain. Other, less noxious means of assessment are more
informative in most horses with back pain. The procedure
should be reserved for very stoic horses, where a question
exists about the ability to actively lateral bend or flex and
extend the trunk.

Blunt pressure applied unilaterally to the epaxial muscula-
ture will induce three characteristic and repeatable spinal
reflexes. The first portion of the reflex occurs as a stimulus is
applied to the saddle region (T10–L3). Normally, the horse
will respond with an induced contralateral lateral bending
and extension of the trunk away from the applied stimulus.
Horses with back pain may have an exaggerated response
and will rapidly and dramatically move away from the applied
stimuli. Other horses, presumably due to excessive muscle
guarding or nervousness, will not move away from the
applied stimulus and will resist moving their trunk in the
characteristic pattern of contralateral lateral bending and
extension. The second portion of the reflex occurs as a stimu-
lus is continued along the cranial croup region (L4–S3).
Normally, the horse will respond with an induced extension
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of the lumbosacral joint. Horses with back pain may have an
exaggerated response and will rapidly and dramatically move
away from the applied stimulus. Horses with hypertonic or
injured iliopsoas muscles would theoretically resent any
induced extension of the lumbosacral junction due to sec-
ondary stretching of the iliopsoas muscles. The third portion
of the reflex occurs as a stimulus is continued along the
caudal croup region (S4–tuber ischii) along the muscular
groove between the biceps femoris and semitendinosus
muscles. Normally, horses will respond with an induced
flexion of the lumbosacral joint and ipsilateral lateral
bending of the trunk towards the applied stimuli. Horses with
back pain may have an exaggerated response to the applied
stimuli and will rapidly and dramatically immediately flex the
pelvis and step away from the applied pressure. Bilateral
application of pressure in the same location will induce
flexion of the lumbosacral joint without lateral bending, as
described above.

Soft tissue palpation

Any palpation of the musculoskeletal system requires a quiet
and co-operative patient. Horses that are moving around and
not willing to stand quietly are difficult to assess fully for back
problems. The horse’s response to being approached and its
anticipation of palpation are often used as an indication of
potential back pain or hypersensitivity. Many owners will
report a change in behavior (i.e. pinned ears, swishing tail) as
a horse with back pain anticipates being touched or having
the saddle placed on its back. Other complaints include a
newly developed sensitivity to being groomed in one particu-
lar location on the trunk. The hallmarks of vertebral segment
dysfunction include localized pain and abnormal paraspinal
muscle tonicity.45

Palpation is often a reliable technique used to localize and
identify soft tissue and osseous structures for changes in
texture, tissue mobility or resistance to pressure.6,46 The soft
tissue layers are evaluated from superficial to deep without
simply increasing digital pressure but also shifting attention
with discrete palpatory movements. Shapes of structures,
transitions between structures and attachment sites may also
be palpated.40 Soft tissue texture and mobility can be com-
pared between the skin, subcutaneous tissues, thoracolum-
bar fascia and muscle.
Skin and subcutis Acute back pain and inflammation will
produce local areas of palpable heat, whereas chronic back
problems can be identified by focal regions of colder tem-
peratures, relative to the surrounding or contralateral
tissues. Thermography provides an objective measure of tem-
perature variations within the superficial tissues of horses
with back problems. The hair, epidermis, dermis and subcu-
taneous tissues should be evaluated systematically with
detailed palpation and observation for potential contributing
factors to back pain or discomfort. The hair coat is evaluated
for changes in hair texture or alopecia, which are often
indicative of abnormal saddle or blanket wear. Asymmetric
dirt or sweat patterns after removal of the saddle pad are also
important indicators of poor saddle fit. A common presenting

complaint for horses with back problems is localized sensitiv-
ity to routine grooming or brushing.

The skin around the withers should be evaluated for evi-
dence of acute injuries associated with poor saddle fit or
improper blanket wear, which are characterized by localized
hair loss, open skin lesions (saddle galls) and signs of inflamma-
tion. Chronic saddle fit or blanket wear lesions are identified by
the presence of white hairs and scar tissue over the dorsal or
lateral aspects of the withers. In some horses, localized sites of
edema or hives may occur after riding with a poor-fitting saddle
or pad.27 The epidermis should be evaluated for scabs, scrapes,
lacerations, fly bites (ventral dermatitis), sarcoids and der-
matophilus (rain scald), which may be primary causes of back
pain or are irritated with saddle or girth placement. The dermis
is palpated over the trunk region for eosinophilic granulomas or
melanomas. Eosinophilic granulomas may regress sponta-
neously or enlarge and become ulcerated with continued fric-
tion in the saddle region. The subcutaneous tissues are palpated
for edema or cellulitis, masses, fat deposits and the mobility of
the skin over the underlying loose connective tissue. Chronic
scar tissue, adhesions and fibrosis may produce back pain if the
affected tissues are restricted or pulled on during locomotion or
trunk movements. Blood vessels, nerves and lymph nodes are
important structures that reside within the subcutaneous
tissues.
Connective tissue palpation Connective tissue struc-
tures, such as the fascia and ligaments, are systematically
evaluated for clinical signs of acute or chronic injury.
Fascia The dense connective tissue that forms the
superficial and deep fascia is systematically evaluated for
masses, rents, scar tissue and tonicity. The overlying skin and
subcutaneous tissues are mobilized by a firm, broad contact.
The superficial fascia is assessed for smoothness and uniform
tonicity or compliance. The superficial fascia typically forms a
superficial covering of muscle bellies, whereas the deep fascia
forms folds of connective tissue between muscle bellies and
anchors to deeper osseous structures. Severe or deep trauma
to the myofascial tissues (e.g. kicks, deep lacerations or
abscesses) can produce residual fibrosis that limits adjacent
muscular activity and fascial extensibility. The thoracolum-
bar fascia is the most prominent fascia of the trunk and is
particularly evident at the thoracolumbar junction as it
blends medially with the supraspinous ligament. In the
lumbar region, the thoracolumbar fascia attaches to 
the cranial aspects of the tuber sacrale and iliac wing, deep 
to the overlying middle gluteal muscle.
Spinal ligaments The spinal ligaments are systematically
palpated for masses, fiber disruption, fibrosis and signs of
desmitis (i.e. swelling or pain). The nuchal ligament forms a
broad attachment to the dorsal apexes of the spinous
processes of the withers and continues caudally as the
supraspinous ligament. The supraspinous bursa lies between
the nuchal ligament and the T3–T5 dorsal spinous processes.
The supraspinous bursa is not normally palpable, unless dis-
tended or possibly infected (i.e. fistulous withers). Firm digital
pressure is applied dorsally and laterally to the nuchal and
supraspinous ligaments and ligamentous attachments at 
the dorsal spinous processes. The entire length of the 
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supraspinous ligament is palpated by lateral compression
between the index finger and thumb. The induction of spinal
flexion will cause the supraspinous ligament to be more
prominent and readily palpable.
Pelvic ligaments Unfortunately, most of the pelvic liga-
ments are inaccessible due to their location deep to the
gluteal musculature or within the acetabular region of the
hip. The dorsal portion of the dorsal sacroiliac ligament and
the caudal portion of the sacrosciatic ligaments are the only
palpable ligaments of the pelvic region. The dorsal sacroiliac
ligaments are palpable in the croup region as two large round
ligaments that originate on the caudal aspect of the tuber
sacrale and converge caudally on the sacral spinous pro-
cesses. Firm digital pressure is applied dorsally and laterally to
the dorsal sacroiliac ligaments, bilaterally and individually, to
lateralize any localized pain or swelling, indicative of desmi-
tis. The caudal attachment of the sacrosciatic ligament at the
tuber ischii is palpable and should be evaluated for pain and
symmetry in tonicity. Horses that consistently carry their tail
off to one side or have a history of sacral fractures may have
palpable differences in sacrosciatic ligament tonicity. The
trochanteric bursa is located between the tendon of the
accessory gluteal muscle and the greater trochanter of
the femur. Like other bursae, it is not palpable unless inflamed
or distended. Trochanteric bursitis often presents as upper
hindlimb lameness and not as a back problem.
Muscle palpation The trunk and pelvic musculature is
evaluated systematically from superficial to deep with
detailed palpation of abnormal muscle tonicity, pain or fasci-
culations. Muscle palpation is done with light but firm pres-
sure applied by a broad contact with the entire hand, not only
the fingertips, which may unduly localize the applied pres-
sure and precipitate a pain response (i.e. false positive).
Regional muscle tone and development of the neck, trunk
and proximal limb musculature is assessed and compared left
to right. Muscles are then individually identified and evalu-
ated for masses, fibrosis, swellings or depressions. Individual
muscles and their attachments are assessed unilaterally and
then compared bilaterally for tonicity and the response to
manual palpation (i.e. sensitivity). Local or regional alter-
ations in temperature or texture are carefully palpated for
signs of active inflammation.
Muscle development Muscle evaluation begins with obser-
vation and palpation of the neck, shoulder, pectoral, wither,
trunk, gluteal and thigh muscle development and symmetry.
Muscle atrophy can be due to partial or complete denerva-
tion, disuse, malnutrition or immune-mediated disorders.43

Obese horses are often difficult to palpate due to poor muscle
development and indistinct myofascial borders. Epaxial
muscle development is assessed by laying a hand transversely
across the longissimus and middle gluteal muscles. Horses
with exceptional back muscle development should have a pal-
pable convexity or outward curvature of the muscles along
the entire distance from the withers to the croup. De-
conditioning or poor flexibility may contribute to epaxial
muscles that are palpably flat between the dorsal spinous
processes and the ribs laterally. Horses with chronic back
problems or poor saddle fit will have a palpable concavity or

inward curvature of the epaxial muscles at the withers or
along the trunk. Asymmetries in muscle development may be
palpable cranial to caudal, medial to lateral or left to right.
The thoracic portion of the spinalis muscle is the most com-
monly affected muscle in the wither region. The longissimus
muscle is the most commonly affected trunk muscle. The
middle gluteal and the vertebral portions of the biceps
femoris, semitendinosus and semimembranosus muscle are
common areas to visualize or palpate muscle asymmetries in
the pelvic region.
Muscle tonicity The general muscle tone varies between
horses and breeds. Nervous or excited horses will have overall
increased muscle tone, whereas stoic, depressed or systemi-
cally ill horses will have reduced or sometimes flaccid muscle
tone. Arabians tend to carry more muscle tone whereas most
Warmbloods or draft breeds will allow deep palpation of their
generally relaxed muscles. Muscle tonicity is an indirect
measure of muscle activity or contraction. Electromyography
(EMG) provides a direct assessment of muscle activity but it is
not readily available in most clinical situations and it is often
difficult to perform and interpret.43

Muscle tonicity is categorized as hypotonicity, normal
tonicity and hypertonicity. Normal epaxial muscles are not
contracted in a quietly standing horse, but are relaxed and
malleable. Muscle hypotonicity or flaccidity is indicative of
neuropathies, such as disuse or denervation atrophy. Muscle
hypertonicity is the most commonly palpable abnormality in
horses with acute or chronic back problems and can have
either neural or myopathic origins.43 Generalized muscle
hypertonicity may affect a small portion of a muscle (i.e.
trigger point), an entire muscle belly or a regional group of
muscles. Muscle spasms are an acute, severe form of muscle
hypertonicity, with substantial pain and loss of muscle func-
tion. Detailed palpation and a thorough knowledge of mus-
cular anatomy will help to identify which muscle or muscles
are primarily affected, and which adjacent muscles are likely
to have secondary guarding due to common biomechanical
or neurologic factors. In general, localized muscle hyper-
tonicity is considered an acute or primary back problem
whereas regional longissimus muscle hypertonicity is often
associated with a chronic hindlimb lameness or systemic
disease.

Trigger points are characterized as localized bands or foci
of muscle contracture and pain within a muscle belly.47,48

Muscle contractures are not associated with normal neural
firing and subsequent depolarization of the muscle mem-
brane.43 Trigger points occur in consistent and predicable
locations, presumably due to alterations in local muscle func-
tion caused by changes in posture or biomechanics. In horses
with back or pelvic problems, focal hypertonic muscle bands
with a lower pain pressure threshold (i.e. increased sensitiv-
ity) can often be found in the middle gluteal muscle. The clin-
ical significance of trigger points in the middle gluteal muscle
is difficult to determine since they do not always correlate
with the presence or severity of lameness or back problems.

Muscle spasms or splinting are characterized as involun-
tary, pronounced and unremitting muscle contractions in
response to severe and unrelenting pain (e.g. colic) or meta-
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bolic disturbances (e.g. electrolyte imbalances or exertional
rhabdomyolysis). Horses with acute or severe back pain may
present with muscle splinting but other underlying medical
conditions that may be more life threatening or critical need
to be ruled out immediately. Muscle splinting severely
restricts the ability to evaluate trunk mobility and the palpa-
tion of underlying soft tissue structures. Therefore, medical
treatment of the primary problem or the administration of
muscle relaxants is often required before a complete evalua-
tion of the vertebral column can be accomplished.
Muscle pain The assessment of muscle pain is often sub-
jective and is dependent on the evaluator’s tactile skills and
interpretation of clinical significance. The clinical assessment
of acute versus chronic pain is relatively straightforward but
determination of the exact etiology and appropriate treat-
ment regime are diagnostically challenging. Acute muscle
pain is characterized by heat, firm swelling or edema, sub-
stantial hypertonicity and pain and dysfunction of the
affected muscle region. Acute muscle pain may be due to
direct trauma (e.g. kick or other blunt trauma) or metabolic
disorders (i.e. exertional rhabdomyolysis). The thoracic
portion of the spinalis muscle is a common site of muscle
pain, associated with a poor-fitting saddle (i.e. too narrow a
tree). Chronic muscle pain has a more neurogenic basis and
is due less to direct inflammatory mediators.

Horses with acute sacroiliac joint injuries may have local-
ized sensitivity to palpation of the gluteal musculature and
surrounding soft tissues in the dorsal croup region.33

Protective muscle spasms may be palpated in the adjacent
middle gluteal musculature and the vertebral portions of the
biceps femoris, semitendinosus and semimembranosus
muscles. A localized region of edema may occasionally be
palpated over the lumbosacral junction38 but this is not a
specific finding related to sacroiliac joint injury.
Algometry In humans, the diagnosis of chronic fatigue
syndrome or fibromyalgia is often based on the presence of
decreased pain thresholds at a set number of standardized
musculoskeletal locations. The clinical syndrome of myofas-
cial pain in horses is common and quite similar to humans.
Unfortunately, we often have a poor understanding of the
etiopathogenesis and the objective assessment of muscle
pain. Algometry (dolorimetry) of soft tissue structures pro-
vides an objective measure of muscle or ligamentous pain
pressure thresholds (i.e. the minimum force that causes dis-
comfort or pain).49 It utilizes a force gauge and plunger to
measure left-to-right asymmetries or identify subnormal
values.48 In horses, normal algometry values for soft tissue
landmarks are typically 20–30 pounds/cm.2 Horses with
myofascial pain often have algometry values of less than 10
pounds/cm.2

Guarding of the back is an exaggerated response to typi-
cally innocuous stimuli or sudden movements. This abnor-
mal response is commonly seen in nervous horses or those
with back pain. Pronounced muscle guarding with move-
ment away from any anticipated contact or placement of the
saddle is considered abnormal. Horses should not react
adversely to any grooming or superficial or deep muscle pal-
pation27 although a few sensitive horses may have a mild,

temporary avoidance to deep muscle palpation. Any exagger-
ated attempts to avoid palpation or the presence of prolonged
muscle contractions or fasciculations should be considered
abnormal. Horses with back pain and muscle soreness may
have localized areas of muscle fasciculations depending on
the amount and type of pressure applied.
Muscle fasciculation Muscle fasciculations are usually
indicative of profound muscle weakness, electrolyte imbal-
ances or primary muscle pathology although, muscles may
fasciculate at characteristic locations distant to an area of
palpation.27 In humans, this is indicative of referred pain,
which is difficult to truly assess in horses due to the lack of
verbal feedback. In horses with back or gluteal muscle pain, it
is common to find areas of muscle fasciculations in the mid-
lumbar longissimus muscles when firm, localized pressure is
applied to hypertonic or painful areas (i.e. trigger points)
within the middle gluteal muscles. This is an intriguing
response since the motor innervation of the reactive lumbar
longissimus muscles is provided segmentally by dorsal
branches of the spinal nerves of L2–L4 and the middle
gluteal muscle is innervated by ventral branches of the spinal
nerves that contribute to the cranial gluteal nerve (L6–S2).

Osseous palpation

Osseous palpation involves evaluating osseous structures for
pain, morphology, asymmetries and alignment. Individual
thoracic, lumbar and sacral spinous processes are palpated
for a painful response with firm digital pressure applied to the
osseous structures of the dorsal midline.50 Typical signs of
discomfort include tossing the head upwards, extension of
the back or withers away from the applied pressure or local-
ized secondary muscle spasms. Algometry (pain pressure
thresholds) of osseous landmarks provides an objective
measure of bony pain and allows monitoring of the effective-
ness of treatment protocols. Normal algometry values for
osseous landmarks are higher than soft tissue values and
typically exceed 30–40 pounds/cm2. Horses with bone 
pain often have osseous algometry values less than 
10 pounds/cm2.
Dorsal spinous processes The morphology of individual
dorsal spinous processes is compared to adjacent spinous
processes. It is common to palpate seemingly higher, wider or
laterally displaced dorsal spinous processes. However, unless
there is also localized pain or muscle hypertonicity adjacent
to the affected dorsal process, then the spinous process devia-
tion is probably not clinically significant. Individual spinous
process deviation is common but it is not often associated
with spinous process fracture or vertebral malposition (i.e.
bone out of place), as is commonly thought. Overlapping or
malaligned dorsal spinous processes are often caused by
spinous process impingement, developmental asymmetries in
the neural arch or isolated dorsal spinous process deviation of
unknown etiology.51,52 Palpably taller or wider dorsal spinous
processes occur presumably due to avulsion fractures or
osseous proliferation within or at supraspinous ligament
insertion sites (i.e. enthesiopathies). Radiographs, ultra-
sonography and scintigraphy are useful modalities to
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document the cause of palpable differences in dorsal spinous
processes.
Tuber sacrale The tuber sacrale of the pelvis are palpated
for height asymmetries and pain response to manual com-
pression. Unilateral or bilateral prominence of the tuber
sacrale may be noted, but is not usually clinically significant
unless associated with clinical signs of localized pain or
inflammation or positive findings on diagnostic imaging (e.g.
scintigraphy). In acute sacroiliac injuries, asymmetry in
gluteal muscle development is uncommon, unless pro-
nounced osseous pelvic asymmetry is also present. Firm
digital pressure applied to the dorsal aspect of the tuber
sacrale has been reported to produce a variable and inconsist-
ent pain response.53 In the author’s opinion, dramatic and
consistent pain responses have been produced in affected
horses with specific provocation tests that are useful to estab-
lish a presumptive diagnosis of sacroiliac joint injury or
pelvic stress fractures. The procedure involves simultaneous
manual compression of the dorsal aspects of both tuber
sacrale, which induces a bending moment on the iliac wing
and presumably compresses the sacroiliac articulations 
(Fig. 21.8). Normally, horses will not have any response or
only a mild response to the applied pressure. Mild contraction
of the lumbar longissimus muscles and slight extension of
the lumbosacral joint is normal for most horses. Acutely
affected horses may have a dramatic reaction to this mani-
pulation and will demonstrate severe longissimus muscle
contractions and sudden collapse of the hindlimbs which is
indicative of pelvic injury or sacroiliac joint pain.27

Practitioners should gradually apply increasing pressure
since affected horses may actually collapse in the hindlimbs
and fall to the ground if excess force is applied to the painful
tuber sacrale. This test is not specific for sacroiliac joint
pathology, as horses with incomplete or stress fractures of the
ilial wing may respond even more dramatically to the applied
pressure.

The apex of the second sacral spinous process is a reliable
landmark used to evaluate relative tuber sacrale displace-
ment. Normally, the dorsal apices of the tuber sacrale and the
second sacral spinous process lie in close apposition and
follow the contour of the croup. Using palpation, ultrasound
or radiographs, a physical discrepancy in height can often be
identified between the dorsal profile of the sacral spinous
processes (which should remain constant, unless fractured)
and the potentially ventrally or dorsally displaced unilateral
or bilateral tuber sacrale. In this manner, either unilateral
(i.e. tuber sacrale height asymmetry) or bilateral tuber
sacrale displacement (i.e. hunters’ or jumpers’ bumps) can be
diagnosed, depending on whether one or both tuber sacrale
are elevated relative to the apices of the sacral spinous
processes. Tuber sacrale height asymmetry is evident in
sacroiliac joint subluxation (the higher side is affected) and
complete ilial wing fractures (the lower side is affected).
Bilateral tuber sacrale displacement has an unknown clinical
significance and may be present in many high-level competi-
tion horses.38 Theoretically, the hunters’ or jumpers’ bumps
may provide a longer lever arm for the strong longissimus
and thoracolumbar fascia to produce extension at the 
lumbosacral joint, resulting in increased impulsion and
range of hindlimb motion with subsequent improved
performance.
Pelvis Lateral compression of the tuber coxae and tuber
ischii is indicated in horses with acute pelvic lameness to help
rule out complete pelvic fractures. Palpation or auscultation
of the dorsal pelvic region during repetitive side-to-side move-
ments also assist in the diagnosis of pelvic crepitus. Normally,
the tuber sacrale move in unison during locomotion. A pal-
pable or visible independent movement of the tuber sacrale at
a walk or during treadmill locomotion is indicative of sacroil-
iac joint luxation or a complete pelvic fracture. Horses with
acute sacroiliac joint injuries may also resent flexion of the
contralateral hindlimb. Rectal palpation is also indicated to
assess osseous morphology (e.g. displaced fracture fragments
or callus) and soft tissue pain or swelling (i.e. hemorrhage) in
horses with suspected pelvic fractures.

Segmental joint motion

A vertebral motion segment is the functional unit of the spine
and includes two adjacent vertebrae and the associated soft
tissues that bind them together. To utilize palpation in the
evaluation of the musculoskeletal system fully, an under-
standing of how joint motion is assessed is required.40 Joint
motion can be categorized into three zones of movement:
physiologic, paraphysiologic and pathologic. The physiologic
zone of movement includes both active and passive ranges of
motion and is the site where joint mobilization is applied.
Moving an articulation from a neutral position first involves
evaluating a range of motion that has minimal, uniform
resistance. As the articulation is moved toward the end of
that range of motion there is a gradual increase in the resist-
ance to movement (i.e. joint end-feel). End range of motion
starts when any change in resistance to passive joint manip-
ulation is palpable. Joint end-feel is evaluated by bringing the

Fig. 21.8
Forces applied during a sacroiliac joint provocation test
(dorsal view). Firm pressure is applied bilaterally with both
hands, compressing the dorsal aspects of the tuber sacrale.



articulation to tension and applying rhythmic oscillations to
the joint to qualify the resistance to movement. The normal
joint end-feel is initially soft and resilient and gradually
becomes more restrictive as maximal joint range of motion is
reached. A pathologic or restrictive end range of motion is
palpable earlier in passive joint movement and has an abrupt,
restrictive end-feel when compared with normal joint end-
feel. The paraphysiologic zone of movement occurs outside
the joint’s normal elastic barrier and is the site of joint cavi-
tation and manipulation. The anatomic barrier of the joint
marks the junction of the paraphysiologic and pathologic
zones of movement. The pathologic zone of movement lies
outside the limits of normal anatomic joint integrity and is
characterized by joint injury (e.g. sprain, subluxation or 
luxation).

Combining the evaluation of segmental joint range of
motion and the presence or absence of pain at the extremes of
motion, diagnostic interpretations can be implied.54 Normal
joint motion is painless, suggesting that articular structures
are intact and functional. Normal joint mobility that has a
painful end range suggests that a minor sprain of the associ-
ated articular tissues is present. Painless joint hypomobility
suggests that a contracture or adhesion is present. Painful
hypomobility suggests an acute strain with secondary muscle
guarding. Painless hypermobility may indicate a complete
rupture and a painful hypermobility suggests a partial tear of
the evaluated structure.
Motion palpation Motion palpation is used to evaluate
each individual vertebral and pelvic articulation for loss of
normal joint motion and overall resistance to induced
motion. The goal of palpating joint movement is to evaluate
the initiation of motion resistance, the quality of joint motion
and end-feel, and the overall joint range of motion (ROM).
Similar palpatory findings can be noted in other soft tissues such
as skin, connective tissue, muscles or ligaments.46 Each verte-
bral segment is evaluated for altered motion palpation findings
in flexion and extension, right and left lateral flexion and right
and left rotation. Segmental causes of vertebral movement
restrictions include soft tissue (e.g. capsular fibrosis, muscle
spasms or contractures) and osseous (e.g. malformations,
osteoarthritis, ankylosis) pathologies. Vertebral segments with
altered motion palpation findings (i.e. joint stiffness) can occur
with or without localized muscle hypertonicity and pain.
Comparisons of motion palpation findings before and after
manipulation or stretching exercises are made to evaluate the
vertebral motion segment response to treatment.
Wither motion palpation Lateral forces are applied to indi-
vidual dorsal spinous processes of the withers (T3–T12) to
assess lateral bending and rotation of individual thoracic
vertebral motion segments. The practitioner stands facing 
the withers. To stabilize the cranial and caudal vertebral seg-
ments, the bases of both hands are applied to the ipsilateral
surface of the spinous processes adjacent to the vertebra
being evaluated. The index fingers contact the contralateral
surface of the dorsal spinous process to be assessed. A com-
pressive force is applied between the index fingers and base of
the hands to induce slight rotation of an individual thoracic
spinous process. Normally, 3–4 mm of spinous process move-

ment is palpable, without any evidence of pain or muscles
spasms in response to the applied force. In horses with wither
discomfort due to poor saddle fit, an obvious pain response
(e.g. a rapid elevation of the head, depression of the withers)
and local muscle hypertonicity will be precipitated with the
applied pressure. In chronic forelimb lameness (e.g. lamini-
tis), individual spinous process motion will not be detectable
and the entire withers will move as a unit due to presumed
chronic fibrosis and muscle guarding.
Trunk lateral bending motion palpation Lateral forces are
applied to individual dorsal spinous processes of the trunk
(T13–L6) to assess lateral bending and rotation of individual
thoracolumbar vertebral motion segments. The practitioner
stands facing the trunk. The base of the tail is grasped in the
caudal hand, which provides side-to-side motion during the
procedure. The base of the cranial hand is positioned against
or between the spinous processes of interest. A lateral
bending moment (i.e. wiggle) is induced as the cranial hand
rhythmically pushes laterally and the caudal hand pulls lat-
erally. The cranial hand is repositioned at the sequential
dorsal spinous processes from cranial to caudal in order to
assess lateral bending and rotation at individual thoracolum-
bar vertebral segments. Normally, a slight springy end-feel of
joint motion is palpable at each motion segment, without any
evidence of pain or muscle spasms in response to the applied
force. In horses with back problems, restricted vertebral
motion or stiffness is palpable and there is evidence of local
pain and muscle spasms in response to the applied pressure.
In general, acute or primary back problems produce segmen-
tal stiffness, pain and muscle hypertonicity. Chronic or sec-
ondary back problems produce regional stiffness, pain and
muscle hypertonicity or atrophy.
Rib motion palpation Lateral compressive forces are
applied to the individual ribs and costochondral junctions to
assess pain and mobility. The base of the hand is positioned
over individual ribs as a medial motion is induced, similar to
expiration. The hand is repositioned at the sequential ribs and
costochondral junctions from cranial to caudal. The amount
of rib motion, resentment and secondary muscle spasms are
noted during the induced movements. Normally, a slight
springy feel is palpable at each rib, without any evidence of
pain or muscle spasms. In horses that are girthy or have back
problems, restricted rib motion or stiffness is palpable and
there is evidence of local pain, resentment and muscle
spasms in response to the applied pressure.
Trunk flexion-extension motion palpation While standing
on an elevated surface, ventrally directed forces are applied
rhythmically over individual dorsal spinous processes to
assess flexion and extension of individual thoracolumbar
(T13–L6) vertebral motion segments. The palm of one hand
is placed over the dorsal aspect of the spinous process of
interest. The other hand grasps the wrist and both hands
apply a ventral force equally. An extension moment and
rebound flexion (i.e. bounce) is induced as the hands rhyth-
mically push ventrally. The hands are repositioned at sequen-
tial dorsal spinous processes from cranial to caudal.
Normally, a slight springy end-feel of joint motion is palpable
at each motion segment, without any evidence of pain or
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muscle spasms. In horses with back problems, restricted
motion or stiffness is palpable and there is evidence of local
pain and muscle spasms in response to the applied pressure.
Lumbosacral flexion-extension motion palpation Ventral-
ly directed forces are also applied rhythmically over the tuber
coxae to induce extension of the sacroiliac and lumbosacral
articulations. The practitioner stands facing the pelvis. The
fingers are placed over the dorsal aspect of the tuber coxae to
induce the ventral motion. A normal response to the induced
movement is fluid vertical motion of the lumbosacral region
with 1–2 cm of dorsoventral displacement over the lumbar
dorsal spinous processes. Horses with pelvic or lumbar dys-
function will have a noticeable pain response, resent the
induced movement or will have protective gluteal or sublum-
bar muscle spasms that limit the induced movement. The
vertically directed force primarily induces movement at 
the lumbosacral junction, but sacroiliac joint motion and
potential injury must also be differentiated with this
procedure.
Sacroiliac ligament stress tests The sacroiliac ligaments
are not readily palpable in horses. However, specific forces
applied to the pelvic prominences (i.e. tuber sacrale, tuber
coxae or tuber ischii) or the sacral apex can provide an indi-
rect method to assess the structural and functional status of
the supporting ligaments.
Dorsoventral sacroiliac ligament stress tests Sacroiliac
ligament injury can be identified by rhythmically applying a
ventrally directed force over the lumbosacral dorsal spinous
processes in an effort to stress the supporting sacroiliac liga-
ments. This procedure requires the practitioner to get up on
an elevated surface (i.e. mounting block) so that the two sep-
arately applied forces can be directed vertically over the L6
and S2 dorsal spinous processes, respectively. Horses with
sacroiliac ligament injuries would be expected to resent the
induced movement over the L6 dorsal spinous process since it
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specifically stresses the interosseous sacroiliac ligament (i.e.
ligamentous sling of the sacropelvic junction). Horses with
lumbosacral vertebral joint dysfunction (i.e. localized pain,
reduced joint motion and muscle hypertonicity without
structural pathology) may also resent this procedure.
Rhythmically applied ventrally directed forces over the dorsal
spinous processes at the sacrocaudal junction would be
expected to specifically stress the dorsal portion of the dorsal
sacroiliac ligament. A positive response to this test combined
with positive ultrasound findings of desmitis of the dorsal
sacroiliac ligament would be highly suggestive of clinically
significant dorsal sacroiliac ligament injury.
Lateral sacroiliac ligament stress test Sacral apex devia-
tion can be assessed by applying simultaneous, but opposite
directed, lateral forces to the tuber sacrale and the sacrocau-
dal junction (Fig. 21.9). Sacroiliac joint or ligament injuries
can also be localized by evaluating pain and ligamentous
laxity in the sacroiliac joint. These procedures are similar to
valgus-varus stress tests used to evaluate the collateral liga-
ments of the distal limb articulations. Care should be taken
not to apply excessive force due to the long lever arm action of
the sacral apex on the sacroiliac ligaments, which can unduly
stress unstable or partially torn ligaments or aggravate an
acutely inflamed sacroiliac joint. The proposed mechanism of
action of these tests is to use the base of the tail and sacrum
as a handle to apply a lateral (horizontal plane) stress to the
sacroiliac joint as the wing of the ilium is stabilized.

The technique involves two parts. First, the base of the
hand closest to the horse’s head is placed over the lateral
aspect of the tuber sacrale. The hand closest to the tail grasps
the base of the tail head (Cd2–3). The sacroiliac joints are
then evaluated as firm pressure is simultaneously applied by
both hands, pushing with the hand at the tuber sacrale away
from the examiner and pulling with the hand at the tail head
toward the examiner (Fig. 21.9A). Theoretically, this maneu-

(A)                                               (B)

Fig. 21.9
Forces applied during a sacroiliac ligament stress test (dorsal view). (A) Firm pressure is applied by both hands, pushing with the
hand at the ipsilateral tuber sacrale away from the examiner while simultaneously pulling with the hand at the tail head toward the
examiner. (B) Firm pressure is applied by both hands; pulling with the hand at the contralateral tuber sacrale toward the examiner
while simultaneously pushing with the hand at the tail head away from the examiner.



ver produces compression of contralateral and distraction of
ipsilateral sacroiliac articular surfaces.

The second portion of the technique involves repeating the
procedure and reversing the direction of the applied forces
(Fig. 21.9B). The fingers of the hand closest to the horse’s
head are placed over the contralateral tuber sacrale and the
base of the hand closest to the tail is placed against the ipsi-
lateral base of the tail head (Cd2–3). The sacroiliac joints are
again evaluated as firm pressure is applied by both hands,
pulling with the hand at the tuber sacrale toward the exam-
iner and pushing with the hand at the tail head away from
the examiner. Theoretically, the contralateral sacroiliac artic-
ular surfaces are distracted and the ipsilateral sacroiliac
articular surfaces are compressed. A pain response to the
induced movements may be identified either unilaterally or
bilaterally, depending on the extent of inflammation or injury
present. In general, sacroiliac joint compression would be
expected to aggravate osteoarthritic changes, whereas joint
distraction would be expected to stress any injured or
inflamed sacroiliac ligaments.

Proximal limb evaluation

In horses with back or pelvic problems, the proximal limbs
are often affected either primarily or secondarily. Primary
thoracic or pelvic girdle muscle or joint dysfunction is often
evident as lameness in the affected limb. However, back or
pelvic problems can also induce secondary proximal limb
dysfunction that needs to be differentiated. Muscular or
osseous asymmetry of the shoulder or pelvic regions are
often indications of limb dysfunction or lameness. The pec-
toral region is viewed cranially to assess muscular symmetry.
The dorsal scapula and wither region are viewed caudally
from an elevated surface to assess bilateral symmetry and
muscle development related to proper saddle fit. The croup or
gluteal region is also viewed caudally to assess symmetry and
muscle development. Horses with pelvic lameness or EPM
often have noticeable gluteal muscle atrophy or asymmetry.
The tuber sacrale are assessed for osseous asymmetry associ-
ated with pelvic fractures, sacroiliac joint subluxation or
developmental factors. Changes in the height of the tuber
sacrale should be assessed relative to the apex of the second
sacral spinous process (S2).

Abnormal tonicity of the thoracic or pelvic girdle muscles
is identified by hypotonicity or flaccidity, and hypertonicity
associated with local trigger points or regional muscle
spasms. The proximal limbs are also evaluated for normal
ranges of motion or flexibility. In the forelimb, the scapu-
lothoracic and shoulder joints are evaluated. In the hindlimb,
the sacroiliac and coxofemoral joints are assessed. The fore
and hindlimbs are individually examined in protraction,
retraction, abduction, adduction and flexion for resistance to
the applied movements, joint stiffness or muscle hypertonic-
ity. Horses with back or pelvic problems will resent certain
movements, have reduced limb motion and will not actively
extend and stretch the limbs. Normally, horses will actively
stretch their fore and hindlimbs when positioned in protrac-
tion and retraction. Extension of the hindlimb caudally will

apply a stretch to the hindlimb protractor muscles, which
include the iliopsoas, rectus femoris and tensor fascia latae.
Injury to these muscles will produce resentment to passive
stretching of the hindlimb. Iliopsoas muscle injury or hyper-
tonicity can also be confirmed with rectal palpation.

Diagnostic injections

The use of injections of local anesthetics into painful or
inflamed musculoskeletal structures is the basis of lameness
evaluation. Fortunately, the same principle can be applied to
painful soft tissue, articular or osseous structures of the back
and pelvis.

Muscle

Injection into areas of perceived muscle pain or reactive
acupuncture points helps to assess the contribution of
muscle pain to the observed back problem, cause of poor per-
formance, vague gait abnormalities or resentment to place-
ment of the saddle.27 Before and after comparisons of the
muscle response to applied pressure (i.e. algometry) or
changes in gait help to confirm the clinical significance of the
muscle pain to the primary presenting complaint. In
humans, trigger point therapy relies on the use of intramus-
cular injections of local anesthetic to reduce focal areas of
muscle pain and hypertonicity. Similar techniques have been
applied in horses with mixed results, which are mostly related
to the inability to adequately define and measure muscle pain
and dysfunction.

Interspinous spaces

Injections of local anesthetics into narrowed interspinous
spaces or areas of interspinous pseudoarthrosis can be used
diagnostically and therapeutically to assess the influence of
over-riding or impinged spinous processes on back pain. The
clinical significance of impinged spinous processes is often
difficult to assert based solely on radiographic findings, since
impinged spinous processes are often diagnosed in horses
without obvious back pain. Firm digital palpation of affected
dorsal spinous processes often produces a localized painful
response (e.g. cutaneous trunci reflex or active extension of
the back). Confirmation of the clinical significance of poten-
tial impinged spinous processes can be achieved with injec-
tions of local anesthetics. At sites of severe impingement or
proliferation, it is often impossible to pass a needle directly on
midline into the interspinous space. In this instance, a para-
median approach to the interspinous space provides lateral
access to the area of pathology, which reduces the need to
advance a needle through a collapsed interspinous space,
although bilateral injections of the affected interspinous
spaces are required. Nuclear scintigraphy is also an impor-
tant adjunct in the definitive diagnosis and localization of
impinged spinous processes as a contributing cause to back
pain. Therapeutically, interspinous injections with anti-
inflammatories (i.e. corticosteroids) provide variable 
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effectiveness and durations of pain relief and normal spinal
function.

Articular processes

Articular process osteoarthritis is a common pathology and
an important contributor to back pain. Like articular limb
lameness, intra- or periarticular injections of the articular
processes can assist in the localization and treatment of the
presumed back pain. Periarticular injections of articular
processes in the thoracolumbar spine can be used both diag-
nostically and therapeutically. Ultrasound guidance is recom-
mended due to the deep location and close proximity to the
spinal neurovascular structures that exit the intervertebral
foramen.35 Intra-articular injections of the articular
processes are difficult due to the small articulation and sparse
joint capsule; therefore periarticular injections are often per-
formed. A 15 cm spinal needle can be used with ultrasound
guidance to assess the articular process joint capsule in most
horses.

Sacroiliac joint

The ante-mortem diagnosis of sacroiliac osteoarthritis is
often frustrating and based on exclusion of other possible
causes of hindlimb lameness.33,55 In humans, periarticular
injections of the sacroiliac joint are easy to perform, safe and
seemingly effective in controlling pain associated with
sacroiliac joint osteoarthritis.56–58 The deep overlying croup
musculature and seemingly inaccessible anatomic location of
the sacroiliac joint has limited the clinical application of
intra-articular or periarticular sacroiliac joint injections in
horses.33,55,59 Injection of the general sacroiliac region for
diagnostic and therapeutic purposes has been performed, but
inappropriate needle placement or the use of too short
needles explain why most techniques have had suboptimal
diagnostic or therapeutic effects.38,60,61

A medial approach to the sacroiliac joint provides the most
direct, safe and consistent periarticular injection technique
(Fig. 21.10).62 Periarticular injections are made as close as
possible to the caudomedial sacroiliac joint margin due to the
high prevalence of degenerative changes affecting the caudo-
medial sacroiliac joint margin.52,63 Important neurovascular
structures to be avoided include the sciatic nerve and the
cranial gluteal nerve, artery and vein that pass through the
greater sciatic foramen, directly caudal to the sacroiliac
joint.64 Osseous topographic landmarks used to identify the
needle entry site and the direction of needle advancement
include the contralateral tuber sacrale and the ipsilateral
tuber coxae and greater trochanter of the femur. The mid-
point of the distance from the cranial aspect of the tuber
coxae and the cranial aspect of the greater trochanter is used
as a target for needle advancement. The needle entry site is
2 cm cranial to the contralateral tuber sacrale. The needle
entry site and the midpoint of the tuber coxae and greater
trochanter are connected with white tape to indicate the
direction of needle advancement. A 25 cm, 15 gauge spinal
needle is bent slightly in the direction of the bevel of the

needle to match the medial curvature of the iliac wing. The
needle is inserted with the bevel facing toward the targeted
sacroiliac joint and advanced along the medial aspect of
the iliac wing until it firmly engages the dorsal surface of
the sacral wing, near the medial border of the sacroiliac 
joint. Poor performance or vague proximal hindlimb lame-
ness associated with sacroiliac osteoarthritis can be diag-
nosed and treated with this reliable and easy-to-use injection
technique.62

Diagnostic imaging

Radiographic examination

For diagnosing lower limb lameness, radiographs are usually
the first imaging modality used. However, due to difficulties
associated with radiographing the equine back, other diag-
nostic imaging modalities may be used initially to localize the
presumed inciting cause of back pain or dysfunction.
Standing position It is possible to take good-quality lateral
views of the thoracic (T1–T18) and cranial lumbar spine
(L1–L4) in the standing position.65 Using portable equip-
ment, the dorsal apexes of the spinous processes for T2–L3
can usually be visualized. Powerful equipment is necessary
for radiographic examination of the horse’s vertebral
column, because exposures of up to 150 kV and 500 mA
may be required in large horses.66 Exposure values will vary
according to the system employed, but a few suggested radi-
ographic techniques are given in Table 21.4.67

One of the major problems encountered in radiography of
such a thick subject is the inevitable production of secondary
radiation. However, there are a number of ways to minimize
scatter. The tube can be mounted on an overhead gantry
system and linked to a cassette holder on the far side of the
horse. The primary beam can then be automatically directed
to the center of the cassette and the beam size can be care-

Fig. 21.10
Diagram of a medial approach to the sacroiliac joint for
diagnostic or therapeutic purposes (dorsal view).The needle
is directed from the cranial aspect of the contralateral tuber
sacrale toward the caudomedial aspect of the affected
sacroiliac joint.



fully collimated to the size of the film. This system makes it
possible to use high-ratio and crosshatch grids with
confidence to effectively reduce scatter. The fastest possible
system of intensifying screens and film (e.g. rare earth
screens) should be employed so that exposures can be kept to
a minimum. Most radiographic film cassettes contain lead in
the backing, but at exposures over 100 kVp, it is advisable to
place an additional lead sheet behind the cassette to absorb
backscatter. As the scatter is oriented perpendicular to the
ground with a film-focus distance of 150 cm, an air gap
exists between the spine and the cassette and this helps to
reduce the amount of scatter reaching the film. There is a
considerable difference in tissue attenuation between the tips
of the spinous processes and the vertebral bodies; thus, at
least two radiographs of the same region at different expo-
sures must be taken or some form of beam filtration is necess-
ary. Considerable improvement in radiographic quality can
be obtained by filtering (dodging) part of the primary beam to
help compensate for the marked variation in thickness of the
horse’s spine.66

The horse should be sedated prior to radiography to reduce
the degree of movement and to allow the handler to stand
well out of range of the beam. Stocks are also useful to
prevent movement. Lead markers placed midline on the
horse’s back are useful for orientation on the radiographs.
The horse must be standing completely square, as the spine
rotates to some extent if one leg is non-weight bearing. For
the dorsal apexes of the spinous processes, the beam should
be centered 5 cm ventral to the dorsal skin surface; for 
the region of the vertebral bodies, it should be centered
15–20 cm below the dorsum depending on the size of the
horse. The beam should normally be horizontal but for visu-
alization of the dorsal articular facets in the cranial lumbar
region, it is useful to angle the beam from a ventral to dorsal
orientation at an angle of 20–30° to avoid superimposition
by the transverse processes. As a grid is being used, the cas-
sette must be tilted accurately at the same angle of 20–30°.67

Under general anesthesia It is not possible to take radi-
ographs of diagnostic quality of the caudal lumbar (L3–L6)
and sacroiliac regions in a standing horse. The horse must be
anesthetized and placed on its back in the frog-legged position
so that the cassette can be inserted beneath the pelvis for a

ventrodorsal view. Even in very large horses (i.e. weighing
over 700 kg), exposures above 150 kV are not required,
although up to 500 mA have been used on some occasions.
To limit scattered radiation, it is necessary to use crossed,
high-ratio grids and to put additional lead on the back of the
cassette to prevent backscatter.
Normal radiographic anatomy The thoracolumbar
spine of the newborn foal has a more pronounced curvature
(i.e. dorsally convex) in the midthoracic region than does the
adult horse.67,68 The dorsal spinous processes appear short in
relation to the length of the vertebral bodies, and in the
midthoracic region they are blunt ended or spatula shaped,
with wide interspinous spaces. The vertebral bodies have
well-defined cranial and caudal epiphyses, but all the other
ossification centers in the vertebral bodies and neural arch
have fused before birth. During the first few months of life the
thoracolumbar spine straightens out to some extent. In the
mid and caudal region there is some alteration in shape of
summits as well as a general lengthening and reduction in
size of the interspinous spaces. At about 12 months of age,
calcification of separate ossification centers on the summits
of the cranial spinous processes occurs, and these persist
without fusion into old age (i.e. 15 years or older). The tallest
point of the vertebral column is at the withers, usually
T4–T6. Areas of periosteal irregularity are frequently seen in
the midportion of the thoracic spine, but these are of no clin-
ical significance. The spines beneath the saddle region,
T11–T17, are considerably shorter and more upright; the
anticlinal vertebra is usually T15. Caudal to this, the spinous
processes are increasingly slanted forward and the inter-
spinous spaces are considerably narrowed. The summits are
variable in shape, but they have cranially directed, often
beak-shaped tips.

In the adult the thoracolumbar spine lies horizontal when
the horse stands squarely on a level surface. The ventral por-
tions of the vertebral bodies are clearly visible radiographi-
cally as far back as T16, because they form the roof of the
thoracic cavity. It is difficult to see the articulations of the ribs
and the articular and transverse processes unless oblique
views are taken. Behind the diaphragm, the lumbar vertebrae
as far back as L3 can be defined, as well as the articular and
transverse processes. Closure of the vertebral epiphyses
occurs at 3–3.5 years of age. In the region of the midback the
width of the interspinous spaces varies and some impinge-
ment or over-riding of the spinous summits may occur. This
is more often seen in Thoroughbreds than in other breeds and
seems to be related to the conformation of the back; it is more
common in stocky, short-coupled horses. The reduction or
obliteration of the interspinous spaces, chiefly in the region
from T13 to T18, is associated with local periosteal reaction
and focal areas of radiolucency. The spinous summits some-
times overlap one another and become misshapen presum-
ably because of the continued pressure from the adjacent
spines. In one survey of clinically normal horses, 34%
showed some degree of spinous process impingement.68

There are few variations noted in the normal radiographic
anatomy apart from the changes associated with impinge-
ment or over-riding dorsal spinous processes in the midback
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Vertebral structures Kilovolt Milliamps Grid
or region (peak)

Spinous processes
Withers (T3–T8) 75 30 No
Midthoracic (T9–T15) 70 55 Yes
Thoracolumbar (T16–L4) 85 80 Yes

Articular processes
Midthoracic (T9–T15) 100 + 200–300 Yes

Vertebral bodies
Thoracic (T5–T18) 75 55 Yes
Lumbar (L1–L5) 100 + 200–300 Yes

Table 21.4 Suggested radiographic techniques for imaging the
thoracolumbar spine
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region. Other osseous findings (e.g. abnormal spinal curva-
ture, osteoarthritis, vertebral fracture or spondylosis) are
incidental or are rarely encountered.

Primary indications for radiography of the pelvis include
acute or severe pelvic asymmetries, upper hindlimb lameness
and pelvic crepitus or fractures.69 Ilial wing overlap and the
deep anatomic location of the sacroiliac joint make radi-
ographic imaging difficult at best. The radiographic features of
chronic sacroiliac joint disease are minimal and include non-
specific increases in the joint space and apparent enlargement of
the caudomedial aspect of the sacroiliac joint.33 Linear tomog-
raphy has also been used to examine the lumbosacral and
sacroiliac regions of horses, but limited access to equipment has
restricted its clinical usefulness.70 Positive findings include
widening of the sacroiliac joint and irregular joint outlines with
osteophyte formation at the caudal aspect of the joint. Osseous
changes are common bilaterally, but may be more pronounced
on the clinically affected side.70

Scintigraphic examination

A useful adjunct to clinical diagnosis in recent years has been
the advent of nuclear scintigraphy for horses.71–74 The tech-
nique involves intravenous injection of a radionuclide and
detection of ‘hotspots’ of increased radioactivity in the bone
phase by use of a gamma camera. Scintigraphy is helpful in
detecting over-riding or impinged spinous processes, verte-
brae fractures, osteoarthritis, spondylosis, stress fractures of
the wing of ilium and some sacroiliac osteoarthritis.
Scintigraphy is particularly valuable in identifying bony
lesions at sites not accessible with conventional radiography.

The radiopharmaceutical most commonly used for equine
scintigraphy is 99 m technetium-labeled methylene
diphosphonate (99mTc-MDP). A weight-dependent dose
between 3 and 6 GBq (100–150 mCi) of 99mTc-MDP is
injected intravenously and images of the bone phase are
obtained 2–3 hours later. Due to the initial high renal and
bladder radioactivity, vascular phase and soft tissue phase
images of the thoracolumbar spine cannot be obtained.
Damaged skeletal muscle can be detected by abnormal soft
tissue uptake of 99mTc-MDP during bone-phase imaging, but
usually only if the horse has been strenuously exercised
before the scintigraphic examination.75

For a complete examination, the horse should be imaged
from both the left and the right; otherwise some subtle
lesions, for example those located at the articular processes,
can easily be missed. A high-resolution, low-energy, parallel-
hole collimator should be used; this gives a geometrical reso-
lution of 4.4 mm at a distance of 5 cm from the collimator
face. For the caudal thoracic and lumbar regions, the camera
is positioned obliquely at an angle of 50–65° to the horizon-
tal. This allows the distance between the camera and spine to
be minimized. Positioning the camera horizontally above the
spine results in superimposition of all the vertebral struc-
tures. The camera can be oriented perpendicular to the floor
for views of the cranial thoracic spine. When the camera is
positioned over the lumbar spine, the image quality may be
improved by shielding the kidney using a lead sheet.

The images are acquired on the basis of either counts or
time. One million counts or more are optimal for maximal
resolution of the caudal regions of the equine back and the
pelvis. This large number of counts requires several minutes
of immobility on the part of the horse, however, and thus
generally cannot be achieved without general anesthesia.
Movement of the standing horse can be minimized by appro-
priate sedation and quiet handling of both the horse and
camera. Blinders and cotton earplugs for the horse may help.
Nuclear medicine software that is able to correct for motion is
now available and this compensates for the slight swaying of
the horse and respiratory movements.
Normal scintigraphy findings In normal horses, regions
of bone close to the skin surface such as the tuber sacrale and
tuber coxae appear ‘hotter’ (i.e. increased radiopharmaceuti-
cal uptake) than adjacent bone structures, as there is less soft
tissue attenuation. Other superficial sites that appear slightly
‘hot’ are the apices of the spinous processes, particularly at
the withers. In good-quality images, the individual vertebra
can be clearly distinguished. The spinous processes and artic-
ulations have a slightly higher uptake, but this should be
equal for all joints in the region. On lateral oblique views,
each rib is located cranial to its respective vertebra. As an aid
to orientation, on left lateral views the 16th rib usually over-
lies the cranial pole of the right kidney.

Any scintigraphic abnormality appears as increased radio-
pharmaceutical uptake (a ‘hotspot’), whereas areas of dimin-
ished uptake are difficult to detect due to poor image
resolution. The most common sites for increased uptake are
at the apices of the spinous processes, the articular processes
or the sacroiliac region.

Nuclear scintigraphy is considered by some authors to be an
accurate and diagnostically useful technique for identifying
acute and chronic sacroiliac joint injuries.53 Subjective evalua-
tion or quantitative analysis of bone scans are typically able to
identify asymmetric radioisotope uptake over the affected tuber
sacrale. However, presumed normal horses, without a history of
hindlimb or sacroiliac joint injuries, may also have asymmetric
uptake over the tuber sacrale. A dorsal view of the sacrum is
considered the most diagnostic image for evaluating and com-
paring the sacroiliac joints.53 However, there is usually exten-
sive overlap of uptake in the tuber sacrale and the sacroiliac
joints on the dorsal view. Oblique views of the ilial wings are rec-
ommended to confirm left-to-right asymmetries in radioisotope
uptake and to separate the tuber sacrale dorsally from the
sacroiliac joint region ventrally,76 although oblique views may
be difficult to interpret due to inconsistent camera positioning
on the left and right sides. The thick overlying gluteal mus-
culature may also attenuate radiopharmaceutical uptake from
an affected sacroiliac joint. Stress fractures of the ilial wing may
be difficult to differentiate from sacroiliac joint injuries due to
the common location and extension of the incomplete fracture
line into the sacroiliac joint.53,77,78

Ultrasonographic examination

There has been considerable interest in recent years concern-
ing the value of ultrasonography for evaluation of the



epaxial structures, particularly the supraspinous and dorsal
sacroiliac ligaments.35,79

Supraspinous ligament A 7.5 or 10 mHz linear array
transducer is used to examine the supraspinous ligament that
runs dorsal to the thoracic and lumbar spinous processes. It is
necessary to clip the hair over an area of approximately 20 cm
in width extending from the withers to the base of the tail. The
ligament has an echogenic, striated appearance similar to
tendon. It is thinner and wider in the caudal withers region and
becomes narrower and thicker in the lumbar region. It is always
thinner as it runs over the spinous processes. The dorsal convex
surface of the spinous processes can be clearly seen and
impinged or over-riding spinous processes can be identified by
visualizing narrowed interspinous spaces. There may also be
evidence of false joint formation between impinging spines. The
echogenicity of the ligament may vary somewhat and a more
clearly defined fibrous pattern seen in the caudal thoracic and
lumbar regions. In the withers (T6–T9) it is sometimes possible
to see hyperechogenicity that may cast acoustic shadows. These
are associated with the secondary centers of ossification on the
dorsal tips of the spinous processes. A little caudal to this
(T9–T12) it is possible to see hypoechoic areas that may be asso-
ciated with cartilage metaplasia adjacent to the ligament inser-
tion into the dorsal spinous process. This does not usually have
any clinical significance.
Dorsal sacroiliac ligament The dorsal portion of the
dorsal sacroiliac ligament can be visualized with a
7.5–10 mHz linear array transducer as it runs from the tuber
sacrale to the summits of the sacral spinous processes.80 The
sacroiliac region is first viewed on midline in transverse
section. The tuber sacrale are seen as hyperechoic convex
lines on either side of the sacral spinous processes. The trans-
ducer is then moved laterally over the tuber sacrale so that
the dorsal portion of the dorsal sacroiliac ligament appears as
a crescent-shaped echogenic structure. Longitudinal views of
the dorsal sacroiliac ligament are then examined. The liga-
ments are examined for alterations in echogenicity and fiber
orientation, but particularly for any increase in size.
Additional pelvic and vertebral structures It is possible to
examine the dorsal surface of the iliac wing and caudal margin
of the sacroiliac articulation to identify dorsal cortex irregulari-
ties associated with incomplete and complete ilial wing frac-
tures.81,82 Denoix has elegantly demonstrated the visualization
of the thoracolumbar articular processes, transverse processes,
lumbosacral and caudal lumbar intervertebral disk spaces and
the sacroiliac joint.35 The ventral sacroiliac ligament and the
ventral joint margins of the sacroiliac joint can also be visual-
ized on transrectal ultrasonography.79 Ventral periarticular
remodeling of the sacroiliac joint has been observed with trans-
rectal ultrasound approaches. Muscle injuries are more difficult
to detect ultrasonographically, although in severe cases of
muscle strain an increased echogenicity with thickening of the
connective tissue septae within the muscle may be identified.

Thermographic examination

Thermography has been used successfully as an aid to diag-
nose back problems. However, it is important to have the

right equipment and to establish normal thermal profile
parameters. Even so interpretation of infrared thermography
imaging can be difficult. A single thermal study has little or
no prognostic value. Von Schweinitz concludes:

Thermal imaging reveals important information about the
neural outflow of the spine in terms of sympathetic tone.
The thermal findings are a compilation of local tissue
factors and vasomotor tone requiring care in interpreta-
tion. The relevance of disturbed vasomotor tone, especially
persistent vasoconstriction, is well established in chronic
back pain syndromes in man. Many of these syndromes
involve disturbing sensory faults (e.g. allodynia, burning,
aching) which can neither be directly communicated by
our patients nor readily described by any other current
diagnostic test.83

Thermography provides quick, safe and non-invasive assess-
ment of the whole patient. It takes into account a major
aspect of homeostasis and prompts one to investigate all
other thermally abnormal sites. With current diagnostic
technologies, it often provides the only objective evidence
confirming cases of equine back disease. Routine use of
thermal imaging in equine poor performance syndromes
confirms that thoracolumbar and sacral neuromuscular
disease is a common condition.83 Thermography has been
used to diagnose muscle strain or inflammation in the sacro-
iliac and croup regions.84 Horses with sacroiliac joint injuries
are expected to have protective muscle spasms in the adjacent
musculature. Palpation of muscle sensitivity has been corre-
lated with abnormal thermographic images in most cases.84

Magnetic resonance imaging (MRI) and
computed tomography (CT)

These are emerging modalities that have not yet been applied
to the problems involving the thoracolumbar spine. However,
the detail and quality of both skeletal and soft tissue struc-
tures elsewhere in the horse’s body mean that once the tech-
nological difficulties have been overcome there is great
potential for improved diagnostic ability for the thoracolum-
bar and lumbosacral spine.

Specific pathologic
conditions

Clinical signs associated with spinal muscle pathology
include atrophy, focal swelling and palpable tenderness of the
epaxial muscles. Spinal muscle biopsies help to evaluate sus-
pected back disorders, but are best used with a complete phys-
ical examination and imaging procedures. Spinal ligament
injuries affect the supraspinous and sacroiliac ligaments.
Osseous pathology has been observed at the vertebral
processes, intervertebral articulations and sacroiliac joints in
horses. Degenerative changes are common in many articular
processes, intertransverse, lumbosacral and sacroiliac 
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articulations. Osseous spinal lesions tend to affect multiple
vertebral locations.

Vertebral anomalies and deformities

Developmental variations in the morphology of thoracolumbar
vertebral bodies, processes and joints in horses are known to
occur, but usually result in secondary rather than primary back
problems.14–16,28,51 Congenital abnormalities that affect the
normal spinal curvature include scoliosis, lordosis and kypho-
sis. In newly born foals signs of scoliosis and lordosis are some-
times seen in association with other in utero postural
deformities (e.g. limb contractures, bent face and torticollis).
These may be severe and necessitate euthanasia or be mild
when they show an apparent complete recovery. The condition
of kyphosis (i.e. roach-back) is most frequently seen during the
period of active growth after weaning although the underlying
cause does not appear to be in the vertebral column. The
problem may be associated with a progressive straightening of
the hindlimb conformation during a growth spurt or perhaps be
secondary to a stifle or hock problem (e.g. osteochondrosis). The
condition of congenital lordosis (i.e. dipped or sway-back) has
been associated with hypoplasia of the cranial and caudal inter-
vertebral articular processes in the cranial thoracic region
T5–T10.85 There is overextension of one or more of these artic-
ulations leading to the ventral curvature of the midthoracic
spine. In older horses acquired lordosis is sometimes seen, par-
ticularly in brood mares after a number of pregnancies, but
usually no clinical problems are associated with it.

All these vertebral deformities predispose to some weak-
ness of the thoracolumbar spine, leading to poor perform-
ance and soft tissue injuries. Diagnosis can be confirmed by
radiography revealing abnormal curvature of the vertebral
column, principally in the cranial thoracic region (T5–T10)
with lordosis, mid- to caudal thoracic region with scoliosis
and the cranial lumbar region (L1–L5) with kyphosis.

Soft tissues injuries

Muscle strain

Damage to the epaxial tissues is undoubtedly the most
common cause of back injury in the horse.4 The main action
of the longissimus muscle is to extend the back (i.e. to
dorsiflex) or, if acting singly, to laterally bend the spine. The
primary role of these muscles is to control the stiffness of the
back rather than to actively assist locomotor movements.
Strain or injury to all or part of the longissimus muscles most
frequently occurs during ridden exercise because of a slip, fall
or poorly executed jump. It may be caused through fatigue or
inadequate fitness. The clinical signs are an acute onset of
poor performance often accompanied by a change of tem-
perament. Local swelling and heat of the muscles may occur,
particularly in the lumbar region. The back is kept rigid and
there is a restriction in the hindlimb gait at exercise, often
with a wider than normal rear limb stance. There may be
difficulty in maintaining normal tracking action of the

hindlimbs. Disunited canter and frequent breaking of stride
are also frequently seen. Stiffness of the hindlimb and back is
seen particularly in short turns, but no clear signs of lame-
ness are evident. There is obvious pain on palpation and a
marked reduction in flexibility of the thoracolumbar spine. In
the acute stages some elevation (i.e. 2–4 times baseline levels)
in the plasma levels of muscle-derived enzymes (CK and AST)
will be noted after mild exercise. If the sublumbar muscles are
involved pain will be easily elicited on rectal palpation.

Classic signs of exertional myopathy (i.e. rhabdomyolysis)
are not difficult to differentiate from muscle strain of the
back. However, the atypical low-grade form of exertional
myopathy is more difficult to diagnose as it can occur after
varying amounts of exercise, but is more commonly seen in
horses on a high-protein diet and in highly strung fillies or
mares in excellent bodily condition. Diagnosis can usually be
confirmed by determination of muscle-derived enzymes after
exercise. In exertional myopathy, levels will be increased
greater than five times over baseline values.

Polysaccharide storage myopathy (PSSM) has been recently
diagnosed from longissimus muscle biopsies in showjumpers,
dressage and draft horses.44 The horses showed typical signs of
a soft tissue back injury and biopsies from the longissimus lum-
borum muscles revealed high glycogen levels with abnormal
deposits of amylase-resistant polysaccharide. This study indi-
cates that muscle biopsy may be an important diagnostic aid in
some chronic back problem cases.

Ligamentous damage

Clinical conditions affecting the spinal ligaments include mild,
moderate or severe sprains. Severe injuries are characterized by
complete ligamentous disruption and joint laxity (i.e. joint luxa-
tion). A fairly common site of thoracolumbar injury in
Thoroughbred gallopers and jumpers is the supraspinous liga-
ment which runs all the way down the middle of the back and
is adherent to the summits of the thoracic and lumbar dorsal
spinous processes. It is made up of a continuous ligament to
which the multiple tendon insertions of the longissimus
muscles contribute. The composite structure is subject to strain
in the same way as the muscle injuries just described. The clini-
cal signs are essentially similar, but tend to persist for longer and
the ultimate prognosis is less favorable. The cranial lumbar
region is the most common site of injury. The ligament is often
visibly thickened above the spinous summits and pain is easily
elicited on palpation. Reduced lateral flexion of the thoracolum-
bar spine is seen in one or both directions. By taking low-
exposure radiographs, the soft tissue thickening and some focal
radiodensity in the ligament may be seen in long-standing
cases. Detached flakes from the spinous summits are also noted
on occasion and are associated with periosteal irregularity and
sclerosis on the dorsal surfaces of the spinous summits. This
may also be seen in the caudal withers’ regions, but care must
be taken not to confuse elevated periosteum with a vestigial
center of ossification on the dorsal tips of the T3–T12 spines.
Diagnosis can be assisted by ultrasonographic examination.35,36

The prognosis for supraspinous ligament strain is usually
guarded, largely because of the likelihood of recurrence. Some
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horses do recover but go on to develop signs of a ‘cold back’,
which is defined as temporary stiffness and a dipped back,
without affecting their competitive performance.

Other soft tissue lesions

These include such disorders as skin lesions (e.g. wounds, scars,
warbles, pruritic conditions), which may cause secondary signs
of back pain. Pressure or chaffing from an ill-fitting saddle, par-
ticularly in endurance competitions, may also be observed.

Thoracolumbar osseous pathology

Spinal disorders and sacroiliac joint injuries have been
identified as significant causes of chronic poor performance
in horses.4,33,86 In humans, the most common known
sources of back pain are related to the intervertebral disks,
zygapophyseal joints and sacroiliac articulations.87 Inter-
vertebral disk disease is uncommon in horses, but significant
and widespread degenerative changes of the thoracolumbar
zygapophyseal joints and sacroiliac articulations have been
reported, even in active race horses.52

Articular pathophysiology

The zygapophyseal joints are synovial articulations that
undergo joint capsule pathology and joint degeneration similar
to other synovial joints. Articular degeneration usually pro-
gresses through three phases of pathology: dysfunction, insta-
bility and degeneration. Joint dysfunction is characterized by
restricted joint motion, localized pain and inflammation, and
abnormal paraspinal muscle hypertonicity. Restricted articular
motion stimulates local biochemical alterations and the release
of inflammatory products. The inflammatory process can alter
the intra-articular environment and further contribute to joint
capsule pathology and periarticular fibrosis. Muscle hypertonic-
ity may restrict joint motion and contribute to adhesion forma-

tion. Joint immobilization also produces bone demineralization,
capsular adhesions and loss of ligamentous strength. Restoring
joint motion can lead to normal joint function, depending on
the amount and duration of the immobilization. Joint motion is
essential for the prevention of joint contracture and adhesion
formation. Progressive joint immobilization is characterized by
initial musculotendinous contractures, followed by capsular
and periarticular adhesions and eventual intra-articular
adhesions.

Joint degeneration progresses as the dysfunctional joint is
unable to distribute normal biomechanical stresses. The insta-
bility phase of joint degeneration is characterized by cartilagi-
nous, meniscal, capsular and ligamentous deformation and
degeneration. Abnormal joint and paraspinal tissue biome-
chanics induce additional subchondral bone changes and joint
derangement. Reduced or asymmetric motion in one vertebral
motion segment may induce compensatory hypermobility in
adjacent vertebral segments due to injuries to the joint capsule
or ligamentous laxity. The increased joint mobility results in
joint instability, joint derangement and secondary muscle
hypertonicity. Joint instability also affects the neurologic
influences of proprioception and the central neuromotor con-
trol of movement and posture. Potential radiographic findings
of articular instability may include osteophyte formation or ver-
tebral instability (i.e. listhesis). The spinal degenerative phase is
characterized by attempts at stabilization of the degenerative
tissues. Chronic joint immobilization can lead to fibrocartilagi-
nous replacement of the joint cavity and eventual ankylosis.
Radiographic signs of advanced osteoarthritis and osteophyte
formation, spinal ligament ossification and spinal ankylosis can
be visualized at this stage.

Articular process degenerative joint disease

As with any synovial articulation, loss of motion or aberrant
joint physiology can be a primary source of pain.21 Jeffcott
states that degenerative joint disease of the articular processes
(i.e. zygapophyseal joints) is common in older horses but

Fig. 21.11
Dorsolateral view of the lumbosacral
vertebral region (L2–S2) of a 4-year-old
racing Thoroughbred that fractured the
right front sesamoids during a race.Varying
degrees of spinous process impingement
(white arrows), vertebral lamina stress
fractures (black arrows), articular process
ankylosis (L4–L6) and bilateral
intertransverse joint ankylosis (L5–L6) are
present.



probably not clinically significant.88 However, Denoix reports
that zygapophyseal joint pathology at the thoracolumbar junc-
tion and lumbar vertebral region is one of the most common
spinal disorders associated with back pain.89 In a necropsy
survey of 36 Thoroughbred race horses, severe articular
process degenerative changes were reported in 25% of speci-
mens (Fig. 21.11).52 Articular surface lipping, osteophytes, peri-
articular erosions, intra-articular erosions and ankylosis (in
order of increasing severity) were noted. Articular surface lip-
ping and periarticular erosions of the articular processes were
common at the thoracolumbar junction and cranial lumbar
spine. Intra-articular erosions and ankylosis were restricted to
the caudal lumbar vertebral segments, where vertebral mobility
is normally limited.90 Additional studies may help to show that
the zygapophyseal joints are a clinically significant source of
back pain in horses, as has been shown in humans.87

Impinged or over-riding spinous process

Spinous process overlap, without any evidence of osseous
impingement, has been noted in horses.52 In humans, isolated
spinous process deviation is a common finding and can be
related to vertebral rotation (i.e. scoliosis) or developmental
asymmetries in the neural arch, but rarely is it associated with
spinous process fracture or malposition of the entire vertebra.91

Impinged or over-riding spinous processes (i.e. kissing spines)
are reported to be the most common osseous cause of back pain
in horses.4

Spinous process impingement in the thoracic spine occurs
most commonly between T13 and T18, reportedly related to
altered spinous process morphology.51,92 Thoroughbreds have a
higher prevalence of spinous process impingement or over-
riding compared with other breeds due to misshapen dorsal
apices and narrower interspinous spaces.4,51 Competitive
jumping or dressage horses reportedly have a higher pre-
valence of thoracolumbar spinous process impingement related
to ventroflexion or demanding spinal maneuvers.4 However,
dorsoventral vertebral mobility in the caudal thoracic spine has
not been reported to differ from other adjacent vertebral
regions, therefore increased dorsoventral movement may not
fully account for the vertebral distribution of spinous process
impingement.90,92 Additional weight-carrying requirements
have also been implicated because this vertebral region is
covered by the saddle while being ridden,41 although thora-
columbar spinous process impingement has been reported in
Standardbreds and an extinct equine species, Equus occidentalis,
which presumably have not had extraneous weight placed 
on their backs.93 Aging has not been found to be a factor 
in the pathogenesis of thoracolumbar spinous process
impingement.4,51,92

The diagnosis of impinged or over-riding spinous processes
is difficult since apparently normal horses often have a high
prevalence of osseous changes radiographically.

Vertebral lamina stress fractures

Stress fractures are usually characterized by bone-specific
predilection sites, periosteal and endosteal callus, an incom-

plete fracture line that may progress to complete fracture,
tendency to occur bilaterally, a predominance in athletes
undergoing strenuous or repetitive activities, and a patient
history of periodic, recurrent, low-grade lameness.78,81,94 In
a necropsy sample of Thoroughbred race horses, 50% (18 of
36) of specimens had incomplete fractures and focal
periosteal proliferation of the vertebral lamina, characterized
as vertebral stress fractures (see Fig. 21.11).77 Incomplete
fractures of the vertebral lamina occurred consistently at the
cranial aspect near the junction of a cranial articular process
and the spinous process. Most vertebral stress fractures were
continuous with vertical articular clefts of the cranial
articular processes, which may provide a site for stress con-
centration and may contribute to the etiopathogenesis of
equine vertebral stress fractures.95 Thoracolumbar articular
process morphology may also contribute to the development
of vertebral lamina stress fractures. The articular processes of
the caudal thoracic and lumbar portions of the spine
(T16–L6) are deeply interlocking and restrict axial rota-
tion.16,92 Complete articular process fractures in this verte-
bral region are thought to result from excessive axial
rotation.92 Most specimens had one vertebra affected unilat-
erally, but several specimens had multiple vertebral lamina
stress fractures and some were bilateral. Bilateral complete
fractures of the vertebral lamina were noted in one specimen,
so that the dorsal L6 vertebral arch and spinous process could
be removed.

Spondylosis

Spondylosis is a degenerative disease of the vertebral joints
that produces large osteophytes that bridge the ventral verte-
bral bodies. The exact cause of vertebral body osteophytes is
unknown but biomechanical and biochemical mechanisms
have been proposed.96 Abnormal joint loading produces
microtrauma and degeneration of the annulus fibrosis and
periarticular tissues. Portions of the annulus fibrosis and
ventral longitudinal ligaments become ossified and produce
partial bridging of the involved joints. As the osteophytes
increase in size, nerve roots may be compressed at the inter-
vertebral foramen or spinal cord compression occurs if the
proliferation extends dorsally into the vertebral canal. The
cycle of altered joint biomechanics and inflammatory media-
tors may continue until complete ankylosis and obliteration
of the joint occurs. The forming vertebral osteophytes and
the ankylosed vertebral bodies are susceptible to fracture due
to the reduced ability to absorb or transfer normal locomotor
forces through the ossified ligaments and fused vertebral
joints. Several vertebral bodies are usually involved, espe-
cially in advanced stages.

Vertebral fractures

Spinous process fractures of the withers (T2–T9) are usually
due to falling over backwards and landing on the highest
point of the back. Conservative care is usually recommended.
Proper saddle fit is difficult following fracture due to lateral
displacement of the multiple fracture fragments. Spinous
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process fractures do not typically cause spinal cord
compromise.97

Vertebral end-plate fractures occur more commonly in foals
and are usually related to a fall or significant trauma. Vertebral
body compression fractures have been reported in the thora-
columbar vertebral region (T1–T3, T9–T16 and T18–L6) and
are frequently due to physical trauma, electric shock or light-
ning strike.97–100 Depending on the severity of the vertebral
fracture, minimal fracture displacement is usually found. A
complete neurologic examination will help to localize the frac-
ture site if spinal cord compromise is present.101,102 Isolated
hindlimb paresis or paralysis with normal forelimb function
suggests a spinal cord lesion caudal to T2.

Sacral fractures are a common cause of cauda equina injury.
Horses that forcefully back into a solid object or fall backwards
can fracture the sacrocaudal vertebral region and produce
abnormal perineal neurologic signs. Careful palpation may help
to localize a site of pain or vertebral asymmetry.

Neurologic diseases

Conditions that are primarily neurologic in origin must
always be considered in differential diagnosis of a back prob-
lem. However, there are few disorders that can be specifically
related to the thoracolumbar vertebral column.

Ataxia

The most common group of conditions are those that cause
ataxia and proprioceptive deficits. These conditions include
cervical vertebral stenosis (CVS or wobbler disease), equine
protozoal myeloencephalitis (EPM), equine degenerative
myeloencephalopathy (EDM) and equine herpesvirus 1 vas-
culitis (EHV-1). Some of the signs in these conditions will be
similar to back problems mainly because of ataxia or inco-
ordination resulting in stiffness or splinting of the back
muscles. The hind action with varying degrees of propriocep-
tive deficit will cause stiffness (hypomelia), weakness and toe
dragging. Horses with EPM may also exhibit some lameness
and neurogenic atrophy of skeletal muscles. Other causes of
ataxia that are usually seasonal are associated with ingestion
of certain types of grass (e.g. rye grass, Bermuda and Dallis
grass). For more information see Chapter 24.

Lower motor neuron diseases

The condition of stringhalt can produce severe and bizarre
signs affecting the hindlimbs.103 However, in milder cases
stiffness and exaggerated action of one or both hindlimbs
may be seen. The specific etiology of this condition is not
known, but morphologically it appears to be distal axonopa-
thy.104 Another long-established but little understood condi-
tion is that of ‘shivering’. It is assumed to be of neurologic
origin, but its etiology is completely unknown. The clinical
signs involve muscle fasciculations of the back and hindquar-
ters, particularly if a hindlimb is picked up and fully flexed.
The condition rarely affects performance and does not appear

to be the cause of a genuine back problem. ‘Shivers’ may also
be confused with polysaccharide storage myopathy (see
Chapter 6).

Other neurologic diseases

Lyme disease (borreliosis) may need to be considered in some
locations where various species of ticks are present. The
infective agent is a spirochete, Borrelia burgdorferi, which may
cause neurologic signs of lethargy or aggression due to low-
grade meningitis. Musculoskeletal pain is usually due to poly-
arthritis or intermittent lameness. Serological confirmation
(i.e. IFA, ELISA and Western blot) is possible and response to
treatment with amoxicillin or tetracycline for 2 weeks may
support a diagnosis of Lyme disease.

Sacropelvic pathology

The ante-mortem diagnosis of sacroiliac joint injury in
horses is difficult and often based on a diagnosis of ex-
clusion.53 Based on a review of the literature, osteoarthritis 
of the sacroiliac joint is the most prevalent disease pro-
cess affecting horses with sacroiliac joint pain or dys-
function, although its clinical significance remains
uncertain.33,52,63,105 Degenerative changes tend to be bilater-
ally symmetric and localized to the medial aspect of the
sacroiliac joint (Fig. 21.12).

Sacroiliac ligament desmitis has been documented ultra-
sonographically in the dorsal portion of the dorsal sacroiliac
ligament.36,79,80 A diagnosis of sacroiliac ligament desmitis is
based on loss of normal echogenicity on a short-axis view and a
decrease in parallel fiber pattern on the long-axis view.
Complete sacroiliac ligament disruption is most likely due to
substantial trauma, such as flipping over backwards or cata-
strophic musculoskeletal injuries associated with race train-
ing.52 However, few cases of complete rupture of the sacroiliac
ligaments have been reported in the veterinary literature.52,106

The pathogenesis of apparent spontaneous or insidious
differences in tuber sacrale height needs to be further
researched.33 The presumed diagnosis of sacroiliac joint sub-
luxation based solely on the presence of tuber sacrale height
asymmetry is inappropriate.56 Variable degrees of tuber
sacrale height asymmetry occur frequently and may be due
to chronic asymmetric muscular or ligamentous forces acting
on the malleable osseous pelvis and not direct sacroiliac liga-
ment injury.107 Horses with chronic sacroiliac problems and
presumed sacroiliac joint subluxation have not had
identifiable changes in the sacroiliac ligaments at necropsy.33

In addition, Standardbred trotters with substantial tuber
sacrale height asymmetries did not have significant increases
in sacroiliac pain compared to horses with lesser degrees of
asymmetry.108 An ante-mortem diagnosis of sacroiliac joint
luxation can only be supported if an acute change in tuber
sacrale height asymmetry due to substantial trauma has
been documented or if sacroiliac joint instability (i.e. crepitus
or independent tuber sacrale movement) is evident during
physical examination.
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Category Specific methods

Rest Stall rest
Paddock turnout
Restricted or controlled exercise

Management Replace or reflock saddle
Therapeutic saddle pads
Change stable and work routine
Attempt reschooling or try another training approach
Graduated exercise program
Assess or modify rider’s equitation

Pharmaceuticals NSAIDs (oral, parenteral or local injection)
Corticosteroids (oral or local injection)
Muscle relaxants
Sclerosing agents (local injection)
Sweats or counterirritants
Hormonal therapy
RVI injections

Surgery Compound or comminuted fracture of the withers
Impinged dorsal spinous processes

Physiotherapy Heat (hot packs, infra-red heat lamp, poultice, short-wave diathermy)
Thermal Therapeutic ultrasound
Mechanical Hydrotherapy and swimming
Electrical Electrical muscle stimulation

Magnetic therapy (static and pulsed)
Shock-wave therapy

Manual therapy Osteopathic techniques
Articular techniques Chiropractic techniques (high velocity, low amplitude)
Soft tissue techniques Physical therapy techniques (mobilization, soft tissue techniques)

Manipulation under general anesthesia (MUA)
Massage therapy
Stretching exercises

Acupuncture Dry needle, aquapuncture, low-level laser puncture
Moxibustion

Nutraceuticals Chondroitin sulfate
Glucosamine
Glycosaminoglycans
MSM

Botanicals Western herbs
Chinese herbs

Homeopathy Arnica montana

Table 21.5 Techniques used in the treatment of back problems in horses

Fig. 21.12
Ventral view of the lumbosacral vertebral
region (L5–S2) of a 23-year-old
Thoroughbred used for dressage.The horse
had a clinical history of psoas muscle
soreness and chronic pain localized to the
lumbosacral junction. Bilateral
intertransverse joint ankylosis (L4–L6), a
large osteophyte at the right ventral
lumbosacral intervertebral foramen (white
arrow) and proliferative changes of the
sacral articular surface of the sacroiliac
joints (black arrows) are present.



Pelvic stress fractures also need to be ruled out in horses with
sacroiliac pain or dysfunction.41 A high prevalence of occult
pelvic stress fractures has been reported in Thoroughbred race
horses.77,78,94,109 Pelvic stress fractures occur in consistent loca-
tions on the caudal border of the ilium adjacent to the sacroiliac
joint.76,81,94 The incomplete fracture lines extend into the cau-
domedial aspect of the sacroiliac joint, which could possibly
produce concurrent sacroiliac joint inflammation and degrada-
tion. Complete ilial wing fractures (the most common type of
pelvic fracture) typically produce a palpably depressed tuber
sacrale on the affected side.78

Treatment and management

Medical management

The basic principles of medical management are to reduce pain
and muscle spasms to permit better healing, followed by a
program of rehabilitation and measures to prevent further
injury or stress to the back. It is therefore necessary in many
cases to use a combination of medications (e.g. NSAIDs, muscle
relaxants, corticosteroids, local irritants or analgesics) in addi-
tion to physiotherapy or manipulative therapies (Table 21.5).

Non-steroidal anti-inflammatory drugs
(NSAIDs)

For acute and severe pain from muscle strain, fractured
withers and acute sacroiliac injury, intravenous NSAIDs fol-
lowed by oral doses are beneficial. Phenylbutazone (1–2 g,
p.o., b.i.d.) is still the drug of choice for many equine practi-
tioners. Other NSAIDs include ketoprofen (2.2 mg/kg
(1 mL/100 lb), i.v., s.i.d. for up to 5 days) or naproxen
(5–10 mg/kg, p.o., b.i.d. for up to 14 days). If severe muscle
spasms are present then diazepam (0.08 mg/kg, i.v. or p.o.)
may also be administered.110 In mild or chronic cases, oral
naproxen once or twice daily (5–10 mg/kg) is recommended.
Phenylbutazone in low doses (1 g, p.o., s.i.d.) for mild aches
and stiffness can be beneficial, but may mask signs of devel-
oping tendinitis or other musculoskeletal injuries with long-
term use.110 In chronic cases with low-grade bone pathology
(e.g. over-riding dorsal spinous processes or osteoarthritis) a
course of NSAIDs can be useful in conjunction with a pro-
gressive exercise program. Exercise should begin with a grad-
uated program of lunging to build up and loosen the back
and hindquarter muscles. Once the horse is fairly fit on the
lunge line, riding work may begin. At this time oral phenylbu-
tazone (i.e. 4 g/day for 4 days; 3 g/day for 4 days; 2 g/day for
4 days; 1 g/day for 4 days and 1 g every other day for 8 days)
can be given as the exercise is gradually increased.

Muscle relaxants

Muscle relaxants such as dantrolene sodium (2 mg/kg, p.o.,
s.i.d.) and methocarbamol (15–44 mg/kg, p.o., s.i.d.) have

been advocated for many years, but their effectiveness does not
seem to be uniform in all horses.111 These drugs may not have
any specific effects other than reducing muscle tension or spasm
in order to allow natural healing to progress. Thiocolchicoside
(2–4 mg/100 kg, i.m., twice weekly for 4 weeks) and repeated
injections of methocarbamol (10 mg/kg, i.v.) have also been
advocated in Europe.112

Corticosteroids

The systemic use of corticosteroids is rarely indicated for
primary back problems because of the possible side effects of
laminitis, arthropathy and alimentary problems. NSAIDs are
usually more effective and are associated with fewer adverse
effects. The use of local injections into the interspinous
spaces for the diagnosis or treatment of impinged or over-
riding dorsal spinous processes has been successful.110 The
injection mixture includes methylprednisolone acetate,
isoflupredone acetate and serapin with approximately 5 mL
injected at each interspinous space of concern. Improvement
usually takes 2–6 days and repeated treatment is sometimes
necessary. Occasionally, a local infection at the injection site
can be a complication, which needs to be treated immediately
with antibiotics. Denoix & Dyson recommend local injections
of corticosteroids (flumethasone, 0.5–1 mg per injection site
with a maximum total dose of 4 mg; dexamethasone
1.5–2.5 mg per injection site, with a maximum total dose of
10 mg; methylprednisolone acetate, 40–60 mg per injection
site, with a maximum total dose of 200 mg), sometimes in
association with muscle relaxants or serapin.112 Injections of
corticosteroids around the sacroiliac joint region have been
used quite extensively, but currently there are no well-
designed or controlled trials reported in the literature. Larger
doses of corticosteroids (20 mL) mixed with serapin have
been advocated for sacroiliac joint injections.110

Additional medications

This is another controversial area and one where there is really
only anecdotal information on efficacy of a range of different
preparations. However, they have been widely used in practice,
often in combination with acupuncture or physical therapy.
Serapin Serapin is an aqueous solution derived from the
pitcher plant (Sarraseniaceae), which is said to block selec-
tively the C fibers that carry pain sensation in peripheral
nerves. Serapin is used alone or in combination with other
drugs (i.e. corticosteroids) and may be used for both soft
tissue (muscle and ligament injuries) and osseous problems
(e.g. over-riding dorsal spinous processes). Small doses of
1–2 mL of serapin are given at multiple sites.
Sclerosing agents Again a number of proprietary agents
have been used particularly around the sacroiliac joint and in
the region of the ventral sacroiliac ligament. Horses are
reported to improve their performance, but no scientific
reports of their use are available.
Iodine For chronic muscle soreness, multiple injections of
2% iodine in oil (Hypodermin or McKay’s solution, 3–4 mL,
i.m., at multiple sites) within the sore muscle (e.g. 
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longissimus and middle gluteal muscles) have been recom-
mended.110 The injection area is massaged and the horse
walked out the next day. Light work can then be resumed.
Scientific reports on the beneficial action of iodine on muscle
soreness are not currently available.
Hormones The estrus-suppressing drug altrenogest
(0.044 mg/kg (1 mL/110 lb), p.o., s.i.d.) has been useful in
some mares that exhibit apparent back pain when they are in
estrus. Also in young Thoroughbreds that show signs of ‘cold
back’ the use of estrone sulfate (0.1–0.15 mg/kg, i.m., every
2 weeks) may be beneficial.
Rubeola virus immunomodulator (RVI) Some practition-
ers have promoted RVI injections to assist in the reduction of
chronic muscle soreness in some horses. RVI (2 mL, SQ, s.i.d. for
6 or more days) is an inactivated rubeola virus that is reported
to have immunomodulatory effects that reduce chronic myo-
fascial inflammation. However, the exact mechanism of action
and extensive clinical reports are not currently available.

Mesotherapy

Mesotherapy is a technique that has been used for more than 30
years in France.113 It consists of multiple intradermal injections
with fine 5 mm needles into the dermatomes corresponding 
to the site of the lesion. The mechanism of action apparently
involves type I and II nerve fibers coming from the skin which
have collateral fibers that can inhibit pain transmission in the
spinothalamic fasciculus, from deep structures of the same
spinal segment to the thalamus and cerebrum.112

Mesotherapeutic injections are made using a mixture of
local anesthetic solution (7 mL of lidocaine, 140 mg), short-
acting corticosteroid (7 ml of dexamethasone, 15 mg), and
muscle relaxant (8 ml of thiocolchicoside, 20 mg). The injec-
tions are made at the level of the lesion and caudal to it, taking
into account the caudal orientation of the segmental nerves.
For example, if treating over-riding dorsal spines between T10
and T15, the treated region extends from T10 to L1. Two to
three rows of injections are made on each side of the median
plane. The horse is restricted to light work on the lunge for 
3 days. Normal training is progressively resumed over 5 days. A
substantial improvement is anticipated within 7–14 days. The
expected duration of action varies between 3 and 12 months.

Surgical management

There are few surgical indications for treatment of back prob-
lems except for impinged or over-riding dorsal spinous
processes. In young horses that fracture the dorsal spines in
the withers (T3–T10) surgery is not necessary unless the
fractures are highly comminuted, when it may be necessary
to debride the site to prevent infection or osteomyelitis.

Resection of dorsal spinous processes

Surgery for over-riding spinous processes was first reported
by Roberts114 and since then there have been a number of
modifications to the technique.34,115,116 However, the prin-

ciple is the same, which is to remove the parts of the spinous
processes that impinge. We believe that it is absolutely essential
to confirm the correct diagnosis and select the most appropriate
spines to alleviate the condition. There are many horses that
show radiographic findings of over-riding spinous processes
that do not exhibit clinical signs of a back problem.68

Furthermore, many milder cases of over-riding spinous
processes will respond to medical and conservative therapy.51

A recent paper reported by far the largest series to date and
recorded a good response to surgery in those horses that failed
to respond to conservative management.34 The surgical tech-
nique involved placing the horse in lateral recumbency. A
midline incision is made through the skin, subcutis and
supraspinous ligament. The incision extends from one spinous
process cranial to those identified for resection to one process
caudal to them. The dorsal 4–5 cm of the dorsal spinous
processes are dissected free of the supraspinous ligament, the
interspinous ligaments and adjacent muscle tissue. Partial
resection of the processes is performed with an oscillating saw
to a depth that ensures that there is a minimum gap of 5 mm
between the remaining bodies of each process resected. The
minimum number of processes are resected in each case (e.g. if
two processes are affected then one is removed, and if three are
affected only the middle one is removed). One centimeter of the
dorsal apex of the adjacent spinous process is also removed so
that the change from resected to unresected processes is less
abrupt. The supraspinous ligament and muscles are sutured
and a simple interrupted suture placed between these sutures.
The subcutis is sutured using three metric polyglycolic acid
sutures and the skin is closed. The wound is protected by a stent
bandage sutured over it. In the series, 72% of horses returned to
full work and a further 9% improved sufficiently to be used for
some athletic work.34

Chiropractic

Mechanism of action

Chiropractic evaluation focuses on evaluating and localizing
segmental vertebral dysfunction (i.e. chiropractically defined
‘subluxation’) which is characterized by localized pain,
muscle hypertonicity and reduced joint motion.117 A thor-
ough knowledge of vertebral anatomy, joint physiology and
biomechanics is required for proper chiropractic evaluation
and treatment. Alterations in articular neurophysiology from
mechanical or chemical injuries can affect both mechano-
receptor and nociceptor function via increased joint capsule
tension and nerve ending hypersensitivity.118 Mechano-
receptor stimulation induces reflex paraspinal musculature
hypertonicity and altered local and systemic neurologic
reflexes. Nociceptor stimulation results in a lowered pain
threshold, sustained afferent stimulation (i.e. facilitation),
reflex paraspinal musculature hypertonicity and abnormal
neurologic reflexes.

The goal of chiropractic treatment is to restore normal
joint motion, stimulate neurologic reflexes and to reduce pain
and muscle hypertonicity. Multiple theories have been pro-
posed and tested over the years to explain the pathophysiol-
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ogy of vertebral segment dysfunction and its interactions and
influences on the neuromusculoskeletal system.117,119 Chiro-
practic treatment is thought to affect mechanoreceptors (i.e.
Golgi tendon organ and muscle spindles) to induce reflex inhibi-
tion of pain and reflex muscle relaxation and to correct abnor-
mal movement patterns.45,120 Anecdotal evidence and clinical
experience suggest that chiropractic is an effective adjunctive
modality for the diagnosis and conservative treatment of select
musculoskeletal-related disorders in horses. However, thera-
peutic trials of chiropractic manipulations are often used since
we currently have limited formal research available about the
effectiveness of chiropractic procedures in equine practice.

During treatment, a ‘release’ or movement of the
restricted articulation is often palpable. An audible ‘cracking’
or ‘popping’ sound may also be heard during chiropractic
treatment as the applied force overcomes the elastic barrier of
joint resistance.121,122 The rapid articular separation pro-
duces a cavitation of the synovial fluid.123 In humans, radio-
graphic studies of synovial articulations after manipulation
have shown a radiolucent cavity within the joint space (i.e.
vacuum phenomenon) that contains 80% carbon dioxide
and lasts for 15–20 minutes. A second attempt to recavitate
the joint will be unsuccessful and potentially painful until the
intra-articular gas has been reabsorbed (i.e. refractory
period). The static position of the vertebral or sacroiliac joints
in humans has been studied before and after manipulation by
roentgen stereophotogrammetric analysis, which allows
precise measurements of three-dimensional articular move-
ment.124 Static palpation changes were noted before and after
manipulation but no changes were seen with the roentgen
stereophotogrammetric analysis. Therefore, soft tissue
responses such as joint capsules, muscles, ligaments, tendons
and postural neuromuscular reflex patterns should be the
focus of future spinal manipulative studies and not articular
malpositioning (i.e. bone out of place).124

Indications

The principal indications for equine chiropractic evaluation
are back or neck pain, localized or regional joint stiffness,
poor performance and an altered gait that is not associated
with overt lameness. A thorough diagnostic work-up is
required to identify soft tissue and osseous pathology, neuro-
logic disorders or other lameness conditions that may not be
responsive to chiropractic care. The primary clinical signs
that equine chiropractors look for are localized muscu-
loskeletal pain, muscle hypertonicity and restricted joint
motion. This triad of clinical signs can be found in a variety of
lower limb disorders, but is most evident in neck or back prob-
lems. Chiropractic care can help manage the muscular, artic-
ular and neurologic components of select musculoskeletal
injuries in performance horses. Musculoskeletal conditions
that are chronic or recurring, not readily diagnosed or are
not responding to conventional veterinary care may be indi-
cators that chiropractic consultation is needed. Chiropractic
care is usually contraindicated in the acute stages of soft
tissue injury. However, as the soft tissue injury heals, chiro-
practic has the potential to help restore normal joint motion,

thus limiting the risk for future reinjury.40 Chiropractic care
may provide symptomatic relief in early degenerative joint
disease if related to joint hypomobility and subsequent joint
degeneration. Chiropractic is usually much more effective in
the early clinical stages of disease versus end-stage disease
where reparative processes have been exhausted.

Contraindications

Chiropractic is not a ‘cure all’ for all back problems and is not
suggested for treatment of fractures, infections, neoplasia,
metabolic disorders or non-mechanically related joint dis-
orders. Acute episodes of sprains or strains, degenerative joint
disease or impinged spinous processes are also relative con-
traindications for chiropractic treatment. All neurologic dis-
eases should be fully worked up to assess the potential risks or
benefits of chiropractic treatment. Serious diseases requiring
immediate medical or surgical care need to be ruled out and
treated by conventional veterinary medicine before routine
chiropractic treatment is begun. However, chiropractic care
may contribute to the rehabilitation of most postsurgical cases
or severe medical conditions by helping in the restoration of
normal musculoskeletal function. Chiropractic care cannot
reverse severe degenerative processes or overt pathology.

Acupuncture

Mechanism of action

Acupuncture involves the insertion of fine needles into
specific predetermined locations (i.e. acupuncture points) to
produce therapeutic effects.125 Acupuncture points are often
chosen within the same dermatome as the lesion or condition
being treated, as well as local tender or painful sites, points
cranial or caudal, proximal or distal to the localized lesion.126

Additional methods of stimulation include acupressure,
aquapuncture, electrostimulation and low-level laser ther-
apy. Theoretically, each acupuncture point, or combination of
points, has specific therapeutic actions when stimulated.

The primary benefit of acupuncture for back problems 
is pain management via opioid (i.e. enkephalin and �-
endorphin) and non-opioid (e.g. serotonin) pathways.126

Pain relief is often immediate, but may have variable dura-
tions of effectiveness, depending on the type and severity of
musculoskeletal dysfunction. Acute injuries often respond
rapidly and require fewer treatment sessions, whereas
chronic musculoskeletal conditions may require periodic or
long-term treatment. Acupuncture is often the treatment of
choice for trigger points, which are localized tight, painful
bands of muscle at characteristic locations within large
muscle groups, particularly the middle gluteal muscle.

Indications

Clinical studies and experimental reports indicate that
acupuncture is a safe and effective modality for specific mus-
culoskeletal conditions if used properly.125 Disease conditions
managed by acupuncture include trauma, osteoarthritis and
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muscle hypertonicity. Pain is the primary indication for
acupuncture in horses with back problems. Acupuncture does
not have any known direct effects on reducing joint stiffness, as
do manual therapies. Therefore, synergistic effects are often
obtained with combined chiropractic and acupuncture treat-
ment that cannot be obtained consistently with either modality
by itself. The immediate pre-race use of acupuncture is banned
by many racing jurisdictions and athletic organization regula-
tions due to its potential misuse of analgesic properties.

Contraindications

There are few specific contraindications for acupuncture since
the majority of medical and surgical conditions have associated
indications for acupuncture. Fractures, active infections and
bleeding tendencies are relative contraindications. Risks and
complications associated with needle placement include infec-
tion, puncture of organs or pneumothorax. Solid needles or
aquapuncture are often recommended over the thoracolumbar
region due to the risk of breaking off a portion of the needle
within the epaxial muscles from the action of the thoraco-
lumbar fascia on the needle.

Physical therapy

Mechanism of action

Physical therapy modalities that may have direct application to
back problems in horses include devices that apply electrical
currents for pain control or neuromuscular rehabilitation;
thermal modalities (i.e. superficial and deep heat or cold ap-
plications) for influencing inflammatory mediators, collagen
extensibility and altering nerve conduction; and mechanical
approaches (e.g. massage, vibration, stretching and training
exercises) for maximizing musculoskeletal rehabilitation.

Indications

In the absence of trauma or documented pathologic findings,
the primary goal of treatment should address restoration of
function and prevention of future disability.40 Management
should be systematically and methodically directed toward
developing co-ordination and proprioception, flexibility,
strength and endurance. The negative effects of immobiliza-
tion and deconditioning should be minimized with early
mobilization and controlled activity. Increased mobility is
addressed with joint mobilization and muscle stretching.127

Altered movement patterns are addressed with co-ordination
via proprioceptive retraining, postural re-education, muscle
strengthening and endurance training.40

The primary indications of physical therapy for back or
pelvic problems include localized or generalized pain, joint
motion restrictions and altered back muscle tonicity.128 Pain
modulation can be provided by influencing inflammatory
mediators, altering pain perception and transmission, and
increasing �-endorphin levels. Physical therapy modalities
involved in pain control include electrical stimulation (i.e.
muscle stimulation, transcutaneous electrical nerve stimula-

tion (TENS)), the application of hot or cold, mechanical
vibration and electromagnetic modalities. Soft tissue and
articular motion restrictions (i.e. stiffness) can be directly
addressed with specific stretching exercises to induce creep
and stress relaxation within fibrotic or shortened periarticu-
lar soft tissues. With minimal training, horses and their
owners can be taught how to do simple but effective passive
joint mobilization and active stretching exercises (i.e. carrot
stretches) to improve both axial skeleton and limb flexibility.
Cryotherapy (i.e. ice packs or ice massage) is indicated in the
first 24–48 hours post injury to reduce pain, induce muscle
relaxation and reduce inflammation. The application of heat
or electrical stimulation can provide increased soft tissue
extensibility, reduced inflammation and adhesion formation,
and pain control to help facilitate the restoration of normal
joint motion.118

Abnormal muscle tone can be addressed with modalities that
increase or decrease muscle contractility or coactivation and
nerve conduction or inhibition. Some of these modalities
include hydrotherapy, electrical stimulation and rehabilitative
exercises that specifically address issues of reduced flexibility, co-
ordination, strength and endurance. In humans, anti-
inflammatories and other drugs can be delivered into superficial
soft tissues via electrical currents (i.e. iontophoresis) or via
mechanical sound waves (i.e. phonophoresis). However, prelim-
inary equine research indicates that a heavy hair coat, thick
skin and deep articular structures may limit the overall effect-
iveness of these novel drug delivery systems for back problems.

Contraindications

Contraindications for massage include active skin lesions,
open wounds, acute inflammation or persistent muscle
hypertonicity (i.e. exertional rhabdomyolysis).129 Contra-
indications for electrical modalities include active skin
lesions, open wounds, pain of unknown origin or pain con-
ditions where masking the pain may be detrimental (e.g. 
pre-race).130 Contraindications for superficial or deep heat-
ing modalities include acute injury or inflammation, open
wounds, recent or potential hemorrhage, neoplasms or
impaired sensation.118 Precautions or contraindications for
cryotherapy include open wounds, vascular compromise or
peripheral vascular disease due to the induced vasoconstric-
tion produced by the ice.118

Future areas of research

In horses with back pain, specific functional pathologies that
need to be addressed in addition to initial pain relief include
trigger points, hypertonic muscles, weak muscles, abnormal
movement patterns and joint dysfunction. Compared to their
human counterparts, veterinarians and equine athletes often
have a very limited selection of options for the treatment of
musculoskeletal disorders. Currently, we do not have objective
measurement or rehabilitation tools to specifically assess soft
tissue or articular pain, reduced flexibility and joint stiffness,
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muscle hypertonicity, trigger points or alterations in proprio-
ception or co-ordination associated with musculoskeletal or
nerve dysfunction. Normal kinematics of the thoracolumbar
spine have been investigated8,9,11,131,132 but continued work
needs to be done to assess segmental vertebral motion and its
response to specific and defined articular and soft tissue injuries.
Objective measures of spinal stiffness have been investigated133

but the effects of pain, muscle hypertonicity, articular process
osteoarthritis and concurrent lameness have not been explored.

Functional outcome measures assess how well a horse 
is able to do the job asked of it (e.g. speed, flexibility, co-
ordination, strength and endurance). Quantitative assess-
ments of pain include the use of a 0–10 pain scale, algometry
or pain pressure threshold measurements, and mapping
areas of pain. A 0–10 visual analog scale or pain scale is easy
to use and provides a semi-objective means of following pain,
dysfunction, performance or any other musculoskeletal
parameter either immediately before and after treatment or
over several days or weeks of treatment. Measurements 
can be compiled independently by both the owner and the
veterinarian, with similarities or differences evaluated.

Other areas of musculoskeletal treatment that need
further scientific investigation include well-defined, scienti-
fically validated strength and endurance training programs
tailored for the unique athletic demands of the various eques-
trian events. It is hoped that new insights into measuring
musculoskeletal dysfunction and the pathophysiology of
chronic pain syndromes will assist in assessing the effective-
ness of many of the traditional and complementary modali-
ties currently applied to horses with the rationale of reducing
morbidity and improving overall performance in our elite
equine athletes.
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perception, has funded most of this research as an effort to
improve racing conditions. In the United Kingdom a compre-
hensive approach to preventing race horse injuries1 has been
warmly welcomed by the racing industry. A close partnership
amongst owners, trainers, jockeys, veterinarians, epidemiol-
ogists and regulatory bodies is producing relevant informa-
tion regarding the incidence of race horse injuries and
associated risk factors and should serve as a role model 
for other racing jurisdictions and equestrian disciplines 
(Fig. 22.1).

The identification of injuries and risk factors and the
understanding of injury pathophysiology are the first steps
towards preventing orthopedic injuries. In most cases injuries
occurring in performing horses are highly correlated with
their equestrian discipline. Each athletic activity places
stresses in specific anatomic regions. The identification of
injury patterns associated with different equestrian sports
(Table 22.1) has led veterinarians to recognize lesions
promptly to prevent further damage. For instance, condylar
fractures are recognized mainly in race horses or pastern
fractures in barrel racing Quarter Horses.

Recognizing musculoskeletal structures at risk, such as
cannon bone, superficial digital flexor (SDF) tendon or sus-
pensory ligament (SL), has prompted the study of their 

Introduction

The science of injury prevention in equine sports medicine is
still underdeveloped. Although there exists valuable and
scientifically obtained information regarding the characteri-
zation of horses’ gaits and the influence of conformation and
environment (shoeing, surface, etc.) on the incidence of
injuries, it appears that practical recommendations towards
injury prevention are not very commonly implemented nor
regulated within the equine industry across the world.
Largely, riders and trainers may still believe that traditional
training methods and good horsemanship will produce sound
horses and the implementation of scientific findings in the
daily equestrian routine has not found a resounding echo
amongst equestrians. In contrast, in the human literature
there are a large number of studies pertaining to injury pre-
vention, mostly driven by the rising cost of healthcare and
liability associated with sport-induced injuries. In addition,
the approach to training human elite athletes is mostly multi-
disciplinary, including exercise physiologists, kinesiologists,
physicians, physiotherapists, nutritionists and biomechanical
engineers.

In the last decade a significant thrust has occurred in the
area of sport-induced injuries in horses. As a result there is a
body of information describing risk factors, incidence of
injuries and preventive measures for exercise-induced
injuries. Despite a higher number of horses enrolled in eques-
trian disciplines other than racing, most of the investigative
efforts have been directed to the racing industry due to the
greater socioeconomic impact that it represents. The racing
industry also, concerned about horse welfare and its public
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Most of the research efforts have been made to characterize
horse locomotion and loads transmitted to the appendicular
skeleton during different types of exercise. A comprehensive
universal analysis of injury incidence and risk factors in
equestrian disciplines other than racing is lacking at the
present time.

The making of a champion athlete capable of outperform-
ing its competition in extreme conditions, sustaining minimal
or no injuries, starts long before it is born. In the equine
industry, earnings are the measure of success. To generate
earnings a horse must enter competition and the sounder
and fitter the horse, the higher the likelihood of success.
Although selection of breeding stock is based on a few traits,
such as speed, it is also possible that those successful horses
that become part of the breeding pool are not only transmit-
ting the desired trait but perhaps some superior biomechani-
cal qualities, likely associated with conformation.2

This chapter will focus on the training and performing
horse but we must recognize that choosing the optimal
genetic lines, normal pregnancy and adequate management
of the horse during growth and development can provide the
future trainer with an outstanding ‘diamond in the rough’.
Genetics, nutrition and exercise play a crucial and somewhat
unknown role in the development of an athlete. All of them
need to be investigated more fully to determine the optimal
management of a growing horse to prevent performance-
limiting injuries.

Thoroughbred, Standardbred, Arabian or Quarter Horse
racing generates a significant economic activity in many
countries.3 There are several modalities of racing. In North
America most of the racing is flat and harness racing while in
other countries other modalities such as steeplechasing,
hunterchase or hurdling exist. Most of the scientific work
related to characterization and prevention of exercise-
associated injuries has been carried out in race horses.
Aspects of horse selection, management, training and com-
petition have been investigated. Race horses are usually started
into training at an early age (1–3 years of age), as most of the
competition occurs when the horse is 2 or 3 years old. Con-
siderable debate has centered round the optimal training age as
the North American system has been criticized for starting
horse training at a very early age.4,5 The central point of dis-
agreement has been the perceived notion that horses trained at
an early age tend to have an increased risk of catastrophic
injury and certain industry groups have lobbied to change
actual training practices. In order to understand the risk of
training a young race horse, several investigations have focused
on the effects of early exercise in musculoskeletal development.

The training period represents a time of intensive psycho-
logical and physical challenges for a horse. Training not only
achieves the development and maintenance of cardiovascu-
lar fitness and musculoskeletal strength but it also improves
the neuromuscular co-ordination and mental aptitude of the
horse. One of the objectives of training is to decrease the risk
of injury during athletic competition by adapting the mus-
culoskeletal and cardiovascular systems to the rigors of com-
petition. The term ‘functional adaptation’ is used to describe
the response of the body to accommodate an imposed
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biomechanical behavior under different conditions. However,
the scientific study of incidence of injury and associated risk
factors has occurred to a large extent only in the racing
industry. In racing horses there is information available
through different studies in different racing jurisdictions
(Table 22.2). A comparison amongst these studies must be
done carefully due to the different study designs and condi-
tions under which they were carried out. We must accept that
in the current competition environment we will not succeed
in totally eliminating injuries. The goal is therefore not to
eliminate them, but to significantly reduce their risk and inci-
dence to a level that is just the result of unforeseen accidents.
It is important to define an injury, measure the extent of its
risk and to identify modifiable factors associated with such
risk. These risk factors can then be seen as highly preventa-
ble, preventable, non-preventable or unforeseen risks.

In other equestrian disciplines the prevention of orthope-
dic injuries is mainly based on the practice of good horse-
manship combined with generally applied physiology and
biomechanics as well as good old common sense developed
through previous experiences. The use of different training
surfaces and programs, exercise intensity, jump or course
design is based mostly on tradition and experience rather
than on scientific findings of the biomechanical behavior of
the horse’s locomotor system under different circumstances.

Activity Common injuries

Flat racing Bucked shins, stress fractures (humerus, tibia,
pelvis), condylar fracture, osteochondral (chip) 
fragmentation (carpus/fetlock), SDF tendinitis,
suspensory breakdown, P1 fracture, DJD

Harness racing Bucked shins, stress fractures, condylar 
fracture, osteochondral (chip) fragmentation 
(carpus/fetlock), SDF tendinitis, suspensory 
breakdown, DJD

Hurdle racing Catastrophic fracture, interosseous muscle 
desmopathy

Barrel racing SDF tendinitis, P2 fracture (hind leg)

Rodeo Navicular disease, ‘Ringbone’, bone ‘spavin’,
P2 fracture

Cutting/reining Navicular disease, interosseous muscle 
desmopathy, bone ‘spavin’, stifle injuries

Team roping Bone ‘spavin’, interosseous muscle 
desmopathy, P2 fracture, back/pelvic problems

Showjumpers/ Interosseous muscle desmopathy, SDF 
eventers tendinitis, stifle/fetlock injuries, P1 fractures,

back problems

Dressage Interosseous muscle desmopathy, SDF 
tendinitis, back problems

Polo ponies SDF tendinitis, proximal interosseous muscle 
desmopathy, back problems, fetlock DJD

Endurance Myopathies, SDF tendinitis

Table 22.1 Common injuries seen in horses by sport activity.
A soundly conformed horse with adequate and balanced feet is
essential to prevent many of these injuries
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Risk factor Injury Pop. Country Prevention strategies Reference

Speed, distance Bucked shins TB USA Increase speed, decrease distance, introduce 43
high-speed sprints

Age at first race, Catastrophic TB UK Introduce schooling races, shorten National Hunt 1
racing history, race racing distance, gallop at least 1 furlong for every
distance, sand 7 furlongs cantered
gallops, woodchip
gallops, zero
gallop work

Track conditions Fracture TB Japan Decreased sharp turns, change banking %, change 31
vertical profile, change composition of ground

Firm turf tracks Fracture TB Japan Regulate racing according to track conditions 37
Heavy dirt tracks

Location on the Fracture TB Japan Map hardness distribution on track and water 38
track track to maintain adequate water content,

automatic rakes to remove sand accumulation
and eliminate excessive water content on the
track surface 

Increased cumulative Catastrophic TB USA Decreased cumulative high-speed exercise 52
high-speed exercise (California)

Pre-existing injury MS injury TB USA Pre-race inspection 29
(Kentucky)

Pre-existing injury MS injury QH USA Pre-race inspection 53
(Texas)

Jockey’s use of whip Fracture TB Japan Regulate use of whip 38

Toe-grabs Fracture TB USA Ban use of toe-grabs 54
(California)

Suspensory injury Condylar TB USA Monitor health of suspensory ligament 51
fracture (California)

Age of training Tendon damage TB UK Start early training/conditioning of tendon 5

Racetrack, racing Fracture TB USA (New Regulate racing schedule of individual horse, 34
surface, total number York) limit racing seasons
of starts, season,
number of seasons
raced and age of 
the horse

Barrier position, type Fracture TB Australia N/A 39
of race, and change
in distance from
previous race

Racetrack, class of MS injury QH USA N/A 53
race, and race length (Texas)

Sex, number of days MS injury TB USA N/A 35
since last race and (Florida)
racing surface

Back half of the file MS injury TB USA N/A 55
at the end of the (Kentucky)
first quarter of the
race, short races,
backstretch and
stretch turn, track

Table 22.2 Studies reporting injury risk factors and potential strategies to diminish them. Note that most of the studies are conducted 
in race horses under different racing jurisdictions. Comparison amongst studies must be done with caution as study design will vary 
(MS, musculoskeletal; N/A, no preventive measures offered; QH, Quarter Horses; TB,Thoroughbreds)
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mechanical environment in a way which optimizes the mass
and distribution of the tissues.6 It is important to understand
that this adaptation occurs in a timeframe that varies with
different tissues.

Specific activity-oriented training will help develop the rele-
vant muscle groups and strengthen the skeleton and other sup-
porting structures in areas of higher demands, according to the
type and intensity of a specific exercise. It will also develop the
co-ordination required to maintain an adequate balance during
the different stages of competition and the competitive attitude
required to succeed at equestrian disciplines. Maintaining an
adequate body balance will ensure the proper loading of the
musculoskeletal system and will decrease the incidence of
orthopedic injuries.7 Intense training also separates horses with
moderate physical aptitude from those with outstanding physi-
cal and psychological qualities, which will finally enter elite ath-
letic competition. Training programs should focus on speed,
strength, precision (mental focus) and stamina. It is during
training that the musculoskeletal system is allowed to adapt to a
particular exercise intensity characterized by cyclic loading to
increase the fatigue life and therefore minimize the risk of
injury. During training an evolution in the intensity and com-
plexity of exercise occurs which allows the supporting muscu-
loskeletal structures to develop the necessary strength to sustain
performance. In addition, other less well-investigated factors,
such as proprioceptive adaptation, will adjust to provide an ade-
quate body and joint balance such that the loading conditions
under which performance occurs do not result in an injury.

Musculoskeletal changes occurring during training are
time dependent and vary with exercise intensity, age of the
horse and quite possibly with each individual horse.
Therefore, training programs must adjust to these biological
characteristics of different tissues to optimize their results. In

race horses most of the injuries occur during training.8,9

Since training management will determine conditions such
as shoe wear, foot angles, training speed, cumulative distance
and frequency, racing intervals and racing surface, training
constitutes the largest single element influencing risk of ath-
letic injuries. Training regulations vary with racing jurisdic-
tions and no formal education or rigorous testing is required
to become a trainer in many racing jurisdictions. Trainers
have the ability to affect a horse’s performance and they are
largely responsible for the success that a horse may enjoy. In
a study carried out by Verheyen and Wood at the Animal
Health Trust in Newmarket, England, where data were col-
lected on 1178 horses in training and 13 trainers, it was
found that fracture risk was significantly affected by trainer.10

Training methods are jealously guarded by many trainers
afraid of disclosing their methodology. However, the enforce-
ment of regulations regarding training guidelines needs to be
investigated as a method to reduce injury risk.

Functional adaptation of the
musculoskeletal system

The adaptive response of bone may be summarized in Wolf ’s
Law and its behavior is well described and understood.11,12

Bone responds to loads (exercise) by depositing new bone in
those areas where the loads imposed are higher. The bone
response occurs at a certain rate determined by bone remod-
eling, which involves osteoclastic and osteoblastic activity.
Intense repetitive loading, which occurs at a faster rate than
bone remodeling, will increase the risk of bone damage and

Risk factor Injury Pop. Country Prevention strategies Reference

Pre-existing stress Complete TB USA Pre-race inspection 56
fracture humeral (California)

fracture

Trainer; hoof angle MS injury TB USA Rigorous regulation of training licencing 57
and conformation (Minnesota) process, optimization of hoof angles

Underlying disease Fracture TB USA Pre-race inspection 58
process (New York)

Track (Saratoga), turf, Fracture TB USA Implement track design changes 34
more seasons of (New York)
racing, more starts
per year, racing in a 
later race,
non-summer races,
and younger age

Soft and heavy ground, Fall TB UK Regulate competition according to 1
winter season (Steeplechasing) ground characteristics

Fence height SDF tendon Show The Reduction in fence height 23
injury jumpers Netherlands

Table 22.2-cont’d



a limited response capacity. It is therefore possible that exer-
cising the horse as a foal may allow for a functional adapta-
tion response, which provides the horse with a tendon that is
more resistant to injury (Fig. 22.2). Additional evidence of a
hypertrophic response to exercise at an early age is offered by
Kasashima et al.19 This opens up the possibility of using early
training as a measure to reduce the incidence of tendon
injuries at a later time. The necessary training strategies 
and the optimal age at which to achieve such a goal 
require further investigation before making practical
recommendations.

As the horse gets older, exercise induces histomorphologic
changes in the digital flexor tendons that do not seem
sufficient to sustain the demands associated with high-speed
racing. Since the mechanical behavior of the tendon in
response to loads has been well defined,20 exercising condi-
tions, which repetitively overcome the tendon’s biomechani-
cal properties, will likely result in pathologic damage or even
tendon breakdown. During galloping at racing speed the
strain sustained by the SDF tendon has been calculated to be
about 16%.21 Under experimental conditions SDF tendons
reached failure point at strains of 12–20%.20,22 The high rate
of tendon injuries in race horses may therefore be associated
with the inability of current training programs or the tendon
itself to modify their biomechanical properties to tolerate the
high loads occurring during exercise.

In jumping horses, forelimb tendon injuries are an impor-
tant cause of lameness and wastage.23 The study of the effect
of jump height in landing forces in these structures has
revealed that fence height significantly increases the forces in
the SDF tendon but not in the deep digital flexor (DDF) tendon
or SL. In vitro experiments have shown the rupture forces of
the DDF and SDF tendons to be around 13 and 12 kN respec-
tively.23,24 In addition, peak force in the SDF tendon slightly
exceeds the in vitro failure force.23 Comparison between in
vitro and in vivo experiments must be done carefully but
there is evidence to suggest that the in vivo peak landing force
of the SDF approaches in vitro rupture forces. From this study
it was concluded that the higher the fence, the higher the
landing force on the SDF, therefore increasing the risk of SDF
injury. The effect of jump height cannot be evaluated by itself
as the quality of the horse, jumping technique and fatigue
have been shown to have an effect on the forelimb landing
forces. In a study by Schamhardt et al, experienced horses
could clear higher fences than inexperienced horses with
minimal effect on the ground reaction forces at landing.25 In
trotting horses, for example, SL loading increases during
fatigue by an increase in fetlock hyperextension.26 Therefore
proper conditioning, training and selection of a horse with
natural aptitude to clear fences are also important to limit the
incidence of injuries in this equestrian discipline. Trainers
and riders must be coached and understand that to push a
horse beyond its capabilities will significantly increase the
risk of musculoskeletal injury.

The equine industry must ensure that the conditions
under which a horse is exercised do not impose further stress
on the soft tissue structures. Since certain performing condi-
tions such as fatigue, inadequate surfaces or shoeing,
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catastrophic fracture.13 McCarthy & Jeffcott evaluated the
third metacarpal bone responses to treadmill exercise and
found that exercised horses had less cortical porosity, larger
subperiosteal osteogenesis and increased bone stiffness,
showing a significant adaptive response.14

Responses of suspensory ligament and proximal sesamoid
bones to exercise have also been evaluated. In a study by
Bramlage et al, two groups of six horses each, trained versus
untrained, were tested for the load to failure response of the
suspensory apparatus. The load to failure was higher in trained
horses (1340 kg versus 1100 kg) and most of the trained
horses (83%) suffered rupture of the suspensory apparatus by
sesamoid fracture, showing also a response to exercise.15

Tendon functional adaptation is less well defined.
Superficial digital flexor tendon responds to exercise by
increasing the cross-sectional area, decreasing echogenicity
and increasing the modulus of elasticity.16 Exercise also
induced histomorphologic changes in the SDF tendon by
diminishing crimp angle and length in its central region in
relation to the periphery, where the crimp angle was greater
than in control (unexercised) horses. In this study, the
authors concluded that the changes observed in the core
region of the SDF tendon of exercised horses were indicative
of microtrauma.17,18 From these studies it appears that
although there are some changes associated with exercise, it
is difficult to determine if they are responses to microtrauma
or adaptations to exercise.

It has been hypothesized that the adaptive capacity of
tendon is reduced with increased age. To test this hypothesis,
a series of experiments were conducted to evaluate the effects
of exercise in young horses. The results are summarized in a
paper by Smith et al.5 The authors conclude that immature
tendon can respond to exercise by synthesizing and main-
taining the integrity of the matrix, while mature tendon has
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Country Population Year Main findings Reference

UK Race horses 96–98 Fatal injuries 0.29% of all starts, non-fatal 1
(flat and injuries 0.76%
National Hunt) National Hunt > flat racing

Injuries ↑ as surfaces became firmer
Lowest incidence of injuries on turf
surfaces

UK Race horses 90–99 55% on injuries: lower limb fracture 1
(flat and and tendon breakdown
National Hunt) Risk factors: ↑ age, surface firmness

and race distance

USA Thoroughbreds 1986 Fracture injuries: dirt > turf 33
(New York) Other injuries: dirt = turf

2 yr olds had more fracture injuries
than other injuries

USA Thoroughbreds 1987 57% soft tissue injuries, 36% bone 32
(Minnesota) injuries, 7% other ↑ breakdown in

horses > 4 yr old
OR: Dirt (1.6) vs turf

USA Thoroughbreds 1991 OR: Dirt (3) vs turf 34
(New York) Risk of injury ↓ with racing season and

no. of starts
Risk of breakdown ↑ with horse’s age

USA Thoroughbreds 86–88 Risk factors: track, dirt > firm track, 61
(New York) ↑ with track distance

Worst surfaces: muddy dirt and firm
turf
OR: Hindlimbs severe injury (4)
vs forelimb

USA Thoroughbreds 92–93 Injury prevalence per start: 0.33% 55
(Kentucky) Catastrophic injuries: left forelimb,

sesamoid, third metacarpal
Injuries: 90.2% affected forelimb,
44.7% affected suspensory apparatus

USA All race horses 90–92 Fatal injuries: 42% (racing), 39% (training) 50
(California) QH: fatal injuries 82% (racing)

TB: fatal injuries 48% (racing)
TB (racing injuries): prox. sesamoids
and third metacarpal
QH (racing injuries): prox. sesamoids
and carpal bones

USA Thoroughbreds 92–94 Toe-grabs ↑ risk of injury 54
(California) (post-mortem) OR Low toe-grabs for fatal injury (1.8),

for suspensory app. failure (6.5), for
condylar fracture (7)
OR regular toe-grabs for fatal injury 
(3.5), for suspensory app. failure  (15.6) 
for condylar fracture (17.1)

South Africa Thoroughbreds 93–94 8.1% of available training days were lost 59
(72.1% due to lameness)
Wastage amongst trainers: 0.1 to 23.7%

Table 22.3 Studies reporting incidence of injuries and the main findings during the study, by year of
study and country (OR, odds ratio;TB,Thoroughbreds; QH, Quarter Horses)
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improper conditioning or metacarpo(tarso)phalangeal
hyperextension may be associated with an increase in the
load sustained by structures of the appendicular skeleton, it
would seem logical to avoid or modify conditions that would
promote such motion without jeopardizing other structures.

Once we have recognized the adaptive nature of the mus-
culoskeletal system, and the value of training in taking
advantage of this, it is important to analyze which risk
factors are involved in orthopedic injuries in exercising
horses.

Risk factors

It has been shown that many of the injuries occurring in race
horses are not the result of random accidental events but the
end-point of a chronic process associated with the overuse of
the body’s biomaterials.27 The most common biological struc-
tures injured in equine disciplines are the bones, tendons and
ligaments of the appendicular skeleton. In order to prevent

Country Population Year Main findings Reference

USA Thoroughbreds 94–96 87% of injuries in the lower limb 29
(Kentucky) (carpus to fetlock)

94.4% of injuries in the forelimbs
(left > right)
Risk factors identified: age > 5 yr old;
stumbling; changing leads;
interfering with another horse; > 60 days
interval between races;
positive pre-race inspection findings

Australia Thoroughbreds 85–95 0.24% incidence of breakdown injuries 39
per start
0.04% of fatal injuries per start
Risk factors identified: ↑ horse age;
Change distance from previous race;
lower class of race; barrier position

Australia Standardbreds 92–95 Injury rate ↓ 22% after elevating banks 60
from 4.8° to 5.7°

USA Thoroughbreds 94–96 ↓ difference between toe and heel 54
(California) (post-mortem) angle ↓ risk of suspensory app. failure

↑ toe angle helps diminish risk of 
suspensory app. failure

USA Thoroughbreds 96–97 Incidence of injury: 0.44% 29
(Kentucky) Risk factors: abnormality of suspensory

ligament during pre-race inspection;
claiming race < 25,000$; < 7 furlongs
distance

USA Quarter Horse 95–98 Catastrophic injuries: 0.8/1000 starts 53
(Texas) Non-catastrophic: 2.2/1000 starts

73% of injuries in distances of
330–400 yards

USA Thoroughbreds 95–98 Injury incidence: 1.2/1000 starts 34
(Florida) Turf injury incidence: 2.3/1000 starts

Dirt injury incidence: 0.9/1000 starts
Risk factors: geldings; > 33 days since
last race; turf surface

USA Thoroughbreds 98 Risk factors: pre-existing subclinical 33
(California) suspensory injury; toe-grabs

UK Thoroughbreds 2000–01 78% of fractures occurred during training 1
Fracture rate: 1.18/100 horses/month;
50% are stress fractures; 20% affect
3rd Mtc.; 30% affect pelvis; 20% affect
knees
Fracture risk is affected by trainer

Table 22.3 cont’d



the wear of these structures to the point of breakdown, it is 
of paramount importance to understand the concept of
fatigue and the biomechanical behavior of those structural
components under different conditions.

Fatigue of a material refers to a process by which the
material reaches the breakdown point by cyclic loading above
the endurance limit, similar to repetitively bending a paper
clip until it breaks.28 Fatigue represents a significant risk
factor for musculoskeletal injuries and avoiding the onset of
fatigue should significantly decrease the risk of a catastrophic
injury.13 Muscle fatigue reduces the muscle’s ability to store
energy and neutralize the stresses imposed on the bone,
potentially resulting in a fracture. Fatigue of the cardiovascu-
lar system may lead to exhaustion and a reduced ability to
quickly respond to changes in the body’s spatial orientation.
Accurate and timely control of body movements is essential
to prevent body injuries resulting from high inertial forces
associated with high-speed exercise. An inadequate response
to motion changes may place uncommon forces on support-
ing structures which may not be prepared to support them.
These forces could overwhelm a musculoskeletal structure,
resulting in breakdown. For instance, stumbling during
racing has been linked to the occurrence of catastrophic
injuries in Thoroughbred horses.29 The gait co-ordination
required in certain sports trains a specific set of psychomotor
skills and muscle activity. The sudden change imposed on a
system by an inaccurate motion could potentially jeopardize
certain supporting structures, increasing the risk of muscu-
loskeletal injury. The severity of this injury will vary depend-
ing on the forces applied.

There are several studies identifying injury risk factors asso-
ciated with racing (Table 22.3). It is a difficult challenge to
define the incidence of injuries and to identify the different risk
factors in each equestrian discipline. Most of the scientific
efforts have been directed to the investigation of catastrophic
injuries occurring to race horses. Although these are devastat-
ing incidents, they only represent a minimal part of the indus-
try wastage due to musculoskeletal problems. Other less ‘visible’
problems, such as tendon or suspensory ligament damage and
arthritis, have a larger impact on the economics and welfare of
horses.30 It must be understood that many equestrian disci-
plines, and in particular racing, represent an activity where
horses reach and sustain exercise intensities capable of over-
whelming the musculoskeletal system’s response capacity,
potentially ending in a severe or catastrophic injury.
Musculoskeletal injuries represent an occupational hazard for
the athletic horse. Veterinarians, trainers and riders must
remain vigilant and proactive to design strategies to reduce inci-
dent rates amongst exercising horses.

Characterization of sport horse injuries has occurred over
time and considerable advance has been made in describing
injury patterns, risk factors, treatment modalities and out-
comes. This has helped us to understand the pathophysiology
of athletic injuries and to put in place the necessary mech-
anisms to prevent or minimize the risk of injuries. There is a
trend towards seeing injuries as an inherent risk to the sport
horse but it has been shown that implementation of the
appropriate measures will reduce injury rates significantly.31

In North America, the main investigation into the causes
of equine racing injuries was established by the California
Horse Racing Board in 1990, although other studies, such as
the racetrack breakdown pilot study in Minnesota32 or those
conducted in New York,33,34 Florida35 and Kentucky,36 have
contributed to our current body of knowledge. In other coun-
tries where racing constitutes an important sport activity,
similar studies have been undertaken, such as in Japan,37,38

the UK1 and Australia.39 Because of the different racing con-
ditions in different parts of the world, it is difficult to extrapo-
late results across continents. However, one thing is clear:
musculoskeletal injuries represent the leading cause of
wastage in the racing industry across the world.

Early detection of subtle injuries leads to effective preven-
tion of further injury and catastrophic breakdown and it has
been suggested that adequate monitoring of horses is critical
to prevent further damage to an already injured structure.29

Minimally invasive techniques are currently being developed
to identify biomechanical changes related to exercise and
identify high-risk horses.

As veterinarians investigate the trend of training-related
injuries, further study of the methods of training will likely
reveal a cause–effect relationship. In this respect, the excel-
lent work carried out by Nunamaker’s group at the
University of Pennsylvania is important, investigating the
pathophysiology of the ‘bucked shin’ complex, where a clear
relationship has been found between methods of training and
the occurrence of ‘bucked shins’.13 It has been reported that
70–92% of race horses will develop ‘bucked shins’ at some
point in their careers.40,41 An investigation showed that
‘bucked shins’ are produced by an excessive cycling of the
dorsal cortex of the metacarpus and its pathophysiology is
discussed in Chapter 17. Modification of training regimes by
introducing shorter high-speed (breeze) workouts has
decreased the incidence of ‘bucked shins’.42

The most common orthopedic injuries suffered by per-
forming horses as a result of exercise are indicated in 
Table 22.1.

Soft tissue injuries

The main soft tissue structures affected during exercise are
the SDF tendon, the SL and the accessory ligament (AL) of
the DDF tendon. Although they seldom produce a cata-
strophic breakdown, a study has shown their importance in
the North American racing industry.43 In the UK a 30% inci-
dence of tendinitis has been reported,44 although a more
recent report quotes an incidence of 43% amongst National
Hunt horses.45

Considering that the SDF tendon strain associated with
racing approximates the strain associated with tendon
failure, it is not surprising that some horses will eventually
damage their tendons as the safety margin at peak perform-
ance is very small.46 During post-mortem examinations of
clinically normal equine flexor tendons, the morphology, bio-
chemistry and histology of the tendon were investigated.
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Abnormal macroscopic appearance, increase in total sulfated
glycosaminoglycans, increase in total proportion of type III
collagen and decrease in collagen-linked fluorescence were
the main findings. The results suggested that this was a
healing response to microdamage.47 It has also been pos-
tulated that tendon fiber microdamage often precedes 
catastrophic tendon breakdown.48 The response to gallop-
ing exercise was evaluated in another study. Young
Thoroughbreds were exercised for 18 months and compared
to a group exercised only with walking. Crimp angle and
length were evaluated. The results indicated that galloping
exercise modifies normal age-related changes in crimp mor-
phology consistent with microtrauma.18 The effects of differ-
ent training regimes have not been investigated at this time.
Since the healing response of tendons is a slow process, in
those horses that have suffered from tendinitis, it is crucial to
monitor tendon health and to allow proper healing to occur
before reintroduction to exercise.

Before the introduction of tendon ultrasonography, one of
the problems associated with tendon injuries was reinjury of
the affected tendon, caused by premature return to exercise.
Today we recognize that appropriate monitoring of tendon
healing should be done by ultrasound and return to exercise
should ideally be delayed until there is ultrasonographic evi-
dence of healing. Sonographic indications of early tendinitis
include an enlargement of cross-sectional area and a
decrease in tendon echogenicity. The recent advances in
ultrasound imaging suggest an important role for it as a
method of routine monitoring during training. By combining
monitoring and new training strategies, the incidence of ten-
dinitis and associated wastage should be reduced.49 There is a
need for a scientifically based approach to training horses for
peak athletic performance with minimal risk of injuries.
However, the reduction in tendinitis should not be at the
expense of other tissues and therefore the responses of all
tissues and systems contributing to high-speed locomotion
must be optimized.5

Pre-existing pathology has emerged as a culprit for many
racing injuries. The California post-mortem study has
described stress fractures occurring to humerus, pelvis and
tibia previous to catastrophic breakdown.50 In addition, soft
tissue injuries leading to inadequate support of the skeletal
system have also been implicated in the occurrence of certain
racing injuries. LeJeune and co-workers recently presented
the results of an investigation where damage to the medial
suspensory ligament branch increased the load placed on the
lateral metacarpal condyle, speculating that damage to the
suspensory branch may play an important role in the occur-
rence of condylar fractures.51 This study seems to support the
clinical impression and the results of another study where
early detection of soft tissue lesions (pre-race examination)
decreased the incidence of severe musculoskeletal injury.29

Published injury risk factors and prevention strategies are
summarized in Table 22.2.

We must persevere with the investigation of the patho-
physiology of sport injuries and the identification of risk
factors. In addition, the industry has to be willing to compro-
mise or perhaps change the spectacle in order to reduce

injury rates. Design of different performing surfaces, jumping
courses, racetrack profiles, length of races, speed of races or
training programs may need to be reviewed and potentially
altered without jeopardizing the essence of the competition.
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indications for use, effective dosages, drug interactions, toxic-
ity and expected results for the available veterinary drugs is
necessary.

The goal of this chapter is to provide information pertain-
ing to drugs used to treat the equine athlete. The knowledge
gained from this chapter should help facilitate the optimum
selection and application of pharmacotherapeutic agents in
the treatment and maintenance of the athletic horse. This
chapter will focus on anti-inflammatory drug therapy and
other medications used in the treatment of joint and tendon
disease in horses.

Anti-inflammatory drug
therapy in horses

Anti-inflammatory medications are commonly administered to
horses for the treatment of inflammatory and infectious dis-
eases, and for traumatically or surgically induced injuries of the
musculoskeletal system. The most commonly used anti-
inflammatory drugs include non-steroidal anti-inflammatory
drugs (NSAIDs) and corticosteroids, but other drugs such as
polysulfated glycosaminoglycans, dimethylsulfoxide and hyalur-
onate are also believed to have anti-inflammatory effects. The
NSAIDs are commonly administered systemically for their anal-
gesic and inhibitory effects on inflammation, fever and edema.
Numerous NSAIDs are available, but phenylbutazone (PBZ) and
flunixin meglumine (FLM) are currently the most commonly
used. Aspirin (acetylsalicylic acid) has limited use in the treat-
ment of musculoskeletal disease in horses due to its poor
analgesic effects. Ketoprofen (KTP), carprofen (CRP), dipyrone,
meclofenamic acid (MFA) and naproxen (NPX) are other
NSAIDs used in horses.

Although corticosteroids are rarely used systemically to
treat musculoskeletal disease in horses, they are commonly
administered locally within joints affected by synovitis and
arthritis. Knowledge of the mechanism of action, pharmaco-
logic properties, pharmacokinetic behavior and therapeutic

Introduction

The reality of pharmacology is that there are no silver bullets
or magical cures. No one drug or therapeutic substance can
be placed into a syringe, administered as a powder or given as
a pill that will cure all of the musculoskeletal conditions
affecting the equine athlete. Pharmacotherapeutic agents are
designed to assist the body in the healing process.
Combination therapy that utilizes rest, physical therapy,
pharmacotherapeutics and possibly surgery is necessary to
ensure proper healing and restore function. An effective ther-
apeutic plan is based on careful assessment of patient signal-
ment, the history and duration, location, type and severity of
the injury, as well as the economics.

The common denominator in all equine athletic injuries is
inflammation. The cellular mediators and biochemical
processes associated with inflammation are responsible for
the clinical signs of heat, pain, and swelling, as well as
ongoing tissue destruction. The goal of pharmacotherapeutic
intervention should be to control the cellular mediators and
biochemical processes of inflammation, prevent ongoing
tissue destruction, relieve pain, restore function and return
the horse to normal work conditions with minimal loss of
fitness. A sound understanding of the mechanism of action,
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and toxic effects of these medications will enable veterin-
arians to select the optimum anti-inflammatory pharmaco-
therapeutic regimen for the treatment of horses affected with
musculoskeletal disease.

Non-steroidal 
anti-inflammatory drugs

Non-steroidal anti-inflammatory drugs represent a class of
drugs that inhibit one or more of the pathways involved with
the synthesis of prostaglandins (PGs) and thromboxanes
(TBXs) from arachidonic acid. The principal mechanism of
action is through inhibition of cyclo-oxygenase (COX).
Prostaglandins, particularly those of the E-series, are
involved in synovial inflammation and depletion of proteo-
glycan from articular cartilage matrix.1,2 There is substantial
evidence to suggest that PGE2 is the principal PG involved in
joint degeneration. Synoviocytes and chondrocytes synthe-
size PGE2 in response to exposure to lipopolysaccharide (LPS)
and other inflammatory mediators, and increased concentra-
tions of PGE2 have been reported in the synovial fluid of
horses with osteoarthritis.3 Additionally, there is also evi-
dence to suggest that PGs may modulate latent matrix metal-
loprotease release with resultant cartilage matrix
degradation.4,5

Classification and mechanism of action

Non-steroidal anti-inflammatory drugs are classified, based
upon their chemical structure, into carboxylic and enolic
acids. A majority of NSAIDs belong to the carboxylic acid
group, whereas few are enolic acids. Additionally, NSAIDs
can be further divided into five major categories.6 These cate-
gories include pyrazolones (phenylbutazone, dipyrone), sali-
cylic acids (aspirin), acetic acids (etodolac), fenamic acids
(meclofenamic acid, flunixin meglumine) and propionic acids
(naproxen, ketoprofen, carprofen).7 The acidic nature of the
NSAIDs facilitates their accumulation at sites of inflamma-
tion (acidic pH), enabling them to be more effective in
inflamed versus normal tissues.6,8

Most NSAIDs have a similar mechanism of action and
physical and chemical properties.9,10 NSAIDs inhibit the syn-
thesis of PGs and TBXs from arachidonic acid by inhibiting
COX. All NSAIDs, other than aspirin, are competitive COX
antagonists; this mechanism of action requires the continued
presence of the active drug to exert the effect. Aspirin is an
irreversible antagonist that deactivates COX by acetylation.
Because platelets are non-nucleated and thus do not have the
capacity to synthesize new COX, it has a profound effect on
platelet function.

A relatively recent discovery expanding knowledge of the
COX pathway is that there are at least two COX isomers,
namely the constitutive (COX-1) and inducible (COX-2) iso-
forms.6 The COX-1 isomer is believed to be the ‘housekeeping’

enzyme responsible for basal synthesis of PGs necessary for
physiologic functions, including maintenance of vasomotor
tone (intestinal mucosal and renal blood flow), prevention of
platelet aggregation and adhesion and maintenance of
gastric cytoprotection.6 The COX-2 isomer is responsible for
increased eicosanoid synthesis associated with inflammation
and is induced by LPS, cytokines and other inflammatory
mediators. The affinity for the two COX isoforms varies
among NSAIDs. Some are more potent inhibitors of COX-1,
while some are relatively equipotent for their effects on COX-
1 and COX-2, and others have a greater selectivity for COX-2.
A COX-1/COX-2 ratio is useful to measure the selectivity of
an NSAID for the COX isomers.6 Unfortunately, many of the
NSAIDs currently used in horses have a ratio ≥ 1, which
means they inhibit COX-1 as much or more than the COX-2.
A COX-1/COX-2 ratio < 1 is preferable in order to maximize
the anti-inflammatory effects of the NSAID while minimizing
the potential for toxic side effects.

Many of the actions attributed to NSAIDs are dose depend-
ent. Greater doses are necessary to reduce inflammation than
are required to actually inhibit eicosanoid synthesis. At lower
doses, many NSAIDs inhibit PG-mediated fever, pain and
vasomotor tone.9,10 However, the dose required to decrease
edema formation and leukocyte accumulation at inflamma-
tory sites is substantially greater than the dose required to
reduce PG synthesis. Therefore, the NSAIDs currently avail-
able are likely to be more effective in inhibiting pathologic
processes involving PGE2 (pain, fever), compared with those
involving other mediators.

Greater doses of NSAIDs also inhibit non-PG dependent
processes, such as enzyme activity, transmembrane ion flux
and proteoglycan synthesis by chondrocytes.9 Ketoprofen
was originally reported to also block the lipoxygenase (LPX)
pathway, thus reducing synthesis of leukotrienes from
arachidonic acid. However, studies using carrageenan-
induced inflammation in subcutaneous tissue chambers in
horses revealed that ketoprofen decreased PGE2 synthesis,
but not leukotriene B4 synthesis.11,12 Thus, these studies have
demonstrated that ketoprofen does not inhibit the LPX
pathway in horses.

Research into the development of NSAIDs with dual COX
and LPX inhibitory activity should offer a more balanced
approach to inhibiting the synthesis of arachidonic acid-
derived inflammatory mediators. Because COX inhibition
may cause preferential metabolism of arachidonic acid via
LPX, a dual COX-LPX inhibitor may improve the anti-
inflammatory effects of NSAIDs. Additionally, the develop-
ment of more specific COX-2 inhibitors with a COX-1/COX-2
ratio < 1 will help improve the therapeutic effectiveness of
these compounds while minimizing their potential toxic side
effects.

Potency and selectivity of NSAIDs in
horses

An in vitro study evaluating the potency and selectivity of
commonly used NSAIDs in horses revealed that FLM and
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indomethacin were more potent than PBZ and CRP in
inhibiting prostacyclin and thromboxane synthesis.12

Flunixin meglumine and indomethacin appeared to be selec-
tive COX-1 inhibitors in the horse whereas PBZ and CRP were
non-selective COX inhibitors. Carprofen was the weakest
COX-2 inhibitor tested. Preliminary in vitro selectivity assays
indicate that etodolac, a potential COX-2 inhibitor, is approx-
imately 5–10-fold selective for COX-2 in horses.14 However,
etodolac was nowhere near as selective as some of the exper-
imental COX-2 inhibitors that have been tested in horses.13

Etodolac was shown to be as effective as PBZ at reducing LPS-
induced synovitis and lameness in horses, and it exhibited rel-
ative COX-2 selectivity in that it inhibited PGE2 but not
TBX-B2.15

Pharmacokinetics

Absorption

Peak plasma concentrations and the onset of action for
NSAIDs after oral administration vary with the timing of
administration with regard to eating. Mean time to peak
plasma concentration for PBZ (4.4 mg/kg p.o.) in ponies with
access to hay was delayed 6–12 hours, compared with fasted
ponies.16 Phenylbutazone and other NSAIDs appear to bind
to hay and other digesta, thus delaying time to peak plasma
concentration. Fermentative digestion of roughage in the
large intestine releases the bound drug, which possibly con-
tributes to the propensity of NSAIDs to cause ulcerative
disease in the large intestine.9 The time to reach peak plasma
concentration and the elimination half-life can be dramati-
cally prolonged by the timing of administration relative to
feeding. This has important clinical implications with regard
to the therapeutic efficacy of an orally administered NSAID as
well as potential problems related to horses in sanctioned
competitive events.

There are conflicting data regarding the effects of feeding
versus fasting on the absorption of MFA.6,17 Horses with free
access to feed had delayed absorption, decreased maximal
plasma concentration and delayed time to peak concentra-
tion, compared with fasted horses, administered FLM.
Although it may not be practical, NSAIDs should be adminis-
tered to horses that have not eaten for at least 2 hours before
and are withheld from feeding for 2 hours after dosing in
order to control absorption, time to peak plasma concentra-
tion and elimination half-life.

Metabolism and elimination

Most NSAIDs undergo hepatic metabolism and either renal or
biliary excretion. NSAIDs administered to lactating mares are
not excreted in milk in concentrations yielding measurable
plasma levels in foals. Phenylbutazone undergoes hepatic
metabolism to yield oxyphenbutazone, the pharmacologi-
cally active metabolite, and �-hydroxyphenylbutazone, an
inactive metabolite. The parent compound and the two
metabolites are excreted into the urine and, due to their
acidic nature, excretion is more rapid in alkaline than acidic

urine.18,19 Aspirin (acetylsalicylic acid) is rapidly deacety-
lated to salicylate, the active metabolite of the parent drug. A
paucity of data regarding metabolism of MFA exists for
horses; it is known that conjugation occurs and between 10%
and 14% is excreted in the urine after oral administration.10

Although little is known regarding the elimination of FLM, it
does not accumulate in the body and approximately 14% is
excreted in urine.10

Naproxen undergoes hepatic metabolism and along with
its principal metabolite, 2-(6-hydroxynaphthyl)propionic
acid, is excreted in the urine in high concentrations.20

Ketoprofen is used clinically as a racemic mixture of the R(–)
and S(+) enantiomers with half-lives of 1.1 hours and 1.5
hours, respectively, after i.v. administration.21 Ketoprofen
accumulates in inflammatory exudates, resulting in substan-
tially prolonged exudate half-lives of 19.7 hours and 22.6
hours for the R(–) and S(+) enantiomers, respectively. Similar
to KTP, CRP is used clinically as a racemic mixture of the R(–)
and S(+) enantiomers, each with different potencies and
pharmacokinetics. There is evidence that the COX inhibitory
and anti-inflammatory effects of carprofen are primarily
attributable to the S(+) form. However, recent evidence sug-
gests that the R(–) enantiomer may be equipotent to the S(+)
form as an analgesic and in some other activities such as inhi-
bition of �-glucuronidase release.22,23 Coincident with
decreases in plasma concentrations, CRP accumulates in
inflammatory exudates, resulting in exudate levels exceeding
plasma levels from 2 to 48 hours.24

Plasma protein binding

NSAIDs are highly (90–99%) bound to plasma proteins; thus,
the free active fraction of these drugs is extremely small.6

Concurrent administration of another highly protein-bound
drug (i.e. chloramphenicol, rifampin, barbiturates) can cause
displacement of the NSAID, resulting in an increased free
active fraction.6

Effect of age on pharmacokinetics

The pharmacokinetics of NSAIDs varies with the age of the
horse. The plasma half-life of i.v. PBZ (4.4 mg/kg) was longer
for 8–10-year-old adult horses and ponies (5.5 hours) than
for 3-year-old ponies (3.9 hours).16 NSAIDs have substan-
tially different pharmacokinetic profiles in neonatal (< 24
hours of age) foals compared with adult horses. In general,
neonates have a reduced ability to eliminate NSAIDs, com-
pared with adult horses, after a single i.v. dose.25–27 The large
volumes of distribution of NSAIDS in neonatal foals may
necessitate larger initial doses; however, the relatively long
half-lives suggest that the dosing interval should be extended
to prevent accumulation of these drugs with resulting poten-
tial toxic side effects.

Effect of dose on pharmacokinetics

Unlike most NSAIDs, PBZ can have dose-dependent kinetics,
with the half-life increasing from 4 to 8 hours when adminis-
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tered at a dose of 10 mg/kg.28 This effect is likely due to satu-
ration of hepatic enzymes responsible for PBZ metabolism.
Taken together, the effect of dose and age on the pharmaco-
kinetics of PBZ emphasizes the need for caution in the 
dose and dosing interval when administering this drug to
older horses, especially those that are systemically ill or
dehydrated.

Tissue kinetics

Phenylbutazone, like many NSAIDs, has dramatically differ-
ent kinetic values for tissue compared with plasma.6 The
acidic nature and high protein binding of NSAIDs causes
them to accumulate at sites of inflammation. For example,
the plasma half-life for PBZ is between 4 and 8 hours,
whereas the half-life in exudates is approximately 24 hours.8

Ketoprofen accumulates in inflammatory exudates and thus
the half-lives of the R(–) and S(+) enantiomers are prolonged
from 1.1 hours and 1.5 hours to 19.7 hours and 22.6 hours,
respectively.29 Similarly, CRP accumulates in exudates and
yields substantially greater concentrations than in plasma
between 2 and 48 hours after administration.24

Drug interactions

Concurrent administration of chloramphenicol reduces the
clearance and increases the half-life of PBZ, which may
accentuate both therapeutic and toxic effects. A single dose
(25 mg/kg i.v.) of chloramphenicol prior to PBZ administra-
tion resulted in a significant decrease in the elimination rate
and this effect was accentuated by additional dosing of chlo-
ramphenicol.30 Rifampin induces hepatic biotransformation
processes and has been shown to increase the elimination
rate of PBZ in horses.30

There are anecdotal reports that when PBZ is administered to
horses anesthetized with thiobarbiturates, increased depth and
duration of anesthesia may occur due to competitive plasma
protein binding.31,32 A study evaluating administration of PBZ
(8.8 mg.kg IV) 9 minutes after thiamylal (11 mg/kg i.v.)
demonstrated no effects of PBZ on thiamylal pharmacokinetic
parameters or depth or duration of anesthesia.33 However,
there were changes in PBZ pharmacokinetics, including
increased serum concentrations and decreased percentage
protein-bound PBZ. In another study, administration of PBZ
(6.6 mg/kg i.v.) for 4 days prior to thiamylal anesthesia did not
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Drug Route Formulation Dose Duration References

Acetylsalicylic acid PO Tablets, powder 25–35 mg/kg BID 35
(aspirin) 5–50 mg/kg SID 36

Dipyrone IV, IM Injectable 5–22 mg/kg 35
11.1 mg/kg QID 10

Flunixin meglumine IV, IM Injectable 1.1 mg/kg SID-BID ≤ 5 days 35
0.25 mg/kg TID 35, 36

PO Granules, paste 1.1 mg/kg SID-BID 10,35

Ketoprofen IV Injectable 2.2 mg/kg SID 7

Meclofenamic acid PO Granules 2.2 mg/kg SID 5–7 days 10, 17, 35, 36
then QOD

Naproxen PO Granules 10 mg/kg BID ≤ 14 days 10, 35–37
then SID

Phenylbutazone PO Tablets, powder 4.4 mg/kg BID 1 day 10, 17, 35, 36
2.2 mg/kg BID 4 days
2.2 mg/kg SID 2 days

IV Injectable 2.2–4.4 mg/kg SID ≤ 5 days 10, 35, 36
4.2 mg/kg SID ≤ 4 days 10

Carprofen IV Injectable 0.7 mg/kg SID 24, 38

PO Tablets 0.7 mg/kg SID

Eltenac IV Injectable 0.5 mg/kg SID 3 days 39

Etodolac IV Injectable 23 mg/kg BID 14
PO = per os, IV = intravenous, IM = intramuscular, SID = once daily, BID = twice daily,TID = three times daily,
QID = four times daily, QOD = every other day
† Dosages are based on normal horses; may need to adjust dosages if horses are ill, dehydrated, volume depleted, or if
administering NSAIDs in combination. Ponies may require lower dosages.
Modified from Kallings P. Nonsteroidal anti-inflammatory drugs.Vet Clin North Am Equine Pract 1993; 9: 523–541.

Table 23.1 Recommended dosage regimens for non-steroidal anti-inflammatory drugs in horses†



have a significant effect on recumbency time.30 Therefore, it
seems unlikely that perianesthetic administration of PBZ would
alter the intensity or duration of anesthesia. It also seems
unlikely that thiamylal administration would have a clinically
important effect on the disposition of PBZ.

A study evaluating the pharmacokinetics of steady-state
PBZ and single-bolus gentamicin administered together
revealed that gentamicin pharmacokinetics are altered by
concomitant PBZ therapy. However, no effect of gentamicin
was found on the pharmacokinetics of PBZ.34 Gentamicin
was administered as a 2.2 mg/kg i.v. bolus on the fourth day
of once-daily treatment with PBZ (4.4 mg/kg i.v.). Phenyl-
butazone induced a 49% increase in the rate of gentamicin
return to the central compartment from peripheral tissues
and the half-life and volume of distribution of gentamicin
decreased 23% and 26%, respectively. There were no changes
in PBZ pharmacokinetics induced by gentamicin. Because
PBZ induces changes in the rate and extent of distribution
and elimination of gentamicin, caution should be exercised
when using this drug combination in horses.

Dosage regimen

The dose, interval and route of administration for 
NSAIDs commonly used in horses are given in 
Table 23.1.7,10,14,17,24,35–39

Therapeutic uses

NSAIDs are indicated in horses with inflammatory conditions
of the musculoskeletal system including myositis, tendinitis,
desmitis, laminitis, osteoarthritis, synovitis/tenosynovitis,
osteitis/osteomyelitis, septic arthritis and surgically or trau-
matically induced injury. They are commonly administered
perioperatively to control postoperative pain and fever and
prevent excessive edema formation.

Although the mechanism of action is the same, there are
apparent differences in the efficacy of different NSAIDs depend-
ing upon the type of condition being treated. For example, clin-
ical and experimental data suggest PBZ is more efficacious in
providing analgesia for most horses with musculoskeletal
disease, whereas FLM is more effective in providing visceral
analgesia in horses with colic.40 These differences in effect may
be due to the specificity of certain NSAIDs for different COX
isomers or for COX within different tissues. Ketoprofen is
reported to be effective in decreasing inflammation and pain
associated with musculoskeletal disease and colic.41–43

Acetylsalicylic acid (aspirin) is rarely used as an anti-inflamma-
tory drug in horses because of its extremely short half-life and
low potency. However, it is frequently administered to horses
with thromboembolic disorders to decrease platelet aggrega-
tion.10,44 Dipyrone is a potent antipyretic agent, but has only
mild analgesic properties.40 Other currently less commonly
used NSAIDs include CRP, MFA and NPX. Newer, more specific
COX-2 inhibitors, such as etodolac, are currently being devel-
oped and evaluated in horses.13,15,45,46

Analgesic effects

NSAIDs appear to mediate their analgesic effect in part by
their inhibitory effects on COX, thus preventing or modulat-
ing PGE2 synthesis locally at sites of inflammation.9 However,
because there are several clinically effective NSAIDs that are
relatively weak COX inhibitors, anti-inflammatory mecha-
nisms other than inhibition of PG synthesis are believed to be
involved. PGE2 is believed to bind to sensory nerve receptors
and promote the discharge of impulses with a consequent
increase in pain.9 Prostaglandin E2 also sensitizes nerve
endings to the effects of numerous physical and chemical
stimuli. Overall, PGs amplify peripheral pain by decreasing
the nociceptor threshold.9 Although PGE2 does not cause
pain itself, it can amplify the nociceptive pathway by affecting
the pain-inducing properties of other mediators such as his-
tamine and bradykinin.9 It also seems to affect the body’s
ability to distinguish between different types of nociceptive
stimuli. There is evidence to suggest that PGs are involved in
nociceptive pathways within the spinal cord and that NSAIDs
have at least some action in inhibiting this cascade. NSAIDs
do not exert a direct effect on normal pain perception, but
rather reduce hypersensitivity to pain caused by inflamma-
tion and this effect is mediated by a reduction in PGE2. The
analgesic effects of NSAIDs apparently can be dissociated
from the anti-inflammatory effects and require a lower dose.
The analgesic effects of NSAIDs are variable depending upon
the source of pain and the specific drug. There are limited
controlled clinical trials or experimental studies comparing
the analgesic effects of commonly used NSAIDs in horses
with musculoskeletal disease.

A study evaluating the analgesic effects of PBZ, FLM and
CRP administered at the end of surgery, prior to anesthetic
recovery, demonstrated that there were no differences in the
pain scores or number of horses requiring additional analge-
sia among the three groups of horses.47 In horses requiring
additional analgesia after surgery, there was a significant dif-
ference in the time after surgery between the groups receiv-
ing FLM and PBZ. Horses treated with FLM required
additional drug 12.8 ± 4.3 hours after surgery whereas those
given PBZ required it at 8.4 ± 4.6 hours after surgery. Horses
treated with CRP were intermediate in requiring additional
drug 11.7 ± 6.9 hours after surgery. A study evaluating and
comparing the inhibition of peripheral pain by FLM and CRP
in horses demonstrated that there was no demonstrable anal-
gesic effect for either drug when tested using an external skin
stimulation test for nociception.48 However, when the
heating element model of nociception was used, a 1.1 mg/kg
i.v. dose of FLM failed to inhibit peripheral pain whereas a
dose of 0.7 mg/kg i.v. of CRP inhibited the peripheral pain
response for approximately 24 hours.48

In another study evaluating the analgesic effects of PBZ in
horses after arthroscopic surgery, no difference was shown
between PBZ-treated and placebo-treated horses regarding
plasma �-endorphin or catecholamine concentrations.49

However, horses treated with PBZ had a lower total postoper-
ative pain severity index, which suggests that perioperative
treatment with PBZ did exert some analgesic effects.49
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Pretreatment of horses with PBZ prior to carrageenan-
induced synovitis was more effective in reducing lameness,
joint temperature, synovial fluid volume and synovial fluid
PGE2 concentrations than pretreatment with KTP.50

Additionally, KTP administered at the PBZ equimolar dose
(3.63 mg/kg) to horses with chronic laminitis reduced
chronic hoof pain and lameness to a greater extent that did
2.2 mg/kg PBZ. This effect was still present 24 hours after
drug administration.51 Therefore, it was recommended that a
dosage rate of 1.65 times the recommended therapeutic dose
is more potent than PBZ in alleviating chronic hoof pain and
lameness in horses.

In a study of experimentally induced carpitis in horses, the
effects of eltenac reached a plateau at a dose of 0.5 mg/kg,
but its effects were not different from those of FLM adminis-
tered at a dose of 1.1 mg/kg.39 Both drugs at these doses
caused a reduction of carpal circumference, joint hyperther-
mia and carpal pain and increased carpal flexion angle and
stride length, demonstrating their analgesic, antipyretic and
anti-inflammatory effects.

Anti-inflammatory and chondroprotective
effects

Inflammation can lead to pain and edema formation.
Inhibition of PG synthesis perioperatively can reduce the
inflammatory response secondary to surgery or the primary
disease, thus decreasing pain and edema. NSAIDs are com-
monly administered perioperatively to horses for these
reasons. For example, PBZ is often administered for several
days after arthroscopic surgery in horses with synovitis sec-
ondary to osteochondral chip fractures or osteochondrosis in
order to decrease synovitis arising from primary joint disease
and from the surgery.

Prostaglandins of the E-series seem to be involved with
increased metabolic activity in cartilage, whereas those of the
F-series are chondroprotective.9 Prostaglandin E2 is responsi-
ble for the majority of bone resorption associated with
osteomyelitis.9 NSAIDs are therefore useful in acute synovitis
and osteomyelitis to decrease PG-mediated synthesis of
destructive enzymes and reduce cartilage degradation and
bone resorption. However, prolonged administration can
accelerate cartilage degeneration. In general, NSAIDs have a
suppressive effect on proteoglycan synthesis.52 In vivo and in
vitro studies have investigated the chondroprotective and
potentially deleterious effects of NSAIDs, often with contra-
dictory and confusing results. Additionally, the clinical rele-
vance of these effects is not fully known. NSAIDs appear to
have a varying ability to inhibit catabolic events in cartilage
matrix with several noted differences in their inhibitory
effects on the activity of degradative enzymes. Some of the
potential beneficial effects of NSAIDs may not result from
direct inhibition of these degradative enzymes, but rather
suppression of other inflammatory mediators involved in car-
tilage degeneration.

A study evaluating the effects of orally administered PBZ
to horses on proteoglycan synthesis and chrondrocyte inhibi-
tion of IL-1� in articular cartilage explants revealed that

administration for 14 days caused a significant decrease in
proteoglycan synthesis.53 The investigators concluded that
PBZ should be used judiciously in athletic horses with
osteoarthritis because prolonged administration could sup-
press proteoglycan synthesis and potentiate cartilage
damage.

Both the R and S enantiomers and the racemic mixture of
CRP attenuated the increased IL-6 production induced by
LPS in equine synoviocytes whereas the S enantiomer had a
similar effect on chondrocytes.54 Neither enantiomer of the
racemic mixture suppressed the LPS-induced IL-1 production
in synoviocytes or chondrocytes.

A study evaluating the effect of FLM, tolfenamic acid and
both the R and S enantiomers of KTP on the response of
equine synoviocytes to LPS demonstrated that all four com-
pounds inhibited �-glucuronidase in a concentration-
dependent manner, with tolfenamic acid being the most
potent.55 Tolfenamic acid and FLM caused an increased pro-
duction of IL-6 induced by LPS, but only at their highest con-
centration (1000 �mol/L). Flunixin, tolfenamic acid and the
S enantiomer of KTP caused a significant and concentration-
dependent increase in IL-1 release. All four drugs caused a
marked, concentration-dependent inhibition of PGE2 synthe-
sis. These findings suggest that by removing the regulator role
of PGE2 on IL-1 synthesis, the long-term use of NSAIDs in
horses with arthropathies could potentially enhance carti-
lage degeneration. In another study evaluating the effect of
commonly used NSAIDs on LPS-stimulated equine synovial
membrane explants, it was demonstrated that PBZ, FLM, KTP
and CRP suppressed PGE2 production without causing a
detrimental effect on viability of function as measured by
hyaluronan synthesis.56

Administration of PBZ (4.4 mg/kg p.o. every 12 hours) for
30 days caused a significant decrease in mineral apposition
rate in the tibia and appeared to decrease the healing rate of
unicortical defects in horses.57

Antipyretic effects

Cytokines such as TNF, IL-1 and IL-6 increase in response to
LPS and other inflammatory stimuli and result in the
increased production of PGE2 in the hypothalamus. The net
effect of this hypothalamic increase in PGE2 is to reset the
body’s thermal set point at a higher temperature, resulting in
fever. NSAIDs inhibit endogenous PGE2, which raises the
threshold level of the thermoregulatory center in the hypo-
thalamus9, thereby preventing or limiting the febrile
response. Different NSAIDs seem to have varying antipyretic
effects; empirically, dipyrone seems to be the most effective
antipyretic in horses. The antipyretic effects of NSAIDs are
observed with doses that inhibit PG synthesis, which is
usually much lower than those needed for anti-inflammatory
effects.

Antiendotoxic effects

NSAIDs are effective in inhibiting endotoxin-induced
prostanoid release and thus are used to pretreat horses
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predisposed to develop endotoxemia or to treat horses with
suspected endotoxemia to prevent endotoxic shock. Some
horses with infectious conditions of the musculoskeletal
system such as septic arthritis/tenosynovitis, septic cellulitis,
myositis and other potential infectious conditions involving
Gram-negative bacteria are predisposed to the adverse effects
of endotoxemia. Flunixin meglumine reportedly is more
effective in ameliorating the cardiovascular effects of endo-
toxin, whereas PBZ is more selective in blocking the
inhibitory effect of endotoxin on gastrointestinal motility.58

Pretreatment with FLM (0.25 mg/kg i.v.) decreases the syn-
thesis of TBX-B2 and 6-ketoprostaglandin F1�, the stable
metabolites of TBX-A2 and prostacyclin respectively, and
improves hemodynamic status in experimentally induced
endotoxemia in equids. Flunixin meglumine prevents endo-
toxin-mediated pregnancy loss in mares during the first 60
days of gestation only if administered in the early stages of
endotoxemia (often before clinical signs are present).59

Hemostatic and antithrombotic effects

Aspirin and other NSAIDs are sometimes used in horses for
treatment or prophylaxis of diseases with a thromboembolic
component, including thrombophlebitis, laminitis, navicular
disease, intestinal ischemia and non-strangulating infarc-
tion. Aspirin is recommended because of its irreversible inhi-
bition of platelet COX leading to inhibition of TBX-A2
synthesis, which is a proaggregatory and vasoconstrictor
substance released during blood clotting.9,10 A single oral
dose of aspirin (20 mg/kg) prolongs bleeding time and
decreases platelet adhesiveness in horses.60 Aspirin
(19 mg/kg) causes complete blockade of serum TBX-B2 syn-
thesis for 7 days; 74% inhibition remains at 24 days.44 This
indicates that aspirin causes complete, irreversible inhibition
of platelet COX and this action probably extends to
megakaryocytes in the bone marrow.44 In vitro studies of
equine platelets demonstrate that FLM, PBZ and NPX also
have potent antiaggregatory properties.61 Flunixin meglu-
mine and PBZ cause reversible inhibition of platelet COX,
with serum TBX-B2 concentrations returning to normal
within 48 hours.44 Because microthrombi and
platelet–platelet or platelet–neutrophil aggregates have been
shown to form during laminitis,62 some clinicians administer
aspirin to horses as a preventive or therapeutic agent;
however, the efficacy of this treatment is unknown.

Laminitis

Horses with acute gastrointestinal tract disease, other infec-
tious or inflammatory diseases and horses with severe lame-
ness are predisposed to the development of laminitis.
Therefore, NSAIDs are often considered crucial in horses for
the prevention and/or treatment of laminitis. Providing anal-
gesia disrupts the pain–vasoconstriction cycle induced by the
release of catecholamines and other vasoconstrictive sub-
stances. This may help attenuate the decreased digital blood
flow and laminar perfusion characteristic of the early stages
of acute laminitis. Phenylbutazone is believed by many to be

more effective in reducing pain associated with laminitis;
however, FLM, MFA and KTP are also effective.9,10,41 Aspirin
may also be useful in decreasing platelet aggregation in the
laminar microvasculature, which should improve laminar
blood flow. A PBZ equimolar dose of KTP (3.63 mg/kg),
which is 1.65 times the recommended therapeutic dose, was
more potent than PBZ in alleviating chronic hoof pain and
lameness.41 Whether or not the commonly used NSAIDs are
effective in reducing the inflammatory cascade involved in
laminitis or whether they simply provide analgesia by inhibit-
ing PGE2 synthesis is currently unknown. Regardless, they
are a vitally important component of the medical manage-
ment of acute laminitis.

Clinical applications

Clinical and experimental evidence suggests that PBZ be used
at 4.4 mg/kg once daily or 2.2 mg/kg once to twice daily for
its analgesic and anti-inflammatory properties in muscu-
loskeletal disease.6 Additionally, clinical experience suggests
PBZ also exerts anti-inflammatory effects in reducing surgi-
cal wound edema; however, this has not been demonstrated
experimentally. Clinically, dipyrone is not a very effective
analgesic for musculoskeletal pain and is usually adminis-
tered i.v. in horses principally for its antipyretic effects.
Aspirin is a poor analgesic, but its irreversible effect on
platelets at low doses makes it potentially useful for horses
with laminitis and navicular disease. Meclofenamic acid is
apparently most useful for treatment of chronic muscu-
loskeletal pain. In a clinical trial, MFA was shown to improve
lameness in 78% of horses with navicular disease, 76% with
chronic laminitis and 61% with osteoarthritis.63 Another
clinical trial comparing 7-day treatment regimens of MFA
(2.2 mg/kg) to PBZ (4.4 mg/kg) in horses with navicular
disease and osteoarthritis demonstrated that 60% of those
treated with MFA responded favorably compared with 36%
treated with PBZ.10

Flunixin meglumine is effective and useful in the treat-
ment of lameness in horses, but because of its high cost in
comparison to PBZ, it is usually not the first NSAID adminis-
tered. In one clinical trial of horses with various muscu-
loskeletal diseases, FLM alleviated clinical signs in 74%.64

Naproxen is somewhat unique in the relative closeness of the
doses required for its analgesic and anti-inflammatory effects.
When administered at a dose of 4–8 g/day for 7 days, NPX
markedly improved lameness and stride length in horses with
experimentally induced myositis.65 Naproxen was also
reported to be particularly effective in the treatment of
inflammatory swelling and lameness.66 Clinically, 90% of
horses with myositis treated with NPX responded favorably
within 5 days. Ketoprofen has been shown to decrease syn-
ovial fluid PGE2 concentrations, joint effusion and lameness
in a carrageenan-induced synovitis model in horses.51 Some
veterinarians prefer KTP to FLM or PBZ in the treatment of
musculoskeletal inflammation and pain in foals due to its
decreased propensity for gastrointestinal ulceration.
Carprofen has been shown to decrease inflammatory exudate
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PGE2 levels for up to 8 hours and ex vivo TBX-B2 generation
for 15 hours after a single i.v. dose.24 Additionally, it reduced
the swelling in an experimental model of soft tissue
inflammation in the necks of ponies. Carprofen has also been
shown to alleviate cutaneous pain caused by application of a
heating element for 24 hours and was equally effective to PBZ
and FLM for postoperative analgesia.47 Ketoprofen and CRP
are particularly effective in decreasing inflammation-associ-
ated edema and joint effusion in horses.10,51

Combination NSAID therapy

Because all NSAIDs have a similar mechanism of action, it is
believed that there is no apparent benefit of administering
NSAIDs in combination. However, combination NSAID
therapy is becoming increasingly common. Although it is
true that all NSAIDs inhibit COX, it is currently unknown if
there is greater affinity of NSAIDs for COX in certain tissues.
Likewise, it is assumed that there is a differential affinity of
the COX isoforms by the same NSAID. Thus, because NSAIDs
have a similar mechanism of action, combination therapy
can increase the potential for toxicity. Therefore, it is impor-
tant to adjust the dose of each NSAID if administered in com-
bination and it is imperative to maintain hydration in order to
reduce the potential for toxicity.

Combination NSAID therapy may be useful perioperatively
in certain horses. For example, those with ischemic bowel
requiring intestinal resection and anastomosis are predisposed
to the development of endotoxemia, postoperative ileus, lamini-
tis and thrombophlebitis. Flunixin meglumine appears to be
superior in blocking the effects of endotoxin on hemodynamic
variables and decreasing eicosanoid synthesis.67–71

Phenylbutazone is anecdotally reported to be more effective
in controlling pain in horses with laminitis and has been shown
to be more selective in decreasing the inhibitory effects of endo-
toxin on intestinal motility.58 Aspirin, often administered for its
antithrombotic effects, may help prevent or reduce laminitis,
thrombophlebitis and intestinal adhesion formation.
Concurrent administration of FLM (1.1 mg/kg i.v.) and PBZ
(2.2 mg/kg i.v.) does not alter the disposition or clearance of
either drug; therefore, it should not result in increased concen-
trations of either drug.72 However, concurrent administration
of FLM and PBZ prolongs the pharmacologic effect (TBX-B2
suppression) and may increase the potential for toxicity.72

Experimental or controlled clinical studies are necessary to eval-
uate the therapeutic efficacy and toxicity of combination NSAID
regimens before they can be recommended.

Adverse effects of NSAIDs

Inhibition of the COX pathway accounts not only for the
therapeutic effects of NSAIDs, but also for the potential toxic
effects. Gastrointestinal ulceration and renal papillary necro-
sis associated with NSAIDs are believed to occur secondary to
decreased PGE2 synthesis, which is important in maintaining
mucosal blood flow and other cytoprotective effects and renal
medullary blood flow. There may be breed, age and idiosyn-

cratic differences in the susceptibility to NSAID toxicity. For
example, ponies are reportedly more susceptible than horses to
the toxic effects of PBZ73 and young animals are also believed to
be especially sensitive to the adverse effects of NSAIDs.74–77

Horses that are aged, systemically ill and/or dehydrated also
appear to be predisposed to the toxic effects of NSAIDs. The toxic
potential of the three most commonly used NSAIDs in horses
was greatest for PBZ, less for FLM and least for KTP.7 Naproxen
did not cause clinically apparent toxicity in horses at three times
the recommended dose.20 Although data are scarce, MFA and
CRP seem to have minimal toxic effects when used at the rec-
ommended dosing regimen.6,38 Therefore, veterinarians should
use caution when selecting and administering NSAIDs to
young, aged, systemically ill or dehydrated animals because of a
greater susceptibility to the toxic side effects.

Gastrointestinal tract ulceration

Administration of NSAIDs in excessive doses, for prolonged
periods or in the presence of dehydration or volume depletion
can lead to a number of serious side effects. Gastrointestinal
ulceration (gastric glandular and small and large intestinal
mucosa) is a relatively common side effect of NSAID adminis-
tration in horses. Additionally, horses administered NSAIDs
(especially PBZ orally) can develop ulcerations of the oral
mucosa as a result of a local irritant effect, which could
account for the effects observed on the cecal and large colon
mucosa of horses treated with orally administered PBZ.
Phenylbutazone binds to hay, which delays its absorption.
Once the hay reaches the large intestine (cecum and colon),
PBZ is released after digestion and fermentation, resulting in
relatively high concentrations that could have a local irritant
effect on the cecal and colonic mucosa. However, this local
irritant effect cannot account for all of the toxic effects since
similar lesions are noted in horses with parenterally adminis-
tered NSAIDs.

The ulcerogenic effects of NSAIDs are believed to result
from an NSAID-mediated decrease in mucosal PGE2, leading
to vasoconstriction, hypoxia and necrosis. Prostaglandins are
normally cytoprotective in the gastrointestinal tract.
Prostaglandin E2 and PGI2 decrease the volume, acidity and
pepsin content of gastric secretions and also stimulate bicar-
bonate secretion by epithelial cells, produce mucosal vasodi-
lation, increase mucus production and stimulate turnover
and repair of gastrointestinal epithelial cells.78 NSAIDs
disrupt these normal cytoprotective effects in the gastric
mucosal barrier and contribute to the development of gastric
glandular mucosal ulceration. Gastrointestinal ulceration is
often accompanied by secondary anemia, hypoproteinemia
and hypoalbuminemia owing to blood and plasma protein
loss. Additionally, horses with NSAID toxicity often demon-
strate neutropenia, which has been suggested to be due to
suppression of granulopoiesis in the bone marrow. However,
this effect is most likely secondary to intestinal inflammation,
disruption of the mucosal barrier and subsequent absorption
of endotoxin into the circulation.

In recent studies, PBZ did not decrease gastric or intes-
tinal mucosal PG concentrations in horses 48 hours after
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administration.79 There is evidence to suggest that PBZ causes
direct injury to the intestinal microvasculature.79 Juvenile
horses are especially predisposed to the ulcerative effects of
these drugs on the gastric mucosa, while adult horses are more
commonly affected with right dorsal colon ulceration, resulting
in abdominal pain, diarrhea and a protein-losing enteropathy.7

Most reported cases of ulcerative colitis have been in adult
horses administered PBZ but other NSAIDs can contribute to
the development of this disease. The relative ulcerogenic effect of
three commonly used NSAIDs in clinically normal adult horses
is PBZ > FLM > KTP.7

Non-selective COX-1 inhibitors or those with combined
COX-1 and COX-2 inhibitory effects delay the recovery of
ischemic-injured intestinal mucosa.45 This finding demon-
strates that constitutively synthesized PGs are important for
mucosal recovery. Etodolac, a potential COX-2 inhibitor in
horses, partially inhibited PG synthesis, but had no effect on
recovery of ischemic-injured equine jejunal mucosa in vitro,
which is in contrast to FLM, which almost fully inhibited PGs
and inhibited mucosal recovery.45 Etodolac behaved similar to
a COX-2 inhibitor in that it partially inhibited PGE2 and PGI2,
but had no effect on TBX-B2, a COX-1 metabolite.45

Renal toxicity

Papillary necrosis is the major nephrotoxic effect of NSAIDs
observed in horses but tubular nephritis can also occur. Renal
synthesis of PGs occurs primarily in the medulla.80

Conditions resulting in renal vasoconstriction (dehydration,
volume depletion, shock) induce PG synthesis and secondary
compensatory vasodilation.80 Under normal circumstances,
vasodilatory PGs play a minor role in maintaining renal
blood flow and controlling renal function. However, during
certain pathophysiological conditions, vasodilatory PG syn-
thesis is required to maintain adequate renal perfusion and
function. Renal medullary ischemia is considered the initiat-
ing factor in the development of renal papillary necrosis. This
occurs when horses are administered NSAIDs either in exces-
sive doses, for prolonged periods, or concomitant with dehy-
dration or volume depletion.74,75,81 Without concurrent
dehydration, PBZ does not reportedly result in renal papillary
necrosis.75 However, concurrent administration of NSAIDs
and aminoglycoside antibiotics can also potentiate the risk of
nephrotoxicity.10 If possible, horses that are dehydrated or
volume depleted should have their fluid volume normalized
prior to beginning NSAID therapy.

Hemostatic effects

Although NSAIDs impair platelet adhesion and can either
lead to or exacerbate bleeding tendencies owing to their inhi-
bition of platelet TBX-B2 synthesis, these are not frequently
observed complications in horses.40

Decreased wound healing

Administration of NSAIDs has been reported to contribute to
an increased incidence of abdominal incisional complica-

tions in horses.82 Although NSAIDs reportedly have no clini-
cally significant effect on wound healing, their use in horses
has been reported to contribute to the development of
abdominal incisional complications.82 Experimentally, the
administration of FLM (1.1 mg/kg i.v. b.i.d) for 7 days caused
decreased strength in skin, linea alba and small intestinal
enterotomy wounds at 7 days in ponies.83 Another retrospec-
tive study reported no association between the administra-
tion of NSAIDs and the development of abdominal incisional
complications.84 Clinically, the use of NSAIDs does not
appear to affect wound healing.

Thrombophlebitis

Perivascular injection of PBZ causes intense phlebitis and
tissue necrosis. Administration of excessive doses of PBZ has
been demonstrated to cause degeneration and dilation of the
walls of small veins and microvascular phlebitis, which may
contribute to some of the toxic effects on the intestinal
mucosa and kidney.79 Fifty percent of horses administered
PBZ develop pulmonary vascular thrombosis observable at
necropsy.85 The clinical significance of these changes is
unknown.

Corticosteroid therapy

Corticosteroids are administered systemically and locally for
their anti-inflammatory properties in horses. These drugs are
often administered either parenterally or orally for their sys-
temic anti-inflammatory effects or locally within joints for
local anti-inflammatory effects. Despite the potential unto-
ward effects on articular cartilage, corticosteroids are com-
monly administered intra-articularly in horses with
non-septic joint disease because of their potent anti-
inflammatory properties. Intra-articular injection of corti-
costeroids into inflamed joints depresses the initial
inflammatory events, including capillary dilation, leukocyte
margination and migration, inflammatory cell accumula-
tion, enzyme and inflammatory mediator liberation and
cytokine, prostaglandin and thromboxane synthesis.86

Classification and mechanism of action

Glucocorticoids are produced synthetically and are often
classified according to their onset and duration of action, and
route of administration.87 Corticosteroids commonly admin-
istered parenterally in horses with rapid onset (< 1 min) and
short duration (t1/2 = 1–2 h) include prednisolone sodium
succinate (Solu-Delta-CORTEF, Upjohn), methylprednisolone
acetate (Depo-Medrol, Upjohn) and methylprednisolone
sodium succinate (Solu-Medrol, Upjohn). Those cortico-
steroids with rapid onset (5–45 min) and intermediate dura-
tion (t1/2 = 3–4 h) include dexamethasone sodium phosphate
or dexamethasone in propylene glycol (Azium SP and Azium,
Schering). Corticosteroids with slow onset and long duration
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include triamcinolone acetonide (Vetalog, Solvay), methyl-
prenisolone acetate (Depo-Medrol), and flumethasone
(Flucort, Syntex). Parenteral formulations of corticosteroids
with rapid onset are usually used in emergency situations
such as anaphylaxis and circulatory shock, whereas those
with slow onset and long duration are used for synovitis,
arthritis or intralesional therapy. Orally administered corti-
costeroid formulations are categorized as rapid onset and
short duration (prednisone tablets); rapid onset and short-
to-intermediate duration (triamcinolone tablets or powder);
and slow onset and long duration (dexamethasone tablets or
powder).87 These formulations are usually used for subacute
to chronic inflammatory or allergic conditions.

Corticosteroids are 21-carbon molecules that contain
three 6-carbon rings and a 5-carbon ring.88 Pharmacological
activity depends upon the presence of a hydroxyl group at 
the C-11 location. The corticosteroids available for intra-
articular use are 11�-hydroxyl compounds that do not
require biotransformation and are generally ester salts pre-
pared as suspensions. The duration of effect appears to be
inversely correlated with the water solubility of the cortico-
steroid and the rate of absorption. Triamcinolone is the most
insoluble and has the longest duration of action. Other
factors believed to determine the duration of action of intra-
articular corticosteroids include the rate of hydrolysis of the
drug by enzyme in the synovial cavity as well as the binding
affinity of the steroid for the steroid receptors in the target
cells of the joint.88

The local effect of a corticosteroid in the joint is dependent
on the rate of hydrolysis within the joint. Methylprednisolone
acetate (MPA) is considered a long-acting ester when given
i.m. because of the slow rate of absorption from the site of
injection with subsequent hydrolysis in the plasma. However,
when injected into a joint, it is rapidly hydrolyzed to the active
drug (methylprednisolone, MP) with high local synovial fluid
concentrations detectable within 2 hours post injection.89,90

Measurable concentrations of MP were detectable for 5–39
days, whereas MPA was detectable for only 2–6 days post
injection. Although MPA was not detectable systemically
after intra-articular injection, it was detectable in the syn-
ovial fluid for 24 hours. This resulted in depression of endoge-
nous hydrocortisone for 3–4 days, but the adrenal gland
remained responsive to corticotrophin.89

The biologic potency or activity of corticosteroids is
dependent upon many factors, including the total dose
administered, the duration of action, duration and frequency
of treatment, rate of conversion to biologically active metabo-
lites, crystal size of the suspension and numerous other cell
and tissue variables.88 Corticosteroids exert their effect on
cells by binding to plasma membrane and steroid-specific
cytosolic receptors of steroid-responsive tissues.87,91 The cor-
ticosteroids apparently passively diffuse into the cytosol of
steroid-responsive tissues and bind to cytosolic receptors,
which leads to a change in the allosteric nature of the recep-
tor–steroid complex. The activated cytosolic receptors are
then translocated to the nucleus where they bind to the
steroid response element on nuclear DNA. This results in
modulation of gene transcription and mRNA coding for

specific proteins that ultimately causes the hormonal effect.
Glucocorticoids exert their anti-inflammatory effects via
stimulating production of lipocortin, which inhibits the
activity of plasma membrane-bound phospholipase A2
(PLA2) and thereby inhibits release of arachidonic acid and
indirectly the de novo synthesis of inflammatory mediators
including PGs, TBXs, LTs and platelet-activating factor. The
onset of action at the cellular level is likely immediate, but
completion of the necessary steps in this cascade likely takes
from a few to several hours, which delays the biologic effect.

Corticosteroids exert their local anti-inflammatory effects
by:

● stabilizing lysosomal membranes and the concomitant
release of lysosomal enzymes

● decreasing vascular permeability
● inhibiting leukocyte adherence to microvascular endo-

thelium and subsequent diapedesis
● suppressing leukocyte superoxide synthesis
● inhibiting platelet aggregation
● inhibiting PG synthesis by inhibiting the release of ara-

chidonic acid from membrane phospholipids
● reducing inflammatory effects of the healing process that

result in fibrosis.91

Glucocorticoid receptors have been identified in neutrophils,
lymphocytes and eosinophils. Corticosteroids typically have
greater effects on cellular rather than humoral processes and
on movement rather than function of leukocytes.88 One of
the predominant mechanisms of their anti-inflammatory
properties is their inhibitory effect on the migration of neu-
trophils and macrophages into sites of inflammation. When
administered systemically, corticosteroids cause a neu-
trophilic leukocytosis owing to a prolonged half-life,
increased bone marrow synthesis of neutrophils, decreased
margination and subsequent egress into sites of inflamma-
tion. Corticosteroids also have been shown to exert a dose-
dependent effect on neutrophil function but this occurs to a
lesser degree than the effect on leukocyte movement. Higher
doses inhibit the release of lysosomal enzymes from neu-
trophils and neutrophilic phagocytosis is similarly sup-
pressed. Poor correlation has been reported between
neutrophil numbers and PGE2 concentrations in synovial
fluid after corticosteroid treatment of chronic inflammatory
joint disease in people, which suggests a likely alternative
source of prostaglandins and/or differential effects of these
drugs on cellular function.92

Pharmacokinetics

Clearance

Corticosteroid suspensions generally have a relatively short
intra-articular half-life. Considerable variation has been
reported for the clearance of corticosteroid suspensions from
the synovial cavity after intra-articular administration.
Triamcinolone acetate has a reported synovial fluid half-life
ranging from 1 to 5 days.93 The median synovial fluid half-life
of MPA and MP in the tarsocrural joint space of normal
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horses as detected with high-performance liquid chromatog-
raphy was 10.3 and 10.4 hours, respectively.94 Another
study has demonstrated that MPA can liberate its active
principle in the synovial cavity for up to 1 month after intra-
articular injection.89

Therapeutic uses

Joint disease

Although there is appreciable information in the literature
regarding the untoward effects of intra-articular cortico-
steroid therapy, much of this has been shown more recently
to be overgeneralization; there appear to be distinct differ-
ences in the effect of steroids on articular cartilage and syn-
ovial membrane depending upon the type and dose used.
Intra-articular injection of corticosteroids remains a useful
treatment for traumatic, degenerative and non-septic joint
disease in the horse. Steroids effectively suppress the pain,
heat and swelling associated with inflammatory joint disease
and thus are effective in treating synovitis and arthritis.
Aseptic technique is essential to prevent joint infection.91

Several drug formulations are approved for intra-articular
administration, such as triamcinolone acetonide (TMA),
isoflupredone acetate, betamethasone acetate (BMA), MPA
and flumethasone.87

Experimental and clinical effects of
intra-articular corticosteroids

Numerous in vivo and in vitro experimental and clinical
investigations have reported on the therapeutic and deleteri-
ous effects of intra-articular corticosteroids in horses.

Methylprednisolone

Intra-articular injection of MPA into the joints of normal
horses has shown some regressive effects on articular carti-
lage.95,96 However, questions remain regarding the minimal
effective dose and the effect this would have in arthritis/syn-
ovitis and the effect in joints of exercised horses.

Injection of 100 mg of MPA into the middle carpal joint of
horses with experimentally induced osteochondral fragmen-
tation of the distal radial carpal bone did not reduce lame-
ness, but did cause a decrease in synovial fluid PGE2
concentrations and lowered scores for synovial membrane
intimal hyperplasia and vascularity, when compared with
polyionic fluid-treated joints.97 These potential beneficial
effects must be weighed against the detrimental findings of
articular cartilage erosion and morphologic lesions associ-
ated with MPA treatment. The deleterious effects of MPA in
this model are in contrast to the favorable effects of TMA on
clinical lameness, synovial fluid, synovial membrane and
articular cartilage morphologic and biochemical parameters
in the same model.98

A study of acute synovitis of the radiocarpal and middle
carpal joints induced by four injections of lipopolysaccharide

(0.5 ng) at 2-day intervals in ponies demonstrated that intra-
articular injection of MPA (0.1 mg/kg) concomitant with the
last dose of LPS 2 days before euthanasia had substantial
effects on proteoglycan, protein and collagen synthesis in
harvested cartilage explants.99 Methylprednisolone alone
caused a decrease in proteoglycan synthesis and increased
protein and collagen synthesis in cartilage explants. Synovial
membrane protein synthesis was also increased by MPA.
However, there were no differences in protein or proteoglycan
synthesis in explants from horses with synovitis whether or
not they were treated with MPA. Acute synovitis appeared to
prevent changes induced by intra-articular MPA alone. The
effects of intra-articular MPA are different in inflamed versus
normal joints.

A study evaluating the effects of LPS-induced acute syn-
ovitis and the effects of MPA on transcription of cartilage
matrix proteins in ponies demonstrated that articular chon-
drocytes increase type II procollagen and aggrecan synthesis
in response to synovitis and that MPA alters chondrocyte
function in both inflamed and normal joints.100

In another study, synovial fluid samples were collected
weekly from the radiocarpal joints of normal horses and MPA
(60 mg) was injected into the radiocarpal joints at 2-week
intervals, beginning on week 3, to quantify synovial fluid
volume and keratan sulfate, cartilage aggrecan, C-propeptide
and cartilage type II procollagen.101 Synovial fluid volume
was significantly reduced by MPA at weeks 4, 6, 7 and 8 but
had returned to pretreatment values by week 9, which corre-
sponded to 2 weeks after the last injection of MPA. It is known
that corticosteroids suppress synovial membrane hyaluronic
acid synthesis in vitro and this may contribute to the reduc-
tion in synovial fluid volume in normal joints. Keratan sulfate
and cartilage aggrecan were significantly increased in the
synovial fluid of joints treated with MPA, when compared
with non-treated controls. C-propeptide was significantly
decreased in synovial fluid of MPA-treated joints. These
results suggest that repeated use of intra-articular MPA leads
to potentially deleterious inhibition of procollagen II synthe-
sis and increased release of degradation products of proteo-
glycan aggrecan from articular cartilage. This study also
demonstrated that MPA did not influence articular cartilage
aggrecan metabolism in the contralateral joint, which is in
contrast to remote-site effects of TMA on articular cartilage
GAG content.98

In an in vitro study, equine articular cartilage explants
were treated with methylprednisolone sodium succinate
(MPS) at various concentrations ranging from 0.001 to
10 mg/mL for one day and then in fresh medium without
MPS.102 Proteoglycan synthesis was severely depressed by
10 mg/mL MPS for 24 hours in normal cartilage. Cartilage
treated with 5 mg/mL had pyknotic chondrocyte nuclei and
empty lacunae. MPS concentrations of 1.0 and 0.1 mg/mL
depressed proteoglycan synthesis in normal cartilage but
concentrations recovered within 2 days after MPS removal
from the medium. Concentrations of MPS of 0.01 and
0.001 mg/mL did not have a significant effect on proteogly-
can synthesis in normal cartilage explants. MPS concentra-
tions of 1.0 and 0.1 mg/mL alleviated articular cartilage
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degradation in explants cultured in monocyte-conditioned
medium, which suggests that it is possible to identify an intra-
articular concentration of corticosteroid that will protect
articular cartilage from cytokine-induced matrix degrada-
tion, but will not have a prolonged or permanent deleterious
effect on chondrocyte matrix synthesis.

Equine chondrocytes cultured in monolayer were stimu-
lated with IL-1� and cultured either with or without dexa-
methasone or MPA.103 The stimulatory effect of IL-1� on
matrix metalloproteinase (MMP) 13 (collagenase 3) gene
expression in articular chondrocytes was decreased by dexa-
methasone, and reduced in a dose-dependent manner by
MPA. These in vitro results parallel in vivo studies in other
species and indicate that in vivo use of corticosteroids
reduces the rate of progression of experimentally induced
osteoarthritis.104–106 In another study, the effects of MPA,
BMA and dexamethasone in inhibiting equine MMP-2 and
MMP-9 were assessed using gelatinase and casein degrada-
tion assays.107 Betamethasone had no effect on MMP-2 or -9.
Dexamethasone and MPA had no effect on MMP-9, but MMP-
2 was significantly inhibited at the highest dose tested for
dexamethasone (1 mg/mL) and the higher concentrations of
MPA (1.2 and 5 mg/mL). Corticosteroids affect MMP levels in
disease by preventing synthesis at the transcriptional level,
which has been documented in the horse.108

Articular cartilage explants and chondrocyte monolayer
cultures obtained from young adult horses were cultured to
determine the effect of differing concentrations of MPA on
chondrocyte function and viability in vitro.109 Steady-state
levels of type II procollagen mRNA decreased without concomi-
tant decreases in type I procollagen expression as the concen-
tration of MPA in the culture medium increased from 1 × 101 to
1 × 108 pg/mL. Cytotoxicity occurred as MPA concentrations
increased to 1 × 108 and 1 × 109 pg/ml. The cartilage-specific
fibronectin was suppressed in normal and inflamed joints with
a single intra-articular injection of 0.1 mg/kg MPA. Collectively,
this study demonstrates that MPA suppresses matrix protein
markers of chondrocyte differentiation. The investigators
speculate that a decreased and altered expression of matrix
proteins in chondrocytes likely contributes to corticosteroid-
induced cartilage degradation.109

An in vitro study evaluating the effect of MPA on proteo-
glycan and collagen metabolism in cartilage explants from
normal equine joints revealed several important findings.110

Proteoglycans were not lost to the media in response to MPA
treatment over a 72-hour period, but there was a decrease in
the size of some aggrecan monomers as well as the proteo-
glycan aggregate. The lowest doses of MPA stimulated protein
synthesis and there was a trend for a similar pattern for 
proteoglycan and collagen synthesis. A protective effect of
MPA against proteoglycan degradation in the explants was
observed with higher doses (0.04–4.0 mg/mL) as demon-
strated by reduced GAG being released into the media. 
The investigators speculate that MPA may affect post-
translational modification of the core protein with the
addition of smaller and fewer GAG chains.110

Methylprednisolone acetate reduced proteoglycan loss in
cartilage explant cultures from the middle carpal joint of

horses but this effect was not seen at clinically relevant con-
centrations.111 MPA caused a dose-dependent inhibition of
proteoglycan synthesis at all concentrations tested but chon-
drocyte viability was deleteriously affected only at the
2000 �g/mL dose. These results suggest that the therapeutic
effect of MPA is not restricted to the anti-inflammatory effects
on soft tissues of the joint.

Betamethasone

Horses were administered either 2.5 mL of betamethasone
(3.9 mg betamethasone sodium phosphate and 12 mg
betamethasone acetate per mL) or an equivalent volume of
saline intra-articularly 14 and 35 days after experimentally
induced osteochondral fragmentation of the distal radial
carpal bone.112 Some horses were exercised on a high-speed
treadmill and others were kept in a box stall, and all horses
were evaluated serially and then euthanized 56 days after
fragmentation. The BMA did not cause any histologic, histo-
chemical or biochemical evidence of articular cartilage alter-
ations in horses with or without exercise.112 The exercised
horses also had comparable glycosaminoglycan concentra-
tions as the saline-treated control joints. Therefore, the intra-
articular injection of BMA in the middle carpal joint did not
cause any consistently observable detrimental effects in exer-
cised or non-exercised horses.

Triamcinolone

Recent work has suggested that intra-articular TMA (12 mg)
may exert chondroprotective effects in the horse with experi-
mentally induced osteochondral fragmentation.98 Horses
treated with TMA were less lame than horses with osteo-
chondral fragments treated with polyionic fluids and horses
without osteochondral fragments injected with polyionic
fluids. Joints treated with TMA had less synovial membrane
inflammatory cell infiltrate, intimal hyperplasia and subinti-
mal fibrosis. Additionally, TMA-treated joints had better artic-
ular cartilage morphologic scores and increased hyaluronic
acid concentrations. These findings support a chondroprotec-
tive effect of TMA with no observable detrimental effects.
Despite previous reports of non-detectable corticosteroid
levels in the contralateral joint of horses,94 there was an
observable beneficial remote-site effect in the non-treated
joints of these horses. This remote-site effect of TMA in joints
contralateral to the treated joints suggests a possible treat-
ment effect perhaps unrelated to detectable levels of the drug
and involving a mechanism of action that may not be phar-
macologically mediated.98

In another report of the effects of intra-articular TMA
(12 mg) on subchondral bone in horses with experimentally
induced osteochondral fragmentation of the distal radial
carpal bone, it was demonstrated that treated horses were
significantly less lame than non-treated ones.113 Additionally,
there were no observable detrimental effects of TMA on any
parameter measured, indicating there were no deleterious
effects on the dynamics of bone remodeling and fragility 
in horses with experimentally induced osteochondral
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fragmentation of the middle carpal joint.113 However, the
investigators mentioned their concern that the treated
horses, which were less lame, did not have increased sub-
chondral bone formation as expected from their improved
weight bearing and increased loading. They speculate that
TMA might have caused a slight reduction in the normal
subchondral bone remodeling response.113

Dosage regimen

The formulation and dose of corticosteroid suspensions com-
monly used for intra-articular administration in horses is
given in Table 23.2.

Adverse effects of intra-articular 
corticosteroids

Administration of corticosteroids into joints can have both
therapeutic and detrimental effects.91 The detrimental effects
include decreased cartilage elasticity and glycosaminoglycan
content with progressive cartilage degeneration; formation of
calcium deposits on the surface of hyaline cartilage; cartilage
thinning and fissure formation; and decreased synovial fluid
viscosity and hyaluronic acid content. The predominant
adverse effects include ‘steroid arthropathy’, postinjection
flare, septic arthritis and osseous metaplasia.91 These delete-
rious effects have been shown to be both drug and dose
dependent.

Because of the intense reduction in inflammation and
associated pain caused by intra-articular injection of cortico-
steroids, there is some concern that horses may overuse an
injured, ‘pain-free’ joint, thus accelerating joint degenera-
tion. This concern has been substantiated by at least some
studies showing that corticosteroids can have deleterious
effects on chondrocyte metabolism. However, the beneficial
effects on reducing inflammation and the associated degrada-
tive mediators released from inflammatory cells versus the

potential direct deleterious effects must be weighed when
considering the use of corticosteroids in an inflamed joint. At
high concentrations, corticosteroids inhibit proteoglycan
synthesis and have a negative influence on the structure of
collagen in the articular cartilage.95,114 However, there is
debate over the clinical importance of decreased proteogly-
can content, particularly when lower doses of steroids are
used. More recently, BMA or TMA injected into the joints of
horses with experimentally induced cartilaginous lesions fol-
lowed by exercise on a treadmill did not cause any exacerba-
tion of cartilage damage beyond that observed in control
animals.112,113 Therefore, it appears that worsening of carti-
laginous damage in horses undergoing strenuous exercise
may not be as much of a concern as has been reported previ-
ously. This is particularly true when using lower doses of cor-
ticosteroids, particularly TMA and BMA.

Corticosteroids can lead to steroid arthropathy by delaying
fracture healing and reducing synovial inflammation and
associated pain, which enables the horse to continue strenu-
ous exercise, thereby exacerbating the degenerative joint
disease.91 Steroid arthropathy is characterized by an acceler-
ated rate of joint damage, radiographic evidence of severe
degenerative joint disease, joint enlargement owing to capsu-
lar distension and osteophytic new bone growth, decreased
range of motion and crepitation. This condition usually
occurs following intra-articular injection of corticosteroids
into joints with pre-existing cartilage damage or those not
rested appropriately after injection. Recommended doses of
corticosteroids injected into a normal joint may not lead to
corticosteroid-induced arthropathy, even with strenuous
exercise. However, injured joints should be allowed to rest fol-
lowing corticosteroid injection in order to allow the
hyaluronic acid content to return to normal levels. Despite
the fact that hyaluronic acid content increases with pro-
longed corticosteroid use, the catabolic effect on cartilage
matrix increases the vulnerability of cartilage to traumatic
injury. Corticosteroids administered at higher doses or at
more frequent intervals than recommended can lead or con-
tribute to steroid arthropathy.

498
Musculoskeletal system

Corticosteroid Trade name Concentration Dose Potency Relative 
suspension (mg/mL) (mg) relative to duration

hydrocortisone of action

Betamethasone Celestone 6* 3–18 30 Medium–Long
soluspan

Flumethasone Flucort 0.5 1.25–2.5 120 Short–Medium
Isoflupredone Predef 2X 2 5–20 50 Short–Medium
‘acetate’
Methylprednisolone Depo-Medrol 40 40–120 5 Long
‘acetate’
Triamcinolone Vetalog 6 6–18 5 Medium
‘acetonide’
* Each mL contains 3 mg betamethasone acetate and 3 mg betamethasone sodium phosphate.
Modified from Caron JP. Principles of treatment of joint disease. In:Auer DE, Stick JA, eds. Equine surgery, 2nd edn.
Philadelphia, PA: Saunders; 1999: 678–696.

Table 23.2 Corticosteroid suspensions for intra-articular use in horses



Injection of some corticosteroids can lead to a non-septic
inflammatory response (‘steroid flare’) characterized by heat,
swelling and pain.91 This inflammatory response can begin as
early as a few hours following injection and may last from a few
hours up to several days. The reaction is believed to be in
response to the microcrystalline suspension of the cortico-
steroid ester, and occurs in approximately 2% of injected
joints.91

Septic arthritis can occur subsequent to any intra-articular
injection secondary to inadvertent contamination of the joint
during arthrocentesis.91 Because corticosteroids suppress the
local immune response in the joint following intra-articular
injection, the environment is conducive for infection to develop.

Inadvertent deposition of long-acting corticosteroids in
periarticular soft tissues can cause idiopathic metaplastic
bone formation.91 This condition does not occur with short-
acting steroids, which suggests a reaction to the vehicle in the
long-acting formulations. The ossification may take several
months to develop and mechanical interference can occur if
the lesions become sufficiently large.

Systemic effects of intra-articularly 
administered corticosteroids

Once intra-articularly administered corticosteroids are
absorbed from the synovial cavity they undergo hepatic bio-
transformation and renal excretion.88 Corticosteroids admin-
istered intra-articularly are absorbed and can have systemic
effects, which has been shown by suppression of the endoge-
nous cortisone levels.89 Serum concentrations of TMA after
injection of 6 mg into three joints of horses peaked 4 hours
post injection and became undetectable by 48 hours post
injection.115 Only extremely small concentrations of
isoflupredone became measurable in serum 24 hours post
injection of 4 mg despite concentrations of both drugs
remaining detectable in the synovial fluid of treated joints for
up to 10 days after injection.94 Neither drug was detected in
the synovial fluid of the contralateral joint despite detectable
quantities in serum. Concentrations of the parent drug or
metabolites of both MPA and isoflupredone were detected in
urine for 24 and 72 hours, respectively. The study demon-
strates the rapid elimination of these two corticosteroid
preparations from the synovial fluid and serum of horses.

Sodium hyaluronate

Mechanism of action

Hyaluronate (HA) is endogenously synthesized by synovio-
cytes and chondrocytes. The viscoelasticity of the synovial
fluid and the boundary lubrication function of the synovial
membrane are directly proportional to the concentration and
polymerization of the hyaluronate synthesized and present
within the joint.116–119 HA incorporated into the extracellu-
lar matrix of articular cartilage forms the nucleus for proteo-

glycan aggregates within the equine joint.120 Exogenous
hyaluronate is thought to supplement the actions of depleted
or depolymerized endogenous hyaluronate and modulate the
increased synthesis of endogenous hyaluronate.121–130 The
half-life of intra-articular HA injected into the normal equine
joint is estimated to be 96 hours.131 The half-life of intra-
articular HA injected into the arthritic joints of sheep
decreased from 20.8 hours to 11.5 hours.132 The short half-
life suggests that a majority of the exogenous hyaluronate is
rapidly cleared from the joint and that a portion remains
within the joint associated with the synovial tissues,
influencing the metabolic activity of these cells.131–133

The anti-inflammatory effects of exogenous hyaluronate
have been demonstrated in numerous in vitro studies. These
effects include inhibition of macrophage and granulocyte
chemotaxis, inhibition of lymphocyte migration, and reduction
of granulocyte and macrophage phagocytosis.132,134–142 HA is
thought to interact with the CD44 cell receptor of neutrophils in
inhibiting neutrophil-mediated degradation and PGE2 produc-
tion; this interaction is concentration and molecular weight
dependent.143 HA has an indirect effect upon articular cartilage
mediated through the HA-binding domain of the proteoglycan
molecule at the chondrocyte cell surface.144 High concentra-
tions of intra-articular HA bind the domain and suppress IL-1�
and TNF-� induced proteoglycan degradation, thus reducing
inflammation and inhibiting cartilage degeneration and early
osteoarthritis.145–148 Although HA has been shown to have no
effect on the healing of intracartilaginous and osteochondral
joint lesions, a study using partially meniscectomized rabbit
stifles demonstrated the ability of high molecular weight HA to
inhibit cartilage degeneration and early osteoarthritis in the
femoral condyle and tibial plateau of the treated joints.145,149

Despite research results, clinical reports and anecdotal success,
the exact mechanisms by which HA exerts its beneficial effect
upon diseased joints remain speculative.

Indications for use

The concentration of synovial fluid HA within normal equine
joints does not differ significantly from the concentrations
measured in joints affected with acute synovitis or acute and
chronic arthritis; however, joints affected by septic arthritis or
with radiographic evidence of osteoarthritis had significantly
lower concentrations than normal controls.150,151 The use of
HA for the treatment of joint disease in the horse was first
reported in 1970.128 Since that time, clinical reports have
supported the use of HA for the treatment of equine joint
disease. However, a majority of the evaluations are subjec-
tive, the criteria for successful treatment are absent, the dura-
tion of post-treatment observation is highly variable and the
specific diagnosis for the condition being treated is
lacking.122,124,126,130,131,136,137,152–155 A recent more objective
report, utilizing a bilateral osteochondral fracture model
created with an arthrotomy, concluded that intra-articular
HA had a protective effect on the articular cartilage and
resulted in reduced lameness. However, both treated and
non-treated limbs returned to preoperative weight-bearing
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values.129,153 In a double-blind study using intra-articular
hylan, an HA derivative, gait analysis found no beneficial effect
in the treatment of acute amphotericin-induced synovitis.154

The most recent investigation evaluated the effect of intra-
venous HA on carpal joints in exercising horses after arthro-
scopic surgery and osteochondral fragmentation. The
investigators concluded that intravenous HA appears to alle-
viate signs of lameness by interacting with synoviocytes, and
by decreasing the production and release of inflammatory
mediators. Treated horses had lower lameness scores,
significantly better synovial membrane histologic scores and
significantly lower concentrations of total protein and PGE2
within the synovial fluid when compared to placebo-treated
horses. No significant effects were noted for glycosaminogly-
can content, synthetic rate or morphologic score in articular
cartilage or other synovial fluid measurements.155

Hyaluronic acid has been shown to improve tendon
healing with naturally occurring tendinitis and was proposed
to have prevented scar formation along the damaged tendon
tissue.156 In an experimental study of collagenase-induced
tendinitis, peritendinous injections of HA improved tendon
healing in areas not associated with a tendon sheath.157

Intrathecal injections of HA improved tendon healing as
measured by ultrasound, increased the HA content of tendon
sheath synovial fluid and reduced the number of adhesions
formed between the tendon and sheath. Histologically, the
HA reduced inflammatory cell infiltrate, improved tendon
structure and minimized intratendinous hemorrhage.158

Another study of collagenase-induced tendinitis examined
the effect of subcutaneous peritendinous HA upon lameness,
ultrasonographic healing, biochemical indices, biomechani-
cal strength and inflammation.159 The study did not reveal
significant benefits of HA treatment outside the synovial
sheath on tendon repair in collagenase-induced tendinitis.159

Effective dose

Early in vitro work demonstrated that HA at a molecular
weight greater than 5 × 102 kDa stimulated the synthesis of
HA in a concentration-dependent manner, and that hyal-
uronate preparations with a molecular weight below 
5 × 102 kDa had little or no effect except at high concentra-
tions when HA synthesis was depressed.160 Therefore in vitro,
the effect of molecular weight has been clearly demonstrated,
but the correlation between molecular weight and clinical
effect remains less clearly defined. A comparative study, uti-
lizing five sodium hyaluronate products for the treatment of
traumatic arthritis, found that horses treated with HA of a
molecular weight greater than 2 × 103 kDa were sound
significantly longer than those treated with HA with a molec-
ular weight less than 2 × 103 kDa.161 A study utilizing 
77 trotters with moderate to severe joint injuries investigated
the comparative effect of HA, polysulfated glycosaminogly-
can and a placebo in a double-blind, randomized design. No
difference was detected between treatment groups with
regard to prevalence or cumulative incidence of soundness;
however, the treatment groups did have reduced lameness

scores and significantly better results than the placebo.162 To
add to the controversy, another blinded study looked at the
clinical effect of HA in the treatment of 69 Thoroughbreds
with carpitis and found no therapeutic response or clinically
significant difference between HA with molecular weights of
0.13 × 103 kDa and 2.88 × 103 kDa.163 The molecular
weight and manufacturers’ dosage recommendations for the
currently available HA formulations are given in Tables 23.3
and 23.4, respectively.

The HA formulations currently available for intravenous
injection are Legend® (Bayer) in the United States and
Hyonate® (Bayer) elsewhere. The manufacturer recommends
that Legend® 40 mg sodium hyaluronate (4 mL) be adminis-
tered i.v. once weekly for a total of three treatments.

Drug interactions

Hyaluronate is frequently combined with corticosteroids for
intra-articular treatment of degenerative joint disease in
horses. Retrospective studies have shown that intra-articular
administration of corticosteroids may suppress effective
microbial killing, reducing the immune status within the
joints of horses and increasing the potential for low numbers
of bacteria to establish an infection within the injected
joint.164–167 A prospective study, utilizing intra-articular HA
in carpal joints inoculated with Staphylococcus aureus,
showed no difference in the development of sepsis between
HA-injected joints and controls.168 Therefore, the potential
for septic arthritis and the incidence of ‘synovial flare’ 
may be increased for combination drug therapy utilizing
corticosteroids.169

Toxicity

No contraindications to HA use are noted on the label and
acute toxicological studies performed in horses demonstrate
no evidence for systemic toxicity secondary to acute and
chronic overdose.170 Intra-articular and intravenous HA at
one, three and five times the recommended dose were admin-
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Trade Manufacturer Average molecular 
name weight in daltons (Da)

Hyalovet Fort Dodge 4.0–7.0 × 105

Hyvisc Boehringer Ingelheim 2.1 × 106

Synacid Shering-Plough 0.15–0.20 × 106

Hylartin V Pharmacia & Upjohn 3.5 × 106

HY-50 Bexco Pharma Not available

Equron Solvay Animal Health 1.5–2.0 × 106

Equiflex Chesapeake Biological 1 × 106

Legend Bayer Corporation 3 × 105

Table 23.3 The average molecular weight of currently available
sodium hyaluronate formulations for intra-articular use



istered at weekly intervals for a total of 9 weeks. Clinical,
hematologic and clinical chemistry parameters remained
unchanged. Transient slight to mild postinjection swelling of
the joint capsule occurred in horses treated with HA, as well
as with the saline control. Neither gross nor histological
lesions were noted in either the soft tissues or the articular
cartilage of the treated and control joints.170 The safety of
using HA in breeding animals has not been established and
manufacturers caution against its use in these animals.171

Polysulfated 
glycosaminoglycans

Mechanism of action

Polysulfated glycosaminoglycans (PSGAGs) are highly sul-
fated polysaccharides derived from the extract of bovine lung
and trachea. The principal glycosaminoglycan present in
PSGAGs is chondroitin sulfate. PSGAGs are known to inhibit

many of the enzymes associated with osteoarthritis and con-
nective tissue degradation. In vitro studies have shown that
PSGAGs are capable of inhibiting lysosomal elastase, cathep-
sins G and B, lysosomal hydrolases, keratin sulfate glycoan-
hydrolase, serine proteases, neutral metalloproteinase (e.g.,
proteoglycanase, stromelysin, gelatinase and collagenase), �-
glucuronidase, �-glucosidase, �-N-acetylglucosaminidase
and hyaluronidase.132,172–175 In addition, PSGAGs have been
reported to inhibit prostaglandin E synthesis, influx of leuko-
cytes into inflammatory sites and the production of superox-
ide radicals and interleukin-1 and to have a dose-related
effect on fibroblast and tenocyte metabolism resulting in
increased production of collagen, non-collagen proteins and
sulfated glycosaminoglycans.132,176

PSGAG has been shown to have a greater affinity for
proteoglycans and non-collagenous proteins than for col-
lagen.173 Fibronectin, which is increased in osteoarthritic
cartilage, forms complexes with collagen, which are then
stabilized by PSGAG.173 PSGAGs exert their chondro-
protective effect by reducing proteoglycan breakdown, stimu-
lating HA synthesis and enhancing the production of
glycosaminoglycan, proteoglycan (glucosamine) and colla-
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Trade name Concentration Packaging Recommended dose

Hyalovet 10 mg/mL 2 mL syringe 20 mg hyaluronate sodium (2 mL) should be administered aseptically in small
or medium-sized joints not more than twice weekly for a period not to
exceed 4 weeks.

Hyvisc 10 mg/mL 2 mL syringe 22 mg hyaluronate sodium (2 mL) should be administered aseptically in small
and medium-sized joints and a double dose or 44 mg hyaluronate sodium
(4 mL) once weekly for a total of three treatments.

Synacid 10 mg/mL 5 mL vial 50 mg of hyaluronate sodium (5 mL) should be given intra-articularly in carpal
and fetlock joints. Synacid should be injected under strict aseptic conditions
and effusion should be removed prior to injection.

Hylartin V 10 mg/mL 2 mL syringe 20 mg sodium hyaluronate (2 mL) should be administered aseptically in small
and medium-sized joints and a double dose or 40 mg hyaluronate sodium
(4 mL) once weekly for a total of three treatments.

HY-50 17 mg/mL 3 mL syringe Not available.

Equron 5 mg/mL 2 mL syringe The dose of Equron in small and medium-sized joints (fetlock, carpal) is 2 mL
(10 mg) administered intra-articularly. In larger joints (hock), the dose is 4 mL
(20 mg). Depending on the clinical response and medical judgment of the
veterinarian, the treatment may be repeated weekly for a total of four
treatments.

Strict aseptic measures should be taken to prepare the site for injection and
during the intra-articular administration of Equron. Care should be used while
injecting to avoid scratching the cartilage surfaces. Such trauma can result in
diffuse, transient swelling lasting 24–48 hours, but will have no detrimental
effect on the ultimate clinical response. For best results, the horse should be
given 2 days of stall rest before gradually resuming normal physical activity.

Equiflex 5 mg/mL 5 mL vial Not available.
Legend 10 mg/mL 2 mL vial 20 mg sodium hyaluronate (2 mL) should be administered aseptically in small

and medium-sized joints once weekly for a total of three treatments.
Note: Sterile preparation of the injection site accompanied by the use of a single-dose preparation with the addition of a water-soluble antibiotic is standard
practice.

Table 23.4 Manufacturers’ recommendations for intra-articular use of sodium hyaluronate in horses



gen (proline).176–179 In vitro studies on equine cartilage indi-
cate that PSGAG increases collagen and glycosaminoglycan
synthesis, and inhibits glycosaminoglycan and collagen
degeneration in normal and osteoarthritic articular cartilage
explants and cell cultures.180 However, in vitro work using
smaller PSGAG dosages found a dose-dependent inhibition of
proteoglycan synthesis, minimal effect on proteoglycan
degradation, no effect on proteoglycan monomer size and no
change in monomer aggregation.181,182 Thus the exact mech-
anism by which PSGAG exerts its effect remains unclear.

Indications for use

PSGAG is believed to have chondroprotective properties,
which make its use preferable when cartilage damage is
present in addition to acute synovitis. PSGAGs have been
classified as disease-modifying osteoarthritis drugs in that
therapy is meant to prevent, retard or reverse the morpho-
logic cartilaginous lesions associated with osteoarthritis.183

In vivo work utilizing chemically and physically induced
models of intercarpal joint osteoarthritis of horses demon-
strated less articular fibrillation and erosion, less chondrocyte
death, markedly improved safarin-O staining, but no 
change in the partial- or full-thickness articular cartilage
lesions.184,185 Investigators concluded, first, that intra-
articular PSGAG (250 mg every 7 days for five treatments)
could markedly decrease the development of osteoarthritis,
but was of no benefit in healing cartilage lesions present at
the time of initial therapy, and second, that intramuscular
PSGAG (500 mg every 4 days for seven treatments) had an
insignificant effect upon physical cartilage defects and only a
limited effect upon chemically induced osteoarthritis as evi-
denced by a slight degree of improvement in safarin-O stain-
ing.184,185 Another study investigated the effect of PSGAG,
with or without exercise, on the repair of articular cartilage
defects and on the development of osteoarthritis in the carpi
of ponies. Investigators concluded that PSGAG was effective
in ameliorating clinical, radiographic and scintigraphic signs
associated with joint disease, but that repair tissue was more
fibrous in the PSGAG-treated joints and the synovium of the
PSGAG-exercised joints had a greater degree of cellular
infiltration.186,187

Negative charges conferred by sulfate groups cause
PSGAG to bind to connective tissues.172,173,175 In rabbits,
radioactively labeled PSGAG is distributed to knee joint artic-
ular cartilage, patellar cartilage, meniscus and intervertebral
disk tissue following intramuscular administration.172–175

The widespread distribution of PSGAG to connective tissue
has proven useful in the treatment of tendinitis. In rabbits
with collagenase-induced tendinitis, treatment with PSGAG
resulted in diminished loss of tendon mechanical properties,
an increased number of large-diameter collagen fibrils,
improved organization of repair tissue at the cellular level
and suppression of inflammation.188 In horses with collage-
nase-induced tendinitis, those treated with PSGAG had
earlier sonographic development of echogenic patterns, a
more rapid decrease in core defect size and less severe 

lameness, compared with a control group of untreated
horses.189

Effective dose

The PSGAGs are most commonly administered by the intra-
muscular route. Previous work investigating the distribution
of radiolabeled PSGAG after intramuscular administration
found PSGAG concentrations within the synovial fluid and
joint tissues of the carpus consistent with other non-equine
studies. No significant difference was found between carpi
containing osteochondral fragments and the control joints,
suggesting that distribution is not influenced by inflamma-
tory changes. Investigators concluded that intramuscular
therapy (500 mg every 4 days) was effective in maintaining
anti-inflammatory levels in the joints.172 Another study,
using intramuscular radiolabeled PSGAG in rabbits, demon-
strated PSGAG within the superficial digital flexor tendon at
concentrations shown to inhibit inflammatory mediators in
vitro.190 Investigators used the label dose for the horse, and
concluded that PSGAG may be useful in the treatment of
acute tendinitis.190

The PSGAG formulations currently available for intra-
articular and intramuscular use are Adequan I.A.® (Luitpold)
and Adequan I.M.® (Luitpold), respectively. Manufacturers
recommend that Adequan I.A.® (250 mg, 1 mL) be injected
aseptically into the affected joint once a week for 5 weeks and
that Adequan I.M.® (500 mg, 5 mL) be injected aseptically
into the muscles of the neck every 4 days for 28 days or seven
treatments. The initial treatment with Adequan I.M.® at man-
ufacturer’s recommended dose and frequency is often fol-
lowed with one intramuscular dose every 30 days while the
horse is in training. Sterile preparation of the injection site
accompanied by the use of a single-dose preparation with the
addition of 125 mg of amikacin sulfate (Amiglyde-V®, Fort
Dodge) is standard practice for intra-articular administration
of Adequan I.A.®.191

Drug interaction

PSGAG is frequently combined with corticosteroids for intra-
articular treatment of degenerative joint disease in horses.
Retrospective studies have shown that intra-articular admin-
istration of corticosteroids may suppress effective microbial
killing, reducing the immune status within the joints of
horses and increasing the potential for low numbers of bac-
teria to establish an infection within the injected joint.164–167

A prospective study, utilizing intra-articular PSGAG in carpal
joints inoculated with Staphylococcus aureus, demonstrated
significant increase in the potential for sepsis between
PSGAG-injected joints and controls.168 Previous in vitro work
has shown PSGAG-mediated inhibition of the equine comple-
ment activity. Inhibition of the complement cascade within
the joint may increase the potential for subinfective doses of
bacteria to colonize the synovium, resulting in sepsis.192

Therefore, the potential for septic arthritis and the incidence
of ‘synovial flare’ may be increased with the use of
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intra-articular PSGAG alone or in combination with 
corticosteroids.193

There is some concern regarding the potential anticoagu-
lant effect of PSGAG. PSGAG is classified as a heparin analog
and has been known to cause local hematomas and heparin-
associated thrombocytopenia in humans.194 Although it has
been suggested that PSGAG not be used in conjunction with
other NSAIDs or other anticoagulants, there have been no
reports of hemarthrosis, thrombocytopenia or coagu-
lopathies in horses despite its widespread use both alone and
in combination with NSAID administration.195

Toxicity

Toxicology studies were conducted in horses: doses as high as
1250 mg were administered intracarpally to six horses once
a week for 18 weeks. This dosage is five times the recom-
mended dosage and 3.6 times the recommended therapeutic
regimen. Clinical observations revealed mild, self-limiting
swelling and soreness at the injection site in 1.8% of the
horses. Dose-related increases in partial thromboplastin time,
creatinine and glucose were noted. Toxicological doses as
high as 2500 mg were administered intramuscularly to six
horses twice a week for 12 weeks. This dosage is five times the
recommended dosage and three times the recommended
therapeutic regimen. None of the animals in this study
showed any adverse effect on clinical, hematologic or clinical
chemistry parameters.193 Studies have not been performed to
establish reproductive safety in horses and manufacturers
caution against its use in breeding animals.

Chondroitin sulfate

Mechanism of action

Chondroitin sulfate (CS) is the predominant glycosaminogly-
can found in adult articular cartilage. CS is similar to poly-
sulfated glycosaminoglycan (PSGAG) in that both contain
repeating chains of galactosamine and glucuronic acid disac-
charide units, but CS contains only one sulfate group per dis-
accharide unit compared with the three or four sulfate
groups per disaccharide unit for PSGAG.196 The presence of
sulfate groups is critical to the pharmacology and pharmaco-
kinetic activity of both PSGAG and CS.196 Chondroitin sulfate
has been classified as a slow-acting, disease-modifying 
agent (SADMA) and as a slow-acting drug in osteo-
arthritis (SADOA).197–199 It has been shown to inhibit
degradative enzymes such as leukocyte elastase and N-
acetylglycosaminidase in vitro. However, it must be noted that
these inhibitory activities refer to intact polymeric CS molecules
and the efficacy of unsulfated monomeric forms and other
degradation products is unknown and untested.200,201

Chondroitin sulfate marketed for use as a dietary supple-
ment in horses is usually in combination with glucosamine
with or without added vitamins and minerals. The bio-

availability of oral CS remains speculative and scientific liter-
ature provides conflicting results. Absorption of radiolabeled
CS has been reported for man, dogs and rats; however, less
than 15% of the molecules were absorbed as high molecular
weight fractions. Investigators concluded that a majority of
the CS was absorbed only after degradation to smaller molec-
ular weight products and the loss of the sulfate group.202–205

The absence of absorption of oral CS has been reported for
several studies in humans and rabbits in which a dimethylene
blue assay was unable to detect the presence of smaller
sulfated glycosaminoglycan molecules.205,206

Large intestinal bacteria utilize CS directly as an energy
source while bacterial sulfatases remove the active sulfate
groups from the disaccharide units, thus allowing radio-active
inorganic sulfate to be present in the body after oral administra-
tion of 35SO4-labeled CS.207 This has led some researchers to
conclude that CS is not absorbed following oral administration,
but rather a low molecular weight desulfated degradation
product of the disaccharide polymer is absorbed instead.
However, absorption of CS and dermatan sulfate from the gas-
trointestinal tract has been reported in humans. Treated
patients had reduced N-acetylglycosaminidase and granulocyte
activity, as well as an increase in HA concentrations.203 Skeptics
would conclude that the existence of a polymer chain and the
presence of sulfate groups are necessary for the biologic activity
of CS; therefore any positive clinical response to oral admin-
istration of CS is secondary to the biologic activity of its 
low molecular weight degradation products or from the activ-
ity of other substances present in the supplement, such as
glucosamine.208

Indications for use

Several studies report positive responses to oral CS therapy for
the management of osteoarthritis in the human knee.209–214

One human study utilizing oral treatment with Perna canaliculus
extract for a period of 6 months reported that 19 of the 28
rheumatoid and 15 of the 38 osteoarthritis patients felt that
they benefited from the oral therapy.213 Positive results associ-
ated with oral CS therapy have been reported for a rabbit model
of osteoarthritis, as well as for a chemically induced canine syn-
ovitis model. Dogs with chemically induced synovitis pretreated
with CS combined with glucosamine had reduced soft tissue and
bone-phase scintigraphic activity as well as reduced lameness
scores. However, treatment after the induction of synovitis
(without pretreatment) showed no beneficial effects.215

Effective dose

A plethora of choices exists regarding oral supplement for the
treatment and prevention of joint disease in the horse. Each
brand contains varying concentrations of CS with or without
glucosamine as key ingredients. These ingredients are then
combined with a variety of vitamins, minerals and frequently
a ‘secret’ compound. The supplements are usually recom-
mended as daily top dressing for feed and manufacturers
provide a measuring device specific to their product. Because
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these products are classified as dietary supplements and neu-
traceuticals, the efficacy, safety and quality assurance pro-
grams put forth by the United States Food and Drug
Administration do not apply.

Recommendations regarding effective dose, long-term toxic-
ity, drug interaction and teratogenicity are anecdotal or based
on manufacturers’ claims.200,203,205,216–218 One product,
Cosequin®, has been clinically and scientifically evaluated. One
trial consisted of 25 clinical cases of horses with joint pain
treated with oral Cosequin® for a period of 6 weeks.219 In this
study, lameness, response to flexion and stride length improved
with Cosequin therapy but there were no controls. In another
study utilizing the Freund’s complete adjuvant model of
inflammatory joint disease, 12 horses were treated with oral
Cosequin® for a total of 36 days.220 Therapy began 10 days prior
to induction of arthritis and continued for 26 days afterward.
No benefit was observed for lameness, stride length, carpal cir-
cumference or response to carpal flexion and synovial fluid
protein concentration did not improve.220 Due to the wide-
spread use and popularity of these products, controlled studies
and scientific validation are needed to address the controversy
regarding enteral absorption, pharmacokinetics, toxicity, drug
interaction and clinical efficacy.

Glucosamine

Mechanism of action

Chondrocytes manufacture glucosamine from glucose as a
precursor for the glycosaminoglycan units found within
articular cartilage.221,222 Glucosamine has been classified as
a slow-acting, disease-modifying agent, a slow-acting drug in
osteoarthritis and as a chondroprotective. When available,
glucosamine becomes the preferred substrate over glucose for
chondrocyte synthesis of glycosaminoglycans.

Glucosamine is a small, water-soluble molecule that is
absorbed from the small intestine and across biological barri-
ers in the body.223,224 It undergoes gastric dissociation to yield
non-ionized glucosamine.223,224 Glucosamine hydrochloride
yields greater quantities of the active non-ionized form of
glucosamine than glucosamine sulfate. It is the non-ionized
form of glucosamine that directly determines the bio-
availability of the glucosamine compounds.223,224 Labeling
with [14C] in rats and the use of specific ion exchange
chromatography in dogs and humans have demonstrated
almost complete bio-availability with only 5% fecal loss.223

In vitro work has shown a dose-dependent increase in the
synthesis of hyaluronic acid, glycosaminoglycan and proteo-
glycan in response to exogenous glucosamine.222,224 Exo-
genous glucosamine inhibits superoxide radical generation,
lysosomal enzyme production, nitric oxide production, pro-
teoglycan loss, gelatinase activity and collagenase activity in
equine cartilage explants exposed to lipopolysaccharide and
recombinant interleukin-1β.225,226 The anti-inflammatory
activity of glucosamine is achieved through a prostaglandin-

independent mechanism, which is thought to contribute to
cartilage preservation as well as provide protection against
metabolic impairment induced by NSAIDs.223,227,228

In vivo studies have demonstrated uniform incorporation
of [14C]-labeled glucosamine into newly synthesized proteo-
glycans located within articular cartilage.229,230 The anti-
inflammatory effect of glucosamine does not influence or
interfere with PG synthesis in rat and dog models and has
been shown to improve experimentally induced morphologi-
cal damage to articular cartilage.229–231 In rats, glucosamine
counteracts metabolic and morphologic chondrocyte
damage produced by intra-articular dexamethasone.232 A
study using human subjects affected with osteoarthritis
looked at cartilage biopsies taken before and after 4 weeks of
treatment with either oral glucosamine sulfate or placebo.
Glucosamine therapy correlated with reduced use of joint
pain analgesics and improved joint function. Electron
microscopy performed on biopsy samples taken before treat-
ment confirmed the presence of chronic osteoarthritis.
Electron microscopy performed on biopsy samples taken after
4 weeks of treatment demonstrated evidence for an increase
in cartilage matrix production and a mild decrease in
inflammatory activity, giving the affected cartilage an
appearance more similar to healthy cartilage.218,232

Indications for use

Oral supplements, such as glucosamine, were initially developed
as an alternative to the practical and financial limitations asso-
ciated with intra-articular and intramuscular HA and PSGAG.
Oral glucosamine administration has been associated with
decreased pain and an increased range of motion when com-
pared with placebo in a well-controlled clinical trial in people
with osteoarthritis of the knee.218 Oral glucosamine has been
shown to alleviate the symptoms of chronic arthritis with daily
dosing over a 6–8-week period.233 The first of two double-blind
studies comparing ibuprofen to oral glucosamine in humans
with unilateral osteoarthritis of the knee showed a faster reduc-
tion in pain and swelling for ibuprofen during the first 2 weeks,
but the difference was found to favor glucosamine at week 8 of
therapy.234 The second study reported a similar difference in
response at 2 weeks, but from 3 weeks onwards there was no
significant difference in response between ibuprofen and glu-
cosamine, with the exception of a significantly lower incidence
of adverse side effects for glucosamine than ibuprofen.217

Glucosamine proved superior to PBZ in the management of
back pain and to a placebo in the treatment of spinal
osteoarthritis.235,236 Researchers investigating combination
therapy in humans concluded that the use of oral glucosamine
significantly decreased the effective dose of NSAIDs needed to
control chronic pain.237

Effective dose

Two forms of glucosamine are available for oral administra-
tion: glucosamine hydrochloride and glucosamine sulfate.
Both disassociate within the stomach, but the hydrochloride
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salt yields a greater amount of the active, non-ionized glu-
cosamine, which has direct bio-availability. The oral products
currently available for horses are numerous and seem to be
increasing on a monthly basis. Unfortunately, there is a
dearth of clinical and scientific studies in horses. Information
regarding efficacy and dosage for oral glucosamine is anec-
dotal or based on manufacturers’ claims. Given the consis-
tency demonstrated for absorption, distribution and
elimination studies in humans, rats and dogs, the assumption
is that a similar effective dose rate of at least 10 g per day is
necessary to treat a 500 kg horse.208

Toxicity

Oral glucosamine is a neutraceutical and as such is not regu-
lated by the United States Food and Drug Administration for
purity, efficacy or safety. As a result, safety trials have not
been performed prior to these products being released onto
the market. To date, investigations into long-term use,
placebo controlled, and retrospective evaluation of combina-
tion therapy with other medicaments have failed to demon-
strate toxicity or adverse effects different from placebo
controls associated with the use of oral glucosamine in
man.223,224,236,238,239

Dimethyl sulfoxide

Mechanism of action

Dimethyl sulfoxide (DMSO), a byproduct of the lumber indus-
try, was originally used as an industrial solvent. DMSO was
first employed as a therapeutic agent in the treatment of
interstitial cystitis and arthritis during the early 1960s.240

Since that time, it has been widely used within the equine
industry either alone or mixed with corticosteroids to reduce
soft tissue swelling, inflammation and edema secondary to
acute trauma.241,242

The pharmacologic effects of DMSO and its metabolite,
dimethyl sulfide, are diverse. DMSO has been shown to
possess superoxide dismutase activity. As a result, it can inac-
tivate superoxide radicals, inhibit hydroxyl radical-mediated
depolymerization of hyaluronan and suppress PG synthesis
by oxygen-derived free radicals.240,242–245 DMSO is believed to
possess analgesic properties secondary to the inhibition of
prostaglandins E2, F2�, H2 and G2. The analgesic effect of
DMSO has been compared to that produced by narcotic anal-
gesics and been found to be efficacious for both acute and
chronic musculoskeletal pain.246

In addition to its anti-inflammatory effects, DMSO pos-
sesses the ability to rapidly and easily penetrate the skin. It
serves as a carrier to enhance the penetration of various
agents through the skin into underlying synovial, connective
and interstitial tissues.242,246,247 DMSO has been shown to
enhance the penetration of percutaneous steroids three-fold

and the ability of cortisone to locally stabilize lysosomes 100-
fold.242 In addition, DMSO increases the local antiarthritic
effect of hydrocortisone 10-fold when used as a carrier.248

DMSO has an antiarthritic effect independent of its ability
to promote corticosteroid absorption.249 Topical application
of the gel formulation of DMSO decreased the mean synovial
white blood cell concentrations in an equine synovitis
model.250 DMSO has been shown to help resolve tissue
inflammation through increased blood flow and promotion of
vascular dilation.242 It causes collagen dissolution, which
may help to restore pliability to fibrosed tissues.242 Topical
application of DMSO solution, in rabbits, reduced ankle stiff-
ness in a fracture model of arthritis.251 Both the anti-
inflammatory and antiarthritic effects of DMSO appear to be
more effective when used to treat acute versus chronic
inflammatory conditions.246

Both DMSO and dimethyl sulfide are extensively and
rapidly distributed to all areas of the body after oral, intra-
venous and topical administration.246 The half-life of the
parent compound and its metabolite is 9 hours.246 DMSO is
primary excreted through the kidney, but secondary elimina-
tion through the respiratory tract and bile does occur.246

Indications for use

DMSO has been used intra-articularly for its anti-inflamma-
tory and free radical scavenging properties in the manage-
ment of equine inflammatory joint disease.245,247,252–254

Several equine studies reporting the use of DMSO in intra-
articular lavage solutions have shown a decrease in total syn-
ovial leukocyte counts and a decrease in synovial
inflammatory response in DMSO-treated joints without evi-
dence of gross, histological or histochemical cartilage degra-
dation.255–257 Juvenile bovine articular cartilage explants
repeatedly exposed to a 10% DMSO solution showed a
significant time-dependent decrease in the rate of proteogly-
can synthesis after 3 or more hours of exposure. Histo-
logically, chondrocyte viability and cartilage matrix water
content were decreased.258 A recent study, evaluating the
effect of DMSO on equine articular cartilage metabolism in
an explant culture environment, examined proteoglycan
synthesis and degradation, lactate metabolism (general indi-
cator of cellular metabolism) and chondrocyte viability after
exposure to various concentrations of DMSO for predeter-
mined time intervals.259 Proteoglycan and lactate metabo-
lism were inhibited in a dose- and time-dependent manner
after exposure to DMSO concentrations in excess of 5%.
Proteoglycan release and chondrocyte viability were not
affected, and the changes in proteoglycan synthesis and
lactate metabolism returned to baseline after the exposure
period. Investigators concluded that DMSO concentrations in
excess of 5% suppress equine articular cartilage matrix
metabolism by direct inhibition of chondrocyte metabolism
without a decrease in chondrocyte number. Thus DMSO
induces a state of metabolic dormancy in the chondrocytes
but these effects are reversible and chrondrocyte viability is
not affected.259
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Effective dose

Domoso® (Fort Dodge) is commercially available as a 90%
DMSO veterinary gel for topical use. Manufacturer recom-
mendations are for liberal application to skin over affected
area 2–3 times per day. The total daily dosage is not to exceed
100 g and the duration of therapy is not to exceed 30 days.
Domoso® is also available as a 90% veterinary solution. The
recommended dose for the solution is 0.25–1.0 g/kg diluted
in saline or 5% dextrose solution at a concentration of not
more than 10%. The 10% solution is to be given at a slow rate
once daily for 3 days. The solution can be administered orally
through a nasogastric tube at a dose of 1.0 g/kg diluted in 1
liter of water.

Current treatment protocol for equine septic arthritis
includes joint lavage with lactated Ringer’s solution containing
5% to 40% DMSO. Lavage solutions containing DMSO concen-
trations in excess of 5% have been shown to have detrimental
effects upon articular cartilage matrix metabolism. Until further
investigation and pharmacokinetic studies can be performed,
the concentration of DMSO contained within intra-articular
lavage solutions should not exceed 5%.259

The manufacturer cautions against the use of non-
medical grade DMSO products, which may contain harmful
impurities secondary to the distillation process.246 Washing
of the hands and wearing protective rubber gloves before
handling DMSO is strongly recommended in order to 
avoid transcutaneous penetration of potentially harmful
substances.

Drug interactions

DMSO possesses anticholinesterase activity and therefore
should not be combined or used in conjunction with
organophosphates or other cholinesterase inhibitors.170,246

Death secondary to mercury intoxication has been reported
when DMSO was mixed with mercury salts (red blister) and
applied topically to the legs of a horse.246 Caution should be
exercised when mixing DMSO with any drug due to enhanced
percutaneous absorption and the potential for toxicosis.
DMSO potentiates effects of heparin, insulin, corticosteroids
and atropine both topically and systemically.170,246

Toxicity

When used at the label dose, DMSO is safe. Local effects such
as dermal irritation, exfoliation, erythema and vesiculation
are common even at recommended dosages and are exacer-
bated by the use of sweat wraps, blistering agents, heavy
bandages and occlusive dressings. These effects are transient
and resolve when therapy is discontinued. When in contact
with room air, DMSO will self-dilute to a concentration of
66–67%, causing an unpleasant garlic smell and taste to
which some individuals are highly sensitive.170,246

Hemolysis and secondary hemoglobinuria have been
reported to occur in horses following rapid intravenous

administration of concentrations in excess of 20%. This effect
can be prevented by slowing the administration rate and
diluting the DMSO with isotonic fluids to a concentration 
≤ 10% or by administering the product orally via a nasogastric
tube.246 DMSO is known to be teratogenic and hepatotoxic in
laboratory animal species, including rats and rabbits, and has
been shown to cause intravascular erythrocyte hemolysis
and nephritis.260 DMSO should therefore be used with
caution in pregnant mares and individuals suffering from
dehydration and renal or liver disease.193,246

Pentosan polysulfate

Mechanism of action

Pentosan polysulfate (PPS) is derived from beechwood hemi-
cellulose and is similar to PSGAG in that it is highly sulfated.
PPS does not possess analgesic activity, but rather works
through modification and correction of pathological imbal-
ances associated with osteoarthritis to provide symptomatic
relief.261 Tritiated PPS has been shown to preferentially dis-
tribute to the urinary tract after i.v. administration, the large
intestine, liver and urinary tract after oral administration and
to the articular cartilage and meniscal fibrocartilage after
intra-articular administration in rats and rabbits.262–264

Human studies, using intra-articular administration of triti-
ated PPS, demonstrated the formation of complexes with the
protein components of articular cartilage while similar rat
studies showed localization to cartilage and binding with syn-
oviocytes.264,265 A new calcium derivative of pentosan poly-
sulfate (CAPPS) has been developed that is absorbed more
effectively after oral administration than the sodium salt of
pentosan polysulfate (NAPPS).266

Pentosan polysulfate is a potent inhibitor of human gran-
ulocyte elastase, testicular and arterial hyaluronidase, lyso-
somal chondroitin-4-sulfatase, N-acetylglucosaminidase,
cathepsin B1 and cathepain G.261,264,267–272 PPS was able to
stimulate the synthesis of proteoglycans by bovine chondro-
cytes cultured in the presence and absence of interleukin-
1.273 PPS in a concentration range of 0.1–1.0 �g/mL was
able to stimulate the production of HA by cultured syno-
viocytes obtained from rheumatoid and osteoarthritic 
joints with maximum stimulation occurring at concen-
trations of 0.25 �g/ml.274,275 PPS at concentrations of
0.1–10.0 �g/mL was shown to consistently stimulate pro-
teoglycan synthesis in an in vitro lapine chondrocyte injury
model. Synthesis increased to 25% above control level
occurred at 1.0 �g/mL after 2–4 days in culture. This
concentration is similar to the concentration achieved in
articular cartilage after intramuscular injection of the
recommended therapeutic dose; therefore, the in vitro effect
could be achieved in vivo.197,275,276

An experimental model for joint disease in rabbits demon-
strated the ability of oral CAPPS to maintain a ratio of aggre-
can to dermatan sulfate similar to normal articular
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cartilage.277 A rabbit atrophy model for arthritis showed that
PPS given intramuscularly at 10 mg/kg every other day pre-
vented proteoglycan depletion from articular cartilage.278 An
anterior cruciate transection model and a joint atrophy
model for canine osteoarthritis demonstrated significant
reductions in active stromelysin levels concomitant with
increased levels of tissue inhibitor metalloproteinase in the
articular cartilage of treated dogs associated with intramus-
cular PPS given at 2 mg/kg once weekly.279,280 A sodium
iodoacetate-induced model of arthritis reported amelioration
of radiographic and histologic indexes of joint degeneration
for chickens treated with 1–5 �g of PPS.261

Indications for use

Pentosan polysulfate has been found to abrogate the deleteri-
ous effects of chronic administration of hydrocortisone when
injected simultaneously into the knee joints of rabbits.281 An
owner- and clinician-blinded study of 40 dogs with
osteoarthritis found significant improvement in stiffness,
mobility and pain on joint manipulation for dogs treated
weekly with intramuscular NAPPS at 3 mg/kg for 4 weeks.
The overall responses were measured with a validated scoring
system and the effects were evident for a period up to 4 weeks
after the first treatment. Placebo-treated dogs did not improve
and dogs treated with NAPPS doses of 1 mg/kg or 5 mg/kg
did not show any significant effect.281 NAPPS was evaluated
in a randomized prospective study to determine its applicabil-
ity in the treatment of fragmented coronoid process and
osteochondritis dessicans of the elbow compared with con-
ventional surgical management of these disorders in dogs.
Dogs treated with intramuscular NAPPS at 3 mg/kg had
more rapid improvement of limb function relative to surgi-
cally treated dogs as determined by force plate analysis. At 9
months, no detectable difference between NAPPS-treated and
surgically treated dogs was detected. Investigators concluded
that NAPPS injections are a valid alternative to surgery for
the management of fragmented coronoid process and osteo-
chondritis dessicans in dogs.282

Effective dose

An open clinical trial in human osteoarthritis patients
described improved symptoms of pain, increased function
and reduction in the consumption of NSAIDs for up to 12
weeks after intramuscular administration of CAPPS at
2 mg/kg.283 A double-blind placebo-controlled study of
humans with hip or knee osteoarthritis reported that NAPPS
administered intramuscularly at 3 mg/kg every 7 days for
four consecutive treatments was associated with significantly
improved measurements for rest pain, walk pain, early
morning stiffness and improved lifestyle scores for up to 3
months when compared with placebo-treated patients.175

Although there are no published equine studies describing
the application of PPS for the treatment of joint disease in the
horse, the dosage regimen used corresponds to that recom-
mended for the dog and for humans, i.e. 2–3 mg/kg intra-

muscularly every 7 days for four treatments, repeated every 3
months as required. Note: this product is not available in
North America.

Atropine sulfate

There is anecdotal evidence for the use of atropine in synovial
structures of the horse. Atropine is believed to decrease syn-
ovial secretions and thus alleviate the gross clinical signs of
clinical conditions, such as bog spavin and idiopathic tenosyn-
ovitis. Intra-articular and intrasynovial use of atropine alone
and in combination with steroids or HA has been reported with
the atropine dosages ranging from 4 mg to 20 mg. The
primary indication is distension of synovial structures refrac-
tory to drainage and intra-articular treatment with either HA
or steroids. There are no anecdotal accounts regarding the use
of atropine in osteoarthritis or septic arthritis and there are no
clinical or scientific studies to support the use of atropine in the
synovial structures of the horse.
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Head shaking is also common in performance horses and,
in many cases, is neurogenic in origin. Head shaking was pre-
viously attributed to behavior and training, but is now recog-
nized to result from numerous medical conditions. The most
common cause of head shaking is trigeminal neuritis, which
produces neuropathic pain upon exposure to natural sun-
light. Head shaking is often performance limiting and can be
career ending for individual horses.

Neurologic examination

● Neurologic examination should be performed in a system-
atic manner to avoid overlooking subtle abnormalities.

● Gait abnormalities are accentuated by manipulation such
as inclines, circling and blindfolding.

● The goal of the neurologic examination is to deter-
mine grading of deficits, symmetry and neuroanatomic 
localization.

● Cranial nerve examination is normal with the majority of
diseases producing spinal ataxia.

Gait evaluation

Neurologic gait deficits are graded on a scale of 0–5: grade 0
– normal, grade 1 – mild deficits detected by trained eye;
grade 2 – deficits detected by most observers; grade 3 – promi-
nent deficits detected by all observers; grade 4 – marked
deficits (may fall during examination); grade 5 – recumbent.1

Evaluation of gait for neurologic deficits is performed pre-
dominantly at the walk. Circling, head elevation and manip-
ulation over obstacles accentuate neurologic gait
abnormalities. Circles should begin large and slowly decrease
in diameter until the horse is moving forward in a tight circle
around the examiner. Symmetry and severity of weakness,
ataxia and spasticity are evaluated during manipulation.
Strength is assessed by the sway test, tail pull and manipula-
tion on an inclined plane. Weakness is manifested by toe

Introduction

Performance horses often present for evaluation of neuro-
logic gait deficits. Many owners interpret the abnormal gait
as lameness, wherein the source of the gait abnormality is
actually neurologic dysfunction. In some cases, neurologic
gait deficits will be immediately obvious to the examining vet-
erinarian and the owner learns to recognize the signs of
spinal ataxia during the neurologic examination. In other
cases, the source of the gait abnormality is obscure and may
require extensive evaluation by an experienced clinician. Gait
evaluation of horses with spinal ataxia may be confounded
by an existing lameness that has been exacerbated by weak-
ness or traumatic injury. A few neurologic diseases will
present as a single limb lameness that fails to respond to
regional anesthesia (i.e. equine protozoal myelitis). Sys-
tematic physical and neurologic examination will clarify a
difficult gait analysis and determine whether the primary
source of abnormal gait is lameness or neurologic dysfunc-
tion. Physical examination will identify concurrent problems
related to neurologic disease such as traumatic injury to the
musculoskeletal system, developmental orthopedic disease,
focal muscle atrophy or multisystemic disease. Neurologic
examination provides neuroanatomic lesion localization and
allows the clinician to develop a list of differential diagnoses.

Neurologic causes of gait
abnormalities in athletic horses
Bonnie R. Rush
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dragging, muscle fasciculations, dipping of the trunk during
weight bearing and inability to resist tail pull. Horses with
ataxia will demonstrate delayed responses to proprioceptive
positioning, stumbling, knuckling, circumduction (excessive
flexion and abduction of the outside hindlimb during pro-
traction), posting (pivoting on the inside hindlimb) and
truncal sway. Spasticity (hypermetria) is characterized by
excessive anterior phase of stride and failure to flex the hocks
and carpi (tin soldier gait).

Observe the horse from the front, rear and side to assess
muscle mass symmetry. Focal sweating or focal muscle mass
loss indicates damage to focal gray matter in the spinal cord.
Spontaneous movement, such as tremors, muscle fasciculations
or myoclonia, indicates lower motor neuron dysfunction or
primary muscle disease. The cervical vertebrae are palpated for
pain and bony abnormalities. Gently pricking or pinching the
neck, trunk and limbs in a caudal to cranial direction is per-
formed to evaluate cutaneous sensation. Decreased cutaneous
sensation will be observed caudal to a focal lesion in the spinal
cord or nerve root. Hyperesthesia manifests as twitching,
tensing of the abdomen, noxious behavior or self-mutilation
and may indicate nerve root pain or neuritis.

Cranial nerve examination

A cranial nerve (CN) examination should be performed on
horses with spinal ataxia to identify brain and brainstem dys-
function. Neurologic disorders that are most likely to result in
cranial nerve abnormalities are equine protozoal myelitis,
traumatic injury, cauda equina syndrome (polyneuritis equi)
and viral encephalitides. Cervical stenotic myelopathy and
equine degenerative myeloencephalopathy will not produce
cranial nerve abnormalities.

The olfactory nerve (CN 1) is evaluated by determining the
horse’s interest in feed. The menace response is performed by
stimulating the horse to blink by visual stimulation with your
hand and assesses the optic nerve (CN 2, afferent) and the
facial nerve (CN 7, efferent). The palpebral response is elicited

by touching the patient’s eyelid to stimulate blinking 
(Fig. 24.1), and this test evaluates the trigeminal nerve (CN 5,
afferent) and the facial nerve (CN 7, efferent). The papillary
light reflex produces bilateral miosis in response to a unilat-
eral light source. The afferent response is induced by the optic
nerve (CN 2), and the efferent response reflects activity of the
oculomotor nerve (CN 3).

The eyes should be examined for evidence of strabismus
(abnormal eye position) and nystagmus (rapid, rhythmic eye
movement). Elevation of the head facilitates detection of stra-
bismus in large animal patients. The oculomotor nerve (CN 3)
controls the majority of extraocular muscles and dysfunction
results in ventrolateral strabismus (in addition to failure of the
papillary light response). Damage to the trochear nerve (CN 4)
or trochlear nucleus paralyzes the dorsal oblique muscle of the
globe, resulting in dorsal deviation of the medial angle of the
iris. The abducens nerve (CN 6) controls the lateral rectus and
retractor bulbi muscles and paralysis results in medial deviation
of the globe and failure to retract the globe. The vestibulo-
cochlear nerve (CN 8) provides upper motor neuron input to the
extraocular muscles via the medial longitudinal fasciculus and
vestibular dysfunction results in ipsilateral, ventrolateral stra-
bismus (Fig. 24.2). The doll’s eye response is performed by
turning the patient’s head in a horizontal plane to elicit physio-
logic nystagmus. Physiologic nystagmus requires normal f
unction of the oculomotor, trochlear, abducens and vestibulo-
cochlear nerves. Pathologic nystagmus is observed in horses
with vestibulocochlear or cerebellar dysfunction without
manipulation of the head. Peripheral vestibular damage (CN 8)
produces horizontal nystagmus with the fast phase away from
the lesion, whereas central damage (vestibular nuclei, cerebel-
lum) produces horizontal, vertical or rotary nystagmus and the
direction of nystagmus may change with head position.

Facial symmetry depends on function of the muscles of
facial expression (facial nerve, CN 7) and the muscles of mas-
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Fig. 24.2
Ventrolateral
strabismus of the
left eye in a horse
with left
vestibular
dysfunction. Note
the elevated head
position to
accentuate
abnormal ocular
position.

Fig. 24.1
Palpebral response elicited by touching the patient’s eyelid to
stimulate blinking (sensation – trigeminal nerve; motor
response – facial nerve).



tication (trigeminal nerve, CN 5). Atrophy of the muscles of
mastication (masseter and temporalis) is often accompanied
by loss of facial sensation (failure to respond to digital pres-
sure on the nasal septum). A dropped jaw is only observed in
horses with bilateral trigeminal nerve damage. Damage to
the facial nerve results in muzzle deviation away from the
affected side, lack of palpebral response, ear droop, decreased
nostril flare and buccal impaction of feed. Corneal ulceration
is common due to inability to blink and decreased tear pro-
duction due to damage to parasympathetic fibers to the
lacrimal gland. Damage to the buccal branches of the facial
nerve (over the masseter muscle) causes paralysis/paresis of
the lips and nostrils only (Fig. 24.3). Tongue tone is con-
trolled by the hypoglossal nerve (CN 12) and the gag reflex
reflects function of the glossopharyngeal (CN 9) and vagus
(CN 10) nerves.

Clinical signs of vestibular dysfunction (CN 8) include
head tilt, nystagmus, falling, circling, reluctance to move and
asymmetric ataxia with preservation of strength.2 Horses
prefer to lie on the side of the lesion and may lean on the wall
towards the affected side when standing. When forced to
move, the horse will take short, inco-ordinated steps in a
circle toward the direction of the lesion. Extensor hypotonia
ipsilateral to the lesion and hyper-reflexia of the extensor
muscles of the contralateral side result in asymmetric ataxia.
Nystagmus usually appears with the onset of other periph-
eral vestibular signs, but may last only 2–3 days due to
central compensation. Other signs of vestibular disease may
improve 2–3 weeks after onset due to visual and central com-
pensation. Blindfolding a horse with compensated disease
will result in ataxia and a head tilt (Romberg test).

Horner’s syndrome results from damage to the sympa-
thetic nerve and produces the classic clinical signs of miosis,
ptosis, third eyelid prolapse and enophthalmos. Horner’s syn-
drome in horses is unique in that they develop transient, ipsi-

lateral sweating of head and neck (Fig. 24.4) and poor airflow
through the ipsilateral nostril, in addition to the four classic
signs.3 The sympathetic nerve originates in the intermediate
gray column from T1 to T3 and travels through the cranial
mediastinum to the vagosympathetic trunk, to the cranial cer-
vical ganglion caudomedial to tympanic bulla and guttural
pouch, and travels with the ophthalmic branch of CN 5 to the
periorbita. The most common sites of damage to the sympa-
thetic nerve in horses are the jugular furrow (vagosympathetic
trunk) and guttural pouch (internal carotid nerve). Lesions of
the cervical intumescence and brachial plexus (avulsion) may
produce Horner’s syndrome in horses.

Differential diagnosis of
spinal ataxia

● Cerebrospinal fluid (CSF) analysis and plain film radio-
graphy are often indicated for preliminary evaluation of
horses with spinal ataxia.

● Cytologic evaluation of CSF obtained from the lum-
bosacral site most accurately reflects pathology of the
spinal cord.

● The reference range for CSF white blood cell count is 
0–6 cells/�L.

● The reference range of CSF total protein is 50–100 mg/dL.

There are numerous differential diagnoses for neurologic gait
abnormalities in athletic horses, but the most common disor-
ders in horses presenting for poor performance are cervical
stenotic myelopathy (CSM), equine protozoal myeloen-
cephalitis (EPM), spinal cord trauma and equine degenerative
myeloencephalopathy (EDM). Plain film radiography, myelog-
raphy and CSF analysis are indicated to evaluate horses with
spinal ataxia. Horses with vertebral injuries usually demon-
strate pain during manipulation of the neck and can be dif-
ferentiated from CSM by plain film radiographic examination.
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Fig. 24.3
Paralysis of the
lips and nostrils
in a horse with
traumatic injury
to the right
buccal branch of
the facial nerve
(over the
masseter
muscle).The
ipsilateral nostril
is collapsed and
the muzzle is
pulled away from
the lesion.The
ear and eye are
not affected by
this peripheral
lesion.

Fig. 24.4
Sweating of the head and neck in a horse with Horner’s
syndrome. Ipsilateral miosis, ptosis, enophthalmos and third
eyelid prolapse are also present.



Abnormalities in CSF are rarely pathognomonic, but often
are suggestive of the pathologic process. It is not unusual for
horses with severe neurologic deficits to have normal CSF
analysis due to the distance of the lesion from the sampling
site, stage of the disease process or presence of non-exfoliative
or extradural lesions.

Cerebrospinal fluid analysis

Cerebrospinal fluid flows in a cranial to caudal direction so
cytologic evaluation of CSF obtained from the lumbosacral
site more accurately reflects a pathologic process in the spinal
cord.4 Collection of CSF from the lumbosacral site is per-
formed in standing, sedated horses and the conus medullaris
can be penetrated without complication. Landmarks are the
point of intersection of the dorsal midline and a line con-
necting the caudal border of the tuber coxae. A slight depres-
sion may be palpated caudal to L6, cranial to S2 and axial to
the tuber sacrale. Upon penetration of the dura, some horses
will react by flagging their tail, kicking or dropping in the
hindlimbs. An 18 gauge, 15 cm needle with a stylet is
recommended and CSF is collected passively or with gentle
aspiration. Aggressive aspiration will result in blood con-
tamination of the sample. Cerebrospinal fluid is submitted 
for analysis in a red top clot tube for cytologic analysis,
immunoblot analysis and viral titers. If CSF fluid is bloody 
or discolored, the sample should be submitted in EDTA for
cytologic evaluation.

Intracranial lesions are better represented in CSF sam-
ples obtained from the atlanto-occipital (AO) site. Atlanto-
occipital collection of CSF requires general anesthesia and
accidental penetration of the brainstem may result in death
or neurologic dysfunction. The advantages of collection of
CSF at the AO site include decreased risk of traumatic blood
contamination of the sample and the ability to obtain CSF
pressure with a water manometer.

Cerebrospinal fluid should appear clear, colorless and non-
viscous and should not clot.5 Cerebrospinal fluid can appear
red from traumatic (iatrogenic) blood contamination or
pathologic hemorrhage. Traumatic blood contamination is
non-homogenous during collection and may clot. The CSF
will appear clear following immediate centrifugation of a
blood-contaminated sample. Pathologic hemorrhage ap-
pears homogenous during collection and the sample rarely
clots. The supernatant is often xanthochromic following
immediate centrifugation of the sample (see Fig. 24.13).
Xanthochromia, or yellow discoloration of CSF, indicates the
presence of bilirubin in the CSF due to peripheral hyper-
bilirubinemia or red blood cell lysis, within the central
nervous system, secondary to hemorrhage or vasculitis.
Turbidity of CSF can result from increased white blood cells,
red blood cells, bacteria, fungi or epidural fat.

Cytologic examination should be performed within 30
minutes of sample collection. If expedient sample processing
is not feasible, cells can be preserved by the addition of 40%
ethanol to the sample at a 1:1 dilution. The range of total
white blood cell count is 0–6 cell(s)/�L in normal horses.

Differential cell count is determined from slides prepared by
cytocentrifugation. Normal CSF consists of predominantly
small lymphocytes and mononuclear cells. Neutrophils are
not present in normal CSF and usually indicate an infectious
disease process. Bacterial culture and Gram stain are recom-
mended in cases with increased neutrophils in the CSF.
Eosinophils in CSF samples may be associated with migrating
parasites, fungal or protozoal infections. The reference range
for protein content in equine CSF is 50–100 mg/dL.
Increased protein in CSF can occur with blood con-
tamination, hemorrhage, increased permeability of the
blood–brain barrier, local immunoglobulin production or
tissue degeneration.

Cervical stenotic 
myelopathy (Wobbler’s
syndrome, cervical vertebral
malformation)

● Typical cases are characterized by symmetric ataxia with
the hindlimbs more severely affected than the forelimbs.

● Plain film radiography provides an indication of the likeli-
hood of spinal cord compression.

● Myelography determines the site(s) of spinal cord com-
pression and characterizes the lesion as dynamic or static.

● CSM is likely a manifestation of developmental orthopedic
disease and is primarily observed in young horses.

● Surgical intervention improves neurologic deficits by
approximately two grades if performed within 1 month of
onset of clinical signs.

Recognition

History and presenting complaint

Cervical stenotic myelopathy (CSM) is a common cause of
symmetric spinal ataxia in horses from 6 months to 3 years of
age.6 In most instances, the rear limbs are more severely
affected than the forelimbs by one neurologic grade. The clin-
ical signs of spinal cord compression often progress for a brief
period and then stabilize.

Physical examination

At rest, CSM-affected horses may have a basewide stance and
demonstrate delayed responses to proprioceptive positioning.
When prompted to back, horses may stand basewide, lean
backward, drag their hindlimbs and/or step on their hindfoot
with a forelimb. Moderate to severely affected horses will have
lacerations on the heel bulbs (wobbler heels) and medial
aspect of their forelimbs from over-reaching and interference.
Horses with prolonged clinical signs of CSM will have hooves
that are chipped, worn or squared at the toe. The muscula-
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ture of the neck may appear disproportionately thin com-
pared to the rest of the body and prominent articular
processes of the fifth and sixth cervical vertebrae may be
evident in some horses.7

Occasionally, forelimb ataxia may be more severe in horses
with stenosis of the caudal cervical vertebrae (C6–C7) due to
compression of the cervical intumescence. Alternatively,
arthropathy of the caudal cervical vertebrae may produce cer-
vical pain and forelimb lameness due to peripheral nerve com-
pression, without producing clinical signs of spinal cord
compression.8 Affected horses typically travel with a short
cranial phase of the stride and a low foot arc of their forelimb(s),
and may stand or travel with their head and neck extended.
Rarely, diskospondylosis of the cervical vertebrae will produce a
short strided gait and cervical pain, with or without spinal
ataxia. Horses with diskospondylosis or arthropathy of the
caudal vertebrae may demonstrate increased rate and depth of
respiration with cervical manipulation due to pain.

Owners often report a traumatic incident with the onset of
clinical signs of CSM.6 The traumatic incident may be the
result of mild neurologic deficits with the injury exacerbating
the clinical signs of spinal cord compression. Asymmetric
ataxia and paresis may be occasionally observed in horses
with dorsolateral compression of the spinal cord by prolifera-
tive, degenerative articular processes and periarticular soft
tissue structures.9 Infrequently, clinical signs of nerve root
compression are seen such as cervical pain, atrophy of the
cervical musculature, cutaneous hypalgesia and hyporeflexia
of cervical reflexes adjacent to the site of spinal cord com-
pression. These signs are more commonly observed in horses
over 4 years of age with severe arthropathy of the caudal cer-
vical vertebrae (C5–C7), and result from peripheral nerve
compression by proliferative articular processes as the nerve
root exits the vertebral canal through the intervertebral
foramen.7

Special examination

Plain film radiography Equine protozoal myelitis and
equine degenerative myeloencephalopathy are the most
difficult diseases to differentiate from CSM. Cerebrospinal
fluid analysis, radiographs of the cervical spine and myelo-
graphy may be performed to differentiate these diseases.
Cytologic analysis of cerebrospinal fluid is usually unremark-
able in horses with CSM. In instances when cerebrospinal
fluid analysis is abnormal, the alterations are consistent with
acute spinal cord compression, such as mild xanthochromia
or mild increases in protein concentrations.

Evaluation of standing cervical radiographs can deter-
mine the likelihood of CSM.12 Radiographs of the cervical
vertebrae can be obtained in standing, sedated horses. Three
views, centered on C2, C4 and C6, are necessary in adult
horses to obtain sufficient overlap for an adequate image of
each cervical vertebra. A radiographic machine with a
capacity of 1000 mA, 150 kV is required to obtain suitable
radiographic quality. With the exception of ponies and
neonatal horses, portable radiographic machines are inade-
quate for radiographic examination of the vertebral column.
Radiographic cassette size for spinal studies is 35 × 43 cm
and rare-earth intensifying screens, medium- to high-speed
radiographic film, and aluminum interspaced focused grids
are typically used. The standard focal spot to film distance for
standing radiography and myelography is 100 cm. Long-
scale (low mAs, high kVp) techniques may be used for survey
radiographic examination to preserve resolution of soft
tissues and vertebrae. Short-scale (high mAs, low kVp) tech-
niques allow visualization of the contrast column and are
used for myelographic examination.

Light sedation is sufficient for obtaining lateral projections
of the cervical vertebrae in standing horses. Minimizing the
distance of the neck to the cassette (minimize object–film dis-
tance) will diminish magnification artefact. In standing
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Fig. 24.5
Survey radiograph of the fifth and sixth
cervical vertebrae in a horse with cervical
stenotic myelopathy.The intervertebral canal
diameter of the C5–C6 articulation is
indicated by the solid line, and the
intravertebral canal diameter of C6 is
denoted by the double arrow. Sagittal ratio is
calculated by dividing these measurements
by the width of the vertebral body as shown
on C6 (intravertebral sagittal ratio = 47%).
Bony malformations include malalignment of
the C5–C6 articulation, flare of caudal physis
of C5 and caudal extension of the dorsal
lamina of C5.



horses, only neutral views can be obtained. Precise position-
ing is imperative for interpretation of lateral radiographic
projections of the cervical vertebrae. Rotation of the spine
results in superimposition and distortion, which interfere
with quantitative assessment of vertebral canal diameter.

Cervical radiographs are evaluated by subjective assess-
ment of vertebral malformation and objective determination
of vertebral canal diameter.12 The five categories of bony mal-
formation which are subjectively assessed in horses with CSM
are degenerative joint disease of the articular processes, sub-

luxation between adjacent vertebrae, flare of the caudal
physis of the vertebral body, abnormal ossification patterns
and caudal extension of the dorsal laminae (Figs 24.5–24.7).
Although the presence of characteristic vertebral malforma-
tions supports the diagnosis of CSM, subjective evaluation of
survey radiographs does not reliably discriminate between
CSM-affected and unaffected horses.10,13 Degenerative joint
disease of the articular processes of the caudal cervical verte-
brae is the most frequent and severe malformation observed
in CSM-affected horses (Fig. 24.7). However, degenerative
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Fig. 24.6
Survey radiograph of the fifth and sixth cervical
vertebrae.There is malalignment of the C5–C6
articulation, flare of caudal physis of C5 and
mild degenerative joint disease on the articular
processes of the C5–C6 articulation (arrow).

Fig. 24.7
Survey radiograph of the sixth and seventh
cervical vertebrae demonstrating marked
degenerative joint disease of the C6 (large dot)
and C7 (small dot) articulation.



arthropathy occurs in 10–50% of non-ataxic horses and is
the most frequent and severe vertebral malformation in
horses without CSM.12,13 Subjective evaluation of degenera-
tive arthropathy of the articular processes without consider-
ation of vertebral body diameter may lead to false-positive
diagnosis of CSM.

The vertebral canal diameter is objectively assessed by deter-
mination of the sagittal ratio.12 The sagittal ratio is obtained by
dividing the minimum sagittal diameter of the vertebral canal
by the width of the corresponding vertebral body (Fig. 24.5).
The minimum sagittal diameter is measured from the dorsal
aspect of the vertebral body to the ventral border of the dorsal
laminae and the vertebral body width is measured perpendicu-
lar to the vertebral canal at the widest point of the cranial aspect
of the vertebral body. The sagittal ratio eliminates error due to
magnification because the vertebral canal and vertebral body
are in the same anatomic plane. The sagittal ratio should exceed
52% from C4 to C6 and 56% at C7 in horses greater than
320 kg. The sensitivity and specificity of the sagittal ratio for
identification of CSM-affected horses are approximately 89% for
vertebral sites C4 through C7.

The semiquantitative scoring system developed by
Mayhew should be used in foals less than 1 year of age to
assess cervical radiographs for diagnosis of CSM.14 The
scoring system combines objective measurement of vertebral
canal diameter and subjective evaluation of vertebral malfor-
mation. Stenosis of the vertebral canal is assessed by deter-
mination of the inter- and intravertebral minimum sagittal
diameters which are corrected for radiographic magnifica-
tion by dividing these values by the width of the vertebral
body (Fig. 24.5). Foals that measure below the mean are
allotted 5 points and foals that measure 2 SD below the mean
or fall below the mean at multiple sites are allotted from 6 to
10 points. Cervical vertebral malformation is determined by
subjective assessment of five categories: encroachment of the
caudal epiphysis of the vertebral body dorsally into the verte-

bral canal, caudal extension of the dorsal lamina to the
cranial physis of the next vertebra, angulation between adja-
cent vertebral bodies, abnormal ossification of the physis and
degenerative joint disease of the articular processes. The
maximal score allotted for each category of bony malforma-
tion is 5 points. A total score of 12 or higher (maximal total
score 35) confirms the radiographic diagnosis of CSM.
Stenosis of the vertebral canal and malalignment between
adjacent vertebrae are the most discriminating parameters in
this semiquantitative scoring system to differentiate CSM-
affected from normal foals.

Survey radiographic examination of the cervical vertebrae
determines the likelihood of spinal cord compression.
Myelographic examination is required for the definitive diagno-
sis of CSM, identification of the location of affected vertebral
sites and classification of spinal cord compressive lesions.15 The
clinician should use radiographic interpretation to classify the
patient into one of the following categories:

1. Low sagittal ratio (< 48% at C4 through C6), moderate to
severe bony malformation – perform myelographic exami-
nation to identify sites of spinal cord compression and
classify lesions as static or dynamic

2. Marginal sagittal ratio (48% through 56%) mild to moder-
ate bony malformation – perform myelographic examina-
tion to confirm or rule out CSM

3. High sagittal ratio (> 56%), minimal bony malformation –
pursue other differential diagnoses.

Myelographic examination Myelography is performed
under general anesthesia in lateral recumbency.15 The land-
marks for cisternal puncture at the AO site are the cranial
border of the wings of the atlas, the caudal border of the
occipital protuberance and the dorsal midline. The poll region
is aseptically prepared and the head flexed at a 90° angle with
the cervical vertebral column. The spinal needle (3.5 inch, 18
gauge with stylet) is introduced and directed towards the
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Fig. 24.8
Myelographic examination of C4 through C6 with
the cervical spine in ventroflexion. Dynamic
instability and spinal cord compression are present
at C4–C5.The ‘50% rule’ is determined by dividing
the dorsal contrast column of the C4–C5
articulation (black line) to the midvertebral, dorsal
contrast column caudal to the intervertebral space
(double black arrow).



lower jaw. The spinal needle is advanced until the dura mater
is penetrated, which often produces a ‘popping’ sensation.
Clear cerebrospinal fluid should drip rapidly or flow from the
hub with successful placement of the spinal needle. Twenty
to 40 mL of contrast medium produces sufficient positive-
contrast opacity to identify spinal cord compression in adult
horses. The bevel of the spinal needle is directed caudally and
contrast medium is injected at a constant rate over a 5-
minute period. The head and neck are elevated under a
wedged platform for 5 minutes at 30–45° to facilitate caudal
flow of contrast medium. Iohexol (350 mg iodine/mL) is the
most popular non-ionic, water-soluble contrast medium used
for equine myelographic studies. This second-generation
agent produces less neurotoxicity and meningeal irritation
than metrizamide.

A complete myelographic examination should include
neutral and stressed (flexed and extended) views of the cervi-
cal vertebrae.15 Horses with obvious sites of spinal cord com-
pression on neutral myelographic views, excessive flexion and
extension of the neck should be avoided while obtaining
dynamic views to prevent exacerbation of spinal cord injury.
Spinal cord compression can be dynamic or static in horses
with CSM.6 Dynamic compression occurs due to vertebral
instability and produces intermittent spinal cord compression
during ventroflexion of the neck (Fig. 24.8); spinal cord com-
pression is relieved when the neck is in the neutral position.
Pathologic changes most commonly observed in horses with
dynamic compression are instability between adjacent verte-
brae, malformation of the caudal vertebral epiphysis (caudal
epiphyseal flare) and malformation/malarticulation of the
articular processes. Osteochondrosis of the articular
processes is not always present at the site of spinal cord com-
pression in horses with dynamic compression. The inter-
vertebral sites most commonly affected by dynamic
compression are C3–C4 and C4–C5. Static compression is
defined as continuous spinal cord impingement, regardless of
cervical position, and occurs predominantly in the caudal
cervical region, C5–C6 and C6–C7 (Fig. 24.9). Static spinal

cord compression is exacerbated by thickening of the dorsal
lamina, hypertrophy of the ligamentum flavum and degener-
ative joint disease of the articular processes. Static and
dynamic spinal cord compression are both associated with
narrowing of the vertebral canal from C3 to C6, regardless of
the site of spinal cord compression, indicating that general-
ized vertebral canal stenosis is an important factor in the
pathophysiology of CSM.12

The ventral contrast column is often obliterated at the
intervertebral space in normal myelographic studies, particu-
larly when the neck is in the flexed position. A decrease of
50% or greater of the dorsal and ventral columns or less than
2 mm dorsal contrast column (or smaller) have been used
previously as diagnostic criteria for CSM but have recently
been discredited due to frequent false-positive diagnosis.
Some investigators prefer to use a 20% reduction in the dural
diameter compared to an adjacent midbody site to diagnose
spinal cord compression. The decrease in the sagittal diame-
ter of the contrast column is determined by comparing the
value at the intervertebral space to a midvertebral site,
cranial or caudal to the suspected intervertebral space.

Horses should be monitored for 24 hours after the myelo-
graphic procedure for depression, fever, seizure and worsen-
ing in neurologic status.15 Worsening of neurologic status
after myelography may result from spinal cord trauma during
hyperflexion, iatrogenic puncture of the spinal cord or chem-
ical meningitis. Administration of phenylbutazone
(4.4 mg/kg, p.o., q.o.d.) from 1 day before to 1 day after myel-
ographic examination will attenuate fever and depression
associated with chemical meningitis.

Treatment and prognosis

Medical therapy

Conservative management of CSM-affected horses consists 
of anti-inflammatory therapy (glucocorticoids, dimethyl-
sulfoxide, non-steroidal anti-inflammatory drugs) and exer-
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Fig. 24.9
Myelographic examination of C6–C7 with the
cervical spine in neutral position. Static spinal cord
compression is demonstrated by obliteration of
the dorsal and ventral contrast columns. Percent
reduction in dural diameter is determined by
comparing the intervertebral space (small black
arrow) to the midvertebral site cranial to the
intervertebral space (large black arrow).Twenty
percent or greater is diagnostic of compression
(40% reduction in this case).



cise restriction. Anti-inflammatory therapy alone may
decrease edema associated with spinal cord compression but
full recovery without dietary or surgical intervention is
unlikely. The most successful conservative treatment option
for CSM-affected foals (< 1 year) is the ‘paced diet’ program16

which is designed to correct endocrine imbalance associated
with a high carbohydrate diet. This dietary program is
restricted in energy and protein (65–75% NRC recommenda-
tions), but maintains balanced vitamin and mineral intake
(minimum 100% NRC recommendations). Vitamins A and E
are provided at three times NRC recommendations and sele-
nium is supplemented to 0.3 ppm. Roughage is provided by
pasture or low-quality (6–9% crude protein) grass hay. Stall
confinement is recommended to minimize repetitive spinal
cord compression from dynamic instability.

Horses with cervical pain and forelimb lameness due to cer-
vical vertebral arthropathy may benefit from intra-articular
administration of corticosteroids and/or chondroprotective
agents.17 Arthrocentesis of the cervical vertebral articulations
(facets) is performed with ultrasound guidance using a 6″, 18
gauge spinal needle in the standing, sedated or recumbent
horse. The cranial facet of the caudal vertebrae will appear
superficial to the caudal facet of the cranial vertebrae. The
articular space is accessed at the cranioventral opening of
the articular facet, which is angled approximately 60° from the
ultrasound beam. The needle should be introduced 5 cm cranial
to the facet and inserted at a 30° angle to the skin surface. Joint
penetration should be confirmed by aspiration of synovial fluid.
If the neck is extended, the transverse process of the cranial
vertebrae may obscure the path to the articulation. Intra-
articular triamcinolone (6 mg/joint) or methylprednisolone
(100 mg/joint) have produced a positive clinical response in
approximately 50% of horses with arthrosis of the articular
processes. The goal of intra-articular anti-inflammatory ther-
apy should be to improve cervical mobility, reduce cervical 
pain and/or eliminate forelimb lameness. It is unlikely that
intra-articular therapy will significantly improve clinical signs
of spinal ataxia.

Surgical intervention

Surgical intervention is the most widely reported treatment
for CSM.18–20 The goals of surgical intervention are to stabi-
lize the cervical vertebrae and decompress the spinal cord.
Cervical vertebral interbody fusion (ventral stabilization) pro-
vides intervertebral stability for horses with dynamic spinal
cord compression. Affected cervical vertebrae are fused in the
extended position to provide immediate relief of spinal cord
compression and prevent repetitive spinal cord trauma.

Dorsal laminectomy (subtotal Funkquist type-B) is per-
formed to decompress static lesions by removing portions of
the dorsal lamina, ligamentum flavum and joint capsule at
the compressed site.20 This procedure provides immediate
decompression of the spinal cord but fatal postoperative com-
plications may occur.18 Ventral stabilization in horses with
static compression induces remodeling of the articular
processes and soft tissue structures, resulting in delayed
decompression of the spinal cord over a period of weeks to

months. Decompression is immediate with dorsal laminec-
tomy but because of its relative safety, ventral stabilization is
the technique of choice for dynamic and static compressive
lesions for many equine surgeons.

Ventral stabilization improves the neurologic status of
horses with CSM by one to two neurologic grades, with
12–62% of horses returning to athletic function. Dorsal
laminectomy results in improvement in neurologic status in
40–75% of horses with static compression. The most impor-
tant patient factor for determination of postoperative progno-
sis is duration of clinical signs prior to surgical intervention.
Horses with clinical signs less than 1 month prior to surgery
are more likely to return to athletic function than are horses
with clinical signs of greater than 3 months’ duration.18

Subtotal laminectomy and ventral stabilization for static
compression of the caudal cervical vertebrae are associated
with fatal postoperative complications including vertebral
body fracture, spinal cord edema and implant failure.

Postoperatively, horses should be maintained with strict
stall rest for 3 weeks and fed from a hay net to minimize
motion at the surgery site. The duration of convalescence
and rehabilitation following cervical vertebral interbody
fusion is approximately 6–12 months. An individualized
exercise program, determined by projected use and neuro-
logic status of the horse, should be designed for promotion of
muscular strength. Extended exercise at slow speed, includ-
ing ponying and lunging on inclines, is recommended during
rehabilitation. Neurologic examination should be performed
to determine ability to return to athletic function following
surgery. It is unlikely that significant improvement in neuro-
logic status will occur beyond the 1 year postoperative time
period.

Etiology

Cervical stenotic myelopathy appears to be a manifestation of
developmental orthopedic disease. Developmental orthopedic
disease of the appendicular skeleton, such as physitis, joint
effusion, osteochondrosis and flexural limb deformities,
occurs more frequently in young horses with CSM.11 A direct
cause-and-effect relationship between osteochondrosis and
CSM has not been identified; however, the association
between the frequency of occurrence of osteochondrosis and
CSM indicates that the pathophysiology of these two condi-
tions is similar. It is unlikely that CSM is heritable by simple
Mendelian dominant/recessive patterns. The mode of inheri-
tance more likely involves multiple alleles and variable pene-
trance which determine genetic predisposition to CSM. A
high plane of nutrition, micronutrient imbalance, rapid
growth, trauma and abnormal biomechanical forces are
environmental factors that appear to contribute to the devel-
opment of CSM in genetically predisposed individuals.

Epidemiology

Cervical stenotic myelopathy typically produces spinal ataxia
in young horses from 6 months to 3 years of age. Cervical
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stenotic myelopathy has been reported in most light and draft
breeds. Thoroughbreds are particularly predisposed, wherein
the prevalence is approximately 2% of the population.
Approximately 10–50% of Thoroughbreds have characteristic
developmental malformations of the cervical vertebrae without
spinal cord compression.10 Male horses are more frequently
affected than females. The majority of CSM-affected horses are
less than 3 years of age at presentation, although middle-aged
horses are occasionally diagnosed with acute-onset CSM.6

Equine protozoal 
myeloencephalitis

● EPM may manifest a variety of neurologic deficits includ-
ing single limb dysfunction, spinal ataxia or cranial nerve
abnormalities.

● The definitive host of EPM is the opposum, and numerous
small mammals can serve as intermediate hosts.

● Diagnosis is primarily based on neurologic examination,
history and disease progression; immunoblot analysis of
CSF provides supportive evidence of EPM.

● Ponazuril is the first FDA-approved drug labeled for treat-
ment of EPM.

Recognition

Presenting complaint

Clinical EPM is often reported in well-maintained, young
(3–6 years) performance horses.22 The onset of clinical signs
can vary from acute to insidious and distribution of neuro-
logic deficits may be focal or multifocal. Horses may progress
from normal to recumbent over a period of hours. Conversely,
an owner of an EPM-affected horse may describe an obscure
lameness of weeks’ to months’ duration.

Physical examination

The clinical signs are dependent on the location of the organ-
ism within the central nervous system. The spinal cord is
most frequently affected (85%) and the most recognizable
manifestation of EPM is asymmetric spinal ataxia with focal
muscle mass loss or focal sweating. Asymmetric gluteal
muscle atrophy is particularly common (Fig. 24.10). Horses
may present with a single limb lameness, which does not
originate from a musculoskeletal disorder. Symmetric spinal
ataxia without muscle mass loss is also frequently observed.
Horses with EPM rarely demonstrate pain or response to
analgesic medication. Administration of analgesic medica-
tion may help distinguish traumatic injury from EPM. Horses
with damage to the brainstem and cerebral cortex by EPM are
less frequently observed (15%), and clinical signs of parasites
within these regions of the central nervous system reflect the
neuroanatomic localization of the organisms, including
cranial nerve deficits, proprioceptive deficits, weakness,

altered mentation and/or seizures. Dysphagia, vestibular dys-
function, facial nerve paralysis and atrophy of the masseter
and temporalis muscles and tongue are frequently reported
clinical signs in horses with EPM of the brainstem. Vital
parameters are typically unremarkable in affected horses.

Diagnosis

In most instances, CSM is the most difficult disease to differ-
entiate from EPM. Asymmetric ataxia, focal sweating and
focal muscle mass loss should direct diagnostic efforts
towards EPM. However, symmetric spinal ataxia does not pre-
clude a diagnosis of EPM. Horses with symmetric ataxia due
to EPM are differentiated from CSM on the basis of standing
radiographic evaluation, CSF immunoblot analysis for
Sarcocystis neurona, and myelographic evaluation. Horses
with EPM of the brain and brainstem may be difficult to dis-
tinguish from those with viral encephalitis (Eastern equine
encephalitis, Western equine encephalitis, West Nile virus
and rabies). Viral encephalitides may be differentiated from
EPM by viral serology, CSF cytology and antibody detection
and clinical course of disease.

Hematologic and biochemical analysis are unremarkable
in horses with EPM. Cytologic analysis of CSF may reveal
mild, non-specific inflammation characterized by mono-
nuclear pleocytosis and mild protein elevation. However, CSF
analysis is often unremarkable in horses with EPM.
Immunoblot analysis (Western blot analysis) identifies anti-
body against the organism in serum and CSF. Positive
immunoblot analysis of serum samples cannot be used to
definitely diagnose EPM because it simply indicates exposure
to the organism and not necessarily the presence of disease
(poor positive predictive value). A negative immunoblot
analysis test of serum from a horse with neurologic disease
does indicate that the diagnosis of EPM is unlikely (high neg-
ative predictive value).26

Positive immunoblot analysis of cerebrospinal fluid may
indicate intrathecal production of antibody to the organism.
The sensitivity and specificity of immunoblot analysis for
diagnosis of EPM are approximately 90%.22 The most
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Fig. 24.10
Asymmetric gluteal muscle atrophy in a horse with equine
protozoal myelitis.



common cause of false-positive diagnosis is iatrogenic hem-
orrhage during CSF tap. However, damage to the blood–brain
barrier due to a pathologic process (i.e. trauma, vasculitis)
may also result in false-positive test results from CSF of
seropositive horses. It is important to recognize that
immunoblot analysis of CSF is frequently false positive in
CSM-affected horses if they live in a geographic area with a
high EPM seroprevalence. Therefore, differentiation of CSM
and EPM should not be determined on the basis of
immunoblot analysis alone.

Treatment and prognosis

Prompt initiation of antiprotozoal treatment is warranted in
suspect cases of EPM, often prior to obtaining results of
immunoblot analysis on CSF. Ponazuril (Marquis®, Bayer
Animal Health) is the first FDA-approved drug for treatment
of EPM. It is a coccidiacidal drug, belonging to the triazine
family, and is a primary metabolite of toltrazuril.27 Ponazuril
is readily absorbed from the gastrointestinal tract and pene-
trates the CSF to attain therapeutic drug concentrations.
Serum concentrations are approximately 25 times CSF con-
centrations. The label treatment regimen is 5 mg/kg orally,
once a day for 28 days. If a horse does not improve on this
dose within 2 weeks of initiation of therapy, 10 mg/kg per
day can be prescribed for an additional 28 days. Some horses
relapse after a 28-day course of therapy indicating a longer
period of drug administration may be warranted.27 Sixty
percent of horses with EPM improve one neurologic grade
during the 28-day treatment period with 5 mg/kg, and
approximately 65% of horses improve one neurologic grade
with 10 mg/kg.28 During the safety phase of the approval
process, the following adverse effects were recorded in horses
receiving either 1×, 2× or 6× the recommended dosage: blis-
ters on the nose and mouth, hives, loose stools, mild colic,
sporadic inappetance and edema of the lamina propria of the
uterine epithelium.29 Ponazuril has not been approved for use
during pregnancy or lactation and has not been evaluated for
drug interactions.

Traditional therapy consists of a combination of sulfa
antimicrobials and pyrimethamine (1.0 mg/kg s.i.d.).30

Sulfadiazine (20 mg/kg s.i.d.) appears to be superior to sulfa-
methoxazole for treatment of EPM, on the basis of volume of
distribution, protein binding, longer t1/2, lower MIC for
Toxoplasma and higher mean plasma concentrations.
Potential adverse effects associated with administration of
pyrimethamine and sulfa antimicrobials include anemia,
leukopenia, abortion, antibiotic-induced colitis and treat-
ment crisis. Hay and grain inhibit intestinal absorption so
EPM therapy should be administered on an empty stomach.
Sulfadiazine and pyrimethamine inhibit protozoal replication
but are not cidal, which relies on an immunologic response to
destroy the organism.22 The recommended treatment period
is 90–120 days, and the prognosis for return to normal neu-
rologic function is approximately 60%. Poor prognostic indi-
cators include recumbency, focal muscle mass loss and
prolonged duration of clinical signs prior to administration of

antimicrobial therapy. The decision to discontinue therapy is
determined by significant improvement in clinical signs of
EPM. Premature discontinuation of therapy may result in
relapse of neurologic signs. The neurologic signs of relapse
are similar to the first episode, and the incidence of relapse is
approximately 10–15%.

Immunostimulant therapy has been suggested as ancil-
lary therapy for EPM, although efficacy of these products has
not been rigorously tested in horses with clinical signs of
disease. Corticosteroids should be avoided in horses suspected
to have EPM due to the immunosuppressive effects.
Sarcocystis neurona organisms are more likely to be observed
at necropsy examination of the central nervous system of
horses receiving corticosteroids for treatment of EPM.
However, administration of a single dose may be beneficial in
a recumbent horse with EPM.

Epidemiology

Equine protozoal myeloencephalitis is the most common
cause of neurologic disease in horses in most regions of
North America. Protozoal myeloencephalitis has been recog-
nized in horses since the 1970s but it was not until 1991 that
the primary parasite responsible for EPM was cultured from a
horse and given the name Sarcocystis neurona. Opossums are
the definitive host of S. neurona and several small mammals
(skunk, armadillo, domestic cat, raccoon) are capable of
serving as intermediate hosts to complete the lifecycle.21 The
role of each of these potential intermediate hosts in the
natural lifecycle of S. neurona is not clear. Transmission of
the parasite from the above-mentioned intermediate hosts 
to the definitive host is probably accomplished by ingestion of
dead intermediate hosts by the opossum, rather than the typical
prey-predator lifecycle observed with most Sarcocystis spp.

Horses appear to be dead-end, aberrant hosts (not capable
of transmitting infection from horse to horse).22 The sporo-
cyst in opossum feces appears to be the infectious form of the
organism for horses. The route of migration of the parasite
from the time of ingestion of sporocysts to parasitism of the
central nervous system is unknown. Control of the disease
should be centered on limiting exposure of horses to opossum
feces; approximately 20% of opossums excrete infectious
sporocysts in the wild.23 Disposal of skunk, raccoon,
armadillo or cat carcasses from equine premises will prevent
opossums from eating carrion, which may remove the
primary source of infection for the definitive host. The most
important form of contaminated equine feeds (i.e. hay,
pasture, grain, water) is currently unknown.

Recent studies estimate 44–55% of horses in North
America have been exposed to S. neurona, based on serocon-
version.24 Variability in seroprevalence across the United
States appears dependent on environmental factors such as
number of freezing days (decreased incidence) and relative
humidity (increased incidence). Despite the high exposure
rate, clinical disease remains infrequent (approximately 2%)
in horses exposed to the parasite. Evidence suggests that some
horses may clear the organism from the central nervous
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system routinely, which may explain the relatively high number
of normal horses with CSF antibodies to S. neurona compared to
the prevalence of clinical disease. Individual risk factors for
development of clinical disease are suspected to be stress, cor-
ticosteroid administration, general anesthesia, strenuous
exercise, long-distance transport and natural individual suscep-
tibility. Most commonly, a single horse on a farm will develop
clinical signs of disease. Epizootics with > 50% clinical attack
rates have been reported on farms with large resident opossum
populations with access to the feed sources.25

Vertebral trauma

● The most common sites of vertebral injury in horses vary
with the age.

● Diagnosis of vertebral fracture is determined by plain film
radiography or nuclear scintigraphy.

● Medical therapy is indicated in ambulatory patients with
stable fractures.

● Surgical therapy is indicated in unstable fractures of the
cervical or sacral vertebrae.

Cervical fractures

Traumatic spinal cord injury is a common etiology of spinal
ataxia in performance horses, and can be difficult to diag-
nose. The most common site of traumatic spinal cord injury
is dependent on age of the horse.31 Cervical fractures are

more common in foals and result from hyperextension,
hyperflexion and luxation. Adult horses are more likely than
foals to develop fractures of the caudal thoracic and lumbar
spine. Regardless of the site of the fracture, the prognosis is
dependent on the severity of the initial injury.

The most common cervical vertebral fracture in foals 
is axial dens fracture and atlantoaxial subluxation 
(Fig. 24.11).32 Atlantoaxial subluxation may result from
resisting head restraint (hyperextension) or somersault
(hyperflexion) injuries in young horses. Foals with atlantoax-
ial subluxation will have a stiff, splinted neck and, in some
instances, audible crepitation with manipulation of the head.
Neurologic gait deficits range from none to marked tetrapare-
sis and ataxia. Foals may have a head tilt, without other signs
of vestibular dysfunction, due to mechanical malalignment
of the C1–C2 articulation. Radiograph views of the cervical
spine reveal widening of the cranial physis of the axis. In
foals with neurologic gait deficits, cranioventral luxation of
axis usually occurs with increased distance between the spine
of the atlas and axis and between the floor of the atlas and
the axial dens.

In adult horses, compression fractures of the vertebral body
and articular facet fractures are the most common fractures of
the cervical vertebrae and occur with head-on collision and
falling, rolling injuries in horses (especially jumping and steeple-
chasing), respectively (Fig. 24.12).31 Cervical vertebral frac-
tures are associated with pain, resistance to manipulation and
splinting of the neck. Focal sweating, loss of cutaneous sensa-
tion and torticollis may be observed if exiting nerve roots are
damaged by the fracture. The severity of neurologic gait deficits
will range from none to tetraplegia dependent on the degree of
vertebral luxation and spinal cord injury.

Thoracic fractures

Thoracic fractures are more common in adult horses than
foals and result from falling over a jump or flipping over back-
wards.31 The first three thoracic vertebrae are most likely to
fracture, followed by T12. Fracture of the thoracolumbar
junction is observed in horses that fall and roll down an
embankment. Clinical signs in horses with T12 or thora-
columbar fractures include paraparesis and tracking or drift-
ing of the hindlinbs to one side. Dorsal spinous process
fractures of T4 to T8 occur in horses that flip over backwards.
These fractures are not usually associated with fracture of
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Fig. 24.12
Cervical
radiograph of C4
through C7 from
an adult horse
after a head-on
collision with a
tree.A vertebral
body compression
fracture is present
at C6.The horse
was recumbent.

Fig. 24.11
Cervical radiograph from a weanling that reared over
backward and impacted on the pole. One wing of atlas 
(C1) is displaced ventrally.The odontoid process (dens) of the
axis (C2) is fractured and the entire axis is displaced ventrally.
The foal demonstrates grade 2 symmetric ataxia and a
mechanical head tilt.



the vertebral bodies, although neurologic gait deficits may
result from contusion of the spinal cord. Sacral fractures
occur with dog-sitting incidents and may result in loss of tail
function, urinary incontinence, loss of anal tone and fecal
retention.

Diagnosis of vertebral fractures can be difficult. Despite the
presence of a fracture, overlapping structures and surround-
ing muscle mass render radiographic projections of the verte-
brae difficult to interpret.33 Vertebral fracture should be
investigated in horses that have a history of a traumatic
event, pain on palpation, clinical signs of tetra- or parapare-
sis and/or hyperesthesia or loss of cutaneous sensation. Plain
film radiography may identify cervical, sacral and thoracic
fractures. Fractures of the lumbar vertebrae are not
amenable to radiographic examination due to the soft tissue
mass surrounding the vertebral bodies in this region.31

Nuclear scintigraphy may enable the clinician to identify
non-displaced cervical fractures and fractures of the lumbar
spine which are inaccessible to radiographic examination.
Cerebrospinal fluid is often hemorraghic in horses with CNS
trauma. The supernatant will appear xanthochromic after
centrifugation if the hemorrhage is pathologic in origin (as
opposed to iatrogenic) (Fig. 24.13).

Treatment and prognosis

Medical therapy

Conservative management, consisting of stall rest and anti-
inflammatory therapy, may be rewarding in horses that are
ambulatory after vertebral fracture.33 The therapeutic
approach for foals with atlantoaxial subluxation is dependent
upon the severity of neurologic deficits and the degree of
malalignment and instability of the vertebrae. Stall rest and
conservative anti-inflammatory therapy may be successful in
foals with relatively stable, non-displaced fractures.

Early medical therapy (less than 8 hours after injury) to
prevent edema formation consistently produces a more favor-
able outcome than does late intervention.33 Glucocorticoids
(dexamethasone 0.1–0.2 mg/kg, i.v., q 8–12 h) minimize
cerebral edema and secondary injury by prevention of mem-
brane lipoperoxidation and inhibition of arachidonic acid
metabolites. Dimethyl sulfoxide (1 g/kg, i.v., s.i.d. to b.i.d.)
may prevent or reduce cerebral edema. Rapid administration
of the 10% DMSO solution may result in intravascular
hemolysis and hemoglobinuria. Mannitol (0.25–1 g/kg, i.v.
over 20 minutes as a 20% solution, b.i.d. to t.i.d.) reduces
existing CNS edema via hyperosmolar dehydration and may
reduce CSF pressure within 30 minutes of administration.
Non-steroidal anti-inflammatory drugs have limited ability to
reduce CNS edema and inflammation but analgesic proper-
ties may relieve malaise and reduce depression. Liberal
administration of anti-inflammatory drugs may permit
excessive movement by the horse and loss of muscular splint-
ing of the fracture, which may promote displacement of frac-
ture fragments.

Surgical intervention

Surgical intervention is recommended for foals with unstable
cervical fractures and severe neurologic gait deficits.32

Surgical approaches for correction of atlantoaxial subluxa-
tion in foals includes compression plating, Steinmann pin
fixation, dorsal laminectomy of the caudal atlas and ventral
cervical fusion.31 Surgical stabilization of vertebral fractures
is rarely attempted in adult horses. Successful lag screw
fixation of vertebral body fracture and dorsal decompression
of a transverse, ventrally displaced sacral fracture have been
reported.34 Surgical intervention has not been reported in
horses with thoracic or lumbar vertebral fractures. Dorsal
spinous process fractures may require surgical removal if
sequestration of bone fragments occurs.

Exuberant callus formation may impinge on the spinal
cord and produce neurologic gait deficits months after the
injury. Therefore, the ultimate usefulness of a horse with
traumatic spinal cord damage may not be determined for a
prolonged period of time after injury. Nonetheless, response
to therapy within the first few days is a good prognostic
indicator.

Equine degenerative 
myeloencephalopathy

● EDM produces symmetric spinal ataxia in young (6 mo to
2 yr) horses.

● There is no ante-mortem diagnostic test so EDM is a diag-
nosis of exclusion.

● Vitamin E supplementation may prevent or stabilize
disease in predisposed individuals.

● Predisposing factors include heredity and environmental
factors that reduce or inhibit dietary vitamin E.
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Fig. 24.13
Cerebrospinal fluid from a horse with head trauma. CSF
appears hemorrhagic prior to centrifugation (right) and
xanthochromic (supernatant) with a red cell pellet after
centrifugation (left).



Recognition

Neurologic examination

Horses with EDM demonstrate symmetric ataxia, spasticity
and weakness.35 Hypermetria and weakness are particularly
prominent. During neurologic examination, affected horses
demonstrate circumduction, posting, abnormal propriocep-
tive positioning and abnormal sway test. The severity of fore-
limb ataxia may equal that of the hind limbs.40 Most horses
with EDM have difficulty backing and may dog-sit or fall
when forced to back. Horses with chronic disease may
develop signs of lower motor neuron dysfunction such as
decreased cutaneous truncal, cervical, cervicofacial and
laryngeal adductory slap reflexes.40 The typical clinical
course of EDM is characterized by insidious progression of
neurologic gait deficits, followed by stabilization of clinical
signs. Clinical signs do not progress after maturity and
affected horses rarely develop quadriparesis or tetraplegia.

Diagnosis

Equine degenerative myeloencephalopathy is a diagnosis of
exclusion.41 There is no ante-mortem diagnostic test so lum-
bosacral CSF analysis, cervical radiographs and/or myelogra-
phy are performed to eliminate other potential causes of
spinal ataxia in young horses.36 The results of these tests are
unremarkable in horses with EDM. Plasma �-tocopherol
concentration may be low (< 1.0 �g/mL) or normal
(1.5–3.0 �g/mL) in horses with EDM depending on the stage
of the disease process. A single sample reflects the current
status of the horse and cannot detect a deficiency that may
have existed prior to or during the degenerative process.41

Therefore, plasma �-tocopherol provides supportive evi-
dence, but cannot be used to diagnose or rule out EDM. 
The clinician may suspect EDM based on neurologic signs
(hyporeflexia, forelimbs and hindlimbs equally affected,

weakness and hypermetria) and familial history. Foals of
dams that have previously produced an EDM-affected foal are 
25 times more likely to develop EDM.37 Nonetheless, the
definitive diagnosis is determined by necropsy examination.

There are no gross lesions of EDM. The caudal medulla
oblongata and midthoracic spinal cord demonstrate the most
severe histopathologic lesions of EDM.40 Findings include
neuroaxonal dystrophy of brainstem nuclei (nucleus cunea-
tus, nucleus gracilis and the lateral cuneate nucleus) and
throughout the spinal cord.40 The most prominent gray
matter lesions in the spinal cord are in the nucleus of the
spinocerebellar tracts of the thoracic spinal cord. The most
prominent white matter lesions are spheroid formation
(swollen dystrophic axons – Fig. 24.14) and lipofuscin accu-
mulation in the dorsal and ventral spinocerebellar tract in the
lateral funiculus and ventromedial funiculus of the cervi-
cothoracic spinal cord. The lipofuscin pigment is believed to
represent malonaldehyde, the end-product of lipid peroxida-
tion of degenerating spinal cord.40

Treatment and prevention

Dietary vitamin E supplementation may be used to prevent or
treat EDM. The current recommendation for treatment 
of horses with clinical signs of disease is 6000 IU of d,1-
�-tocopherol acetate (with 60 mL corn oil) daily through the
third year of life. This dose has been reported to improve the
neurologic status of affected horses.41 For prevention of EDM
in genetically predisposed horses, �-tocopherol acetate is sup-
plemented in the diet at 1000–2000 IU/day during preg-
nancy and through the first year of life. Horses with access to
pasture or properly cured hay ingest adequate amounts of
vitamin E and do not require supplementation. Supple-
mentation is recommended for all horses eating hay that has
been improperly cured or stored for an extended period 
of time. Combination vitamin E/selenium products can
produce selenium toxicity at doses required to achieve the
recommended level of vitamin E supplementation.41

Epidemiology and pathophysiology

Equine degenerative myeloencephalopathy is a diffuse de-
generative disease of young horses affecting the brainstem
and spinal cord. Ataxia typically develops between 3 and 
12 months of age.35 Equine degenerative myeloencephalopa-
thy has been reported in most light breeds of horses and appears
familial in Standardbreds, Appaloosas, Paso Finos and zebras.36

There is no gender predilection. Equine degenerative myeloen-
cephalopathy has been reported most frequently from the
north-eastern United States, wherein up to 45% of ataxic
horses have a histopathologic diagnosis of EDM. Predisposing
factors for development of EDM include use of insecticides,
exposure to wood preservatives and turnout in dirt lots. Access
to green pasture appears protective.37

Vitamin E is suspected to play a pivotal role in the patho-
physiology of EDM. The histopathologic lesions of EDM are
similar to experimentally induced vitamin E deficiency in other
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Fig. 24.14
Photomicrograph from the brainstem of a 6-month-old colt
with equine degenerative myeloencephalopathy. Spheroids,
representing swollen dystrophic axons, are characteristic of
EDM. H&E ×100.



species. Low plasma �-tocopherol concentrations are observed
in clinical cases of EDM and prophylactic administration of
vitamin E to genetically predisposed foals and pregnant mares
decreases the incidence of EDM.38 Low plasma �-tocopherol
concentration from 6 weeks to 10 months of age appears to be
a critical factor in the development of EDM in hereditarily pre-
disposed foals. Low �-tocopherol values do not reflect a primary
defect of gastrointestinal absorption in this population of foals,
but may reflect inappropriate assimilation of vitamin E.39

Head shaking

● Head shaking is seasonal and may be triggered by
exposure to sunlight.

● Affected horses are suspected to experience neuropathic
pain in the form of a burning sensation around their
muzzle.

● Response to medical therapy is variable and may be
transient.

● Surgical therapy should be considered a salvage procedure
and should only be performed in horses demonstrating a
consistent response to diagnostic nerve blocks.

Recognition

Presenting complaint

Horses with head shaking disorder toss their heads in the
absence of obvious external stimuli. Some horses will head
shake with such violence that they are dangerous to the
handler or rider. Photo-induced horses attempt to avoid direct
sunlight by seeking shade or hiding their heads in unusual
places. Clinical signs are often seasonal, abating during
winter months and returning in spring. The condition affects
adult horses, and geldings and Thoroughbreds appear to be
over-represented.45 The behavior is exhibited at rest and
during exercise. Violent head shaking at the beginning of
exercise is common and can render the horse unusable for
riding. A change in environment may result in some horses
failing to exhibit the behavior on the day of examination so
the owner should obtain a videotape of the head shaking
behavior prior to their appointment.

Physical examination

Head shakers demonstrate sudden, violent jerking move-
ments of the head in the absence of obvious external
stimuli.44 Quick vertical flips or jerking movements (as if
stung by a bee on the end of the nose) are characteristic, but
some horses may intersperse horizontal and rotary activity.42

Affected horses often snort, sneeze and rub their nose. Horses
that demonstrate head shaking behavior due to other etiolo-
gies usually perform intentional, head tossing behavior,
rather than rapid, bee-sting vertical flips characteristic of
photic head shaking.

Diagnosis

There are numerous differential diagnoses for head shaking
in horses. Next to trigeminal neuritis, otitis, dental disease,
TMJ osteitis and foreign body may be the most common
causes of head shaking. Ophthalmologic, otic, oral and endo-
scopic examination of the upper respiratory tract (including
guttural pouches) and radiographic examination of the skull
may be performed in horses demonstrating head shaking
behavior to rule out these differential diagnoses. Findings are
unremarkable in horses with photic head shaking. To deter-
mine if the behavior is induced by natural light, the horse
should be placed under the following conditions: direct sun-
light, blindfolded, night-time outdoors, dark lenses in direct
sunlight. If sunlight has been identified as the stimulus for
infraorbital pain, reduced sunlight exposure by providing
shelter or a mask is indicated.42

Treatment and prognosis

Medical therapy

The response of photic head shakers to medical therapy is
variable. Favorable, transient and non-response to therapy
are commonly reported outcomes of medical management.
Cyproheptidine (0.3–0.6 mg/kg, p.o., b.i.d.) is an antihista-
mine, serotonin antagonist with anticholinergic effects. The
mechanism of action for treatment of photic head shaking is
unknown.44 A 7-day course of cyproheptidine is recom-
mended to determine response to therapy and horses that
respond should be treated during the season in which they
exhibit head shaking behavior. Approximately two-thirds of
photic head shakers will respond to cyproheptidine.45 Clinical
signs typically recur 24 hours after discontinuation of cypro-
heptidine. Transient lethargy, depression, colic or anorexia
may be observed in some horses with cyproheptidine admin-
istration. Carbamazepine (3–4 mg/kg, p.o., t.i.d. to q.i.d.) is
the drug of choice for treatment of trigeminal neuritis in
humans. This drug may be administered alone or in combi-
nation with cyproheptidine to horses that fail to respond to
cyproheptidine alone.46 The response to carbamazepine is
approximately 80% of cases. Melatonin (12 mg p.o. between
1700 and 1800 h) has been reported to diminish clinical
signs in some head shaking horses. Transient relief may be
obtained with topical EMLA cream (lidocaine 2.5% and pilo-
carpine 2.5%) applied to the muzzle. Cover the topical cream
with plastic wrap (make holes for nostrils) and leave on for 45
minutes. Administration of topical therapy prior to exercise
may facilitate riding, training and showing of affected horses.
The ideal combination of drug therapy is tailored to the indi-
vidual horse, based on trial and error response to therapy.
Corticosteroids, NSAIDs and antihistamines are ineffective in
the treatment of photic head shaking.

Surgical intervention

Surgical intervention should be considered for horses that
cannot be controlled with medical therapy. Bilateral infra-

529
24 Neurologic causes of gait abnormalities in athletic horses



orbital neurectomy is a salvage procedure for refractory
cases. Surgical candidates must demonstrate a consistently
positive response to serial infraorbital nerve blocks.44

Bilateral infraorbital nerve block is performed by infusion of
mepivicaine (10 mL) over and within the infraorbital canal.
Approximately 30–40% of photic head shakers improve after
bilateral infraorbial neurectomy, and successful outcome
may be improved by careful case selection (i.e. consistent
response to infraorbital nerve block). Postoperative complica-
tions may include nasal pruritus (common, temporary), rein-
nervation and neuroma formation.

An alternative procedure to infraorbital neurectomy is
bilateral sclerosis of the posterior ethmoidal branch of the
trigeminal nerve.46 Prior to considering the procedure,
horses should respond favorably to bilateral posterior eth-
moidal nerve block. This block is performed using a 7 cm, 18
gauge spinal needle inserted below the zygomatic arch and
directed rostral ventral towards the upper sixth cheek tooth
(approximately 5 cm) (Fig. 24.15). Five milliliters of mepiva-
caine is infused at the level of the maxillary foramen.
Bilateral sclerosis of the posterior ethmoidal branch of the
trigeminal nerve is achieved by perineural injection (5 mL) of
10% phenol in almond oil.46 This procedure is performed
under anesthesia, by inserting a 20 cm stiletted needle up the
infraorbital nerve to the level of the maxillary foramen.
Proper positioning of the needle at the maxillary foramen is
confirmed by fluoroscopy. Approximately 65% of horses
demonstrate a 90–100% improvement after bilateral sclero-
sis of the posterior ethmoidal branch of the trigeminal nerve.

Pathophysiology

Prior to the 1990s, the cause of head shaking was rarely
identified and the condition was largely unresponsive to

therapy. In 1995, Madigan and co-workers presented a series of
photic head shaking horses in which head shaking was trig-
gered by natural sunlight and darkness provided relief from the
condition.42 Photic head shaking horses are suspected to expe-
rience a burning sensation or tingling of the muzzle (neuro-
pathic pain) in response to bright sunlight. The mechanism of
photic head shaking may be similar to photic sneezing in
humans, in which exposure to bright light triggers sneezing
episodes. Photic sneezing in humans is a heritable, non-allergic
disorder. Photic head shaking may represent a form of referred
pain in which stimulation of one of the cranial nerves
enhances irritability of the other, in this instance optic-trigem-
inal summation. This may be associated with convergence
between optic and trigeminal tracts in the brainstem. Some cli-
nicians suspect trigeminal ganglioneuritis, due to latent equine
herpesvirus infection, may contribute to irritability of the
infraorbital nerve. Bright sunlight is the most common trigger
for neuropathic head shakers but other stimuli, including
specific feeds (gustatory head shaking), may also serve as a
trigger for infraorbital nerve irritability.43 In some horses, the
triggering stimulus is not identified but their head shaking
behavior appears characteristic for neuropathic pain and they
respond to medical therapy. Many other disorders besides neu-
ropathic pain may induce head shaking behavior in horses. A
thorough diagnostic evaluation is indicated to eliminate other
etiologies of head shaking behavior.
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manual techniques and controlled exercise will be described
in this chapter.

Accurate localization and diagnosis of the injury or lame-
ness must precede the choice of appropriate physical treatment
methods. Treatments should be chosen based on the goals of the
therapy program and the circumstances of treatment, such as a
hospital setting or a competition, the availability of trained
people to apply treatments, and available technology.

Physical treatment of horses is often a major adjunct to
surgical or medical therapy. It may also be the primary
therapy where a horse is competing under Federation
Equestre Internationale (FEI) or other competition regula-
tions that prohibit use of medications. Some of these treat-
ment techniques have undergone scientific scrutiny, while
others have not. It therefore behoves the attending veterinar-
ian to carefully review available current literature before
using some of these methods.

Thermal therapy

Physiological effects of heat application

One of the most accessible and time-tested methods of physi-
cal treatment is thermal therapy. The major physiological
benefits of heat therapy are increased local circulation,
decreased pain, reduction of muscle spasm resulting in
muscle relaxation, and increased tissue extensibility.1–3

The primary effect of local heat application is stimulation
of local circulation by dilation of blood vessels. Increased
local blood flow helps mobilize tissue metabolites, increases
tissue oxygenation and raises the metabolic rate of cells and
enzyme systems. As a rule, an increase in tissue temperature
of 10°C increases the metabolic rate 2–3 times.1 These
factors are especially beneficial for wound healing or other
soft tissue injuries.

Increased local blood flow may be initiated by three mech-
anisms. The axonal reflex is a direct response of the blood
vessels to local increases in tissue temperature. Local

Introduction

Physical treatment is the application of non-pharmacologic
techniques and methodologies for the treatment of muscu-
loskeletal disorders. Thermal, sound and light treatments,
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Cold Acute injury Ice water Restricts blood
(first 24–48 immersion flow
hours) Ice surface Reduces 
Pain reduction application metabolism

Cold packs Reduces activity 
of inflammatory 
enzymes
Reduces pain

Heat Chronic injury Warm water Increases 
(after 72 hours) from hose blood flow
Enhance tissue Hot packs Increases 
stretching Leg sweat metabolism
Enhance healing Therapeutic Increases activity 
response ultrasound of tissue enzymes

Relaxes muscle 
spasm
Reduces pain
Increased tissue
extensibility
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inflammatory mediators such as histamine, prostaglandins
(such as PGE2 and prostacyclin) and bradykinin may also initi-
ate vasodilation and increase capillary permeability. Local
spinal reflexes are stimulated by afferent impulses from the
thermoreceptors at the site of heating and result in decreased
postganglionic sympathetic adrenergic nerve activity, which
decreases smooth muscle tone of vessels, allowing them to
dilate.1

Edema reduction is a common reason for heat application
in horses. Increased blood flow and vascular permeability
may promote resorption of edema. However, vasodilation of a
dependent limb, such as in a standing horse or human, may
actually lead to edema in the limb(s) by the same mechanisms
that cause edema, specifically increased blood flow and vas-
cular permeability. Application of heat at one location may
also cause reflex vasodilation at a distant site. For example,
when heat is applied to the lower back of humans, the vessels
of the distal limb dilate in response.

Heat application is also recognized to decrease pain.
Stimulation of heat receptors may result in closing of the
neural gate, which blocks afferent stimuli from peripheral
pain receptors. Heat may also act as a counterstimulus to
pain, making the afferent impulses of pain less noticeable.1–3

Muscle spasms are decreased following heat application.
Increased muscle temperature results in decreased firing 
of muscle spindles, which helps to break the cycle of
pain–spasm–pain. The same sort of cycle may be partially
responsible for flexural contractures in foals with physitis. The
flexor muscles are the largest group of forelimb muscles in the
foal. Severe physeal pain results in reflex increased muscle
spindle firing and muscle spasm leads to flexural contracture.

Soft tissues may be stretched most effectively when they
are heated. Heat decreases tissue viscosity and increases
tissue elasticity. Low-load, prolonged stretching of tissues
heated to 40–45°C (104–113°F) results in increased extensi-
bility of tendon, joint capsule and muscle.1–3

Indications for heat therapy

Heat is best applied after the acute inflammation has sub-
sided, usually no sooner than 48–72 hours after an injury. It
is also useful for reducing muscle spasm and pain due to mus-
culoskeletal injuries. Heat therapy can be used to increase
joint and tendon mobility, particularly by heating before
active stretching. Heat application may be beneficial for accel-
erating the healing response of localized soft tissue injuries.

Heat: methods of application

Superficial heat may be applied with hot packs, hydrotherapy,
paraffin baths or moist air. These methods provide heat pene-
tration to approximately 1 cm from the skin surface.1–3 This
is often sufficient for many distal limb injuries because of
the lack of an insulating fatty subcutaneous tissue layer 
in horses. Deep heat may be applied using therapeutic 
ultrasound.

The most profound physiological effects of heat occur
when tissue temperatures are raised to 40–45°C

(104–113°F).1,3,4 Tissue temperatures above 45°C may result in
pain and irreversible tissue damage.4 Skin and subcutaneous
tissue temperature increases approximately 5°C after 6 minutes
of treatment and maintains that temperature for up to 30
minutes.5 For deeper tissues, 15–30 minutes heating is required
to elevate tissue temperature into the therapeutic range.1,3

Direct contact of the skin to temperatures over 45°C
(115°F) may cause thermal injury and tissue damage. Heat
sources warmer than 45°C must be wrapped in several layers
of moist towels before application.4 Superficial heat using
hydrocollator packs, which are heated to 71–79°C, or
rechargeable hot packs is usually applied for 15–20 minutes,
but timing depends on the warmth of the heat source.

Warm water is probably the most accessible method of
heat therapy. Methods of application may be from a hose or
with wet towels, or water immersion in a bucket, therapy tub
or turbulator boot. A rule of thumb is that water as hot as
one’s hand can comfortably endure is about 38–41°C
(101–105°F). Tissue heated by water at this temperature
may only reach the lowest tissue therapeutic range. To make
warm hydrotherapy most effective, a thermometer should be
used to determine water temperature. Horses will commonly
experience pain with water 45°C and higher.

In a study of hot water hose therapy applied to the
metacarpal region in a horse, it was found that water as warm
as a human could comfortably endure resulted in skin surface
temperatures on the horse of 39.5–41°C.5 Temperature of sub-
cutaneous and deep tissues stabilized at 39–40°C approxi-
mately 9 minutes after therapy was started. Tissue temperatures
returned to baseline approximately 15 minutes after therapy
ceased.5 Heating the equine digit by standing in a 47°C water
bath for 30 minutes resulted in significant increases in soft
tissue perfusion and laminar temperatures.6 Vascular perfusion
increased, but not significantly.6

Commercial hot packs provide marginally effective treat-
ment temperatures, yet they are very simple to use. The packs
consist of a chemical that rapidly changes from a gel to a
crystalline structure in an exothermic reaction. The packs
attain temperatures of about 54°C (130°F) within minutes of
activation. Heat is maintained for 20–30 minutes. The packs
are either single use and disposable or rechargeable in a
microwave by immersion in near-boiling water. Hot packs of
this type are available from Tempra Technology, Bradenton,
Florida, USA (single-use disposable) or Cyan Massage
Products, Edmonton, Alberta, Canada (rechargeable).

Hydrocollator packs are commonly used in human physi-
cal therapy practices. Heat is retained by blocks of silica gel
encased in a flexible canvas cover. Hydrocollator packs are
heated to 71–79°C (160–174°F).4 They are somewhat heavy
for use in standing horses, but the weight helps maintain
good contact with the treatment area. Moist towels should be
wrapped around the packs to prevent thermal injury.

Therapeutic ultrasound (US) may be used for superficial or
deep heating of tissues. In horses, treatment is usually con-
ducted at 1.5 W/cm2 for 10 minutes. Ultrasound selectively
heats tissue with high protein and/or collagen content.4

Tendon, muscle, fibrous connective tissue and bone may be
effectively heated to 45°C, while adipose tissue is relatively
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transparent to the effects of therapeutic US. The greatest
heating occurs at tissue interfaces, similar to the sharp image
delineations between tissue interfaces of skin, tendon and fluid
seen with diagnostic US. Ultrasound effectively heats tissues to a
depth of more than 7 cm (3″). In dog thigh muscles, US treat-
ment at 1.5 W/cm2 resulted in temperature increases of 4.6°C,
3.6°C and 2.4°C at 1 cm, 2 cm, and 3 cm depths, respectively.7

An additional benefit of US is the deep massage of tissues
because the sound waves compress and expand tissues and
tissue fluids.7 Fibrous connective tissue scars may be loosened
and reabsorbed to a certain degree with therapeutic US.
Treatment is usually performed once or twice daily for 10–14
days. Ultrasound coupling gel must be used to provide good
contact between the US transducer and the skin.

Physiological effects of cold application

The major physiological benefits of cold therapy are decreased
local circulation, decreased pain and decreased tissue extensibil-
ity.1–3,8,9 The viscoelastic properties of soft tissues are reduced
with cold therapy, which may be an undesirable effect.1–3

The primary effect of local cold application is to constrict
blood vessels. Local reflexes and central nervous system
responses mediate vasoconstriction. Reduced blood flow may
help reduce edema, hemorrhage and extravasation of inflam-
matory cells. Just 10 minutes of ice pack application to the stifle
of dogs resulted in a 56% decrease in local tissue blood flow.8

Reduced tissue metabolism may inhibit the effect of inflamma-
tory mediators and enzyme systems. Because of these effects,
cold therapy is often indicated within the first 48 hours of
injury.

Cyclical rebound vasodilation is another response of cold
therapy.10 Following a minimum of 15 minutes of cold
therapy that results in tissue temperatures of 10–15°C,
cycles of vasoconstriction and vasodilation occur. An
example of this effect is the warm, tingling sensation in one’s
fingers after long-term exposure to cold.

Pain is reduced by mechanisms similar to that described
for heat therapy. Small myelinated nerve fibers are more sen-
sitive to cold therapy and reduce conduction earlier than
similar sized unmyelinated fibers. Application of an ice pack
for 20 minutes over the ulnar nerve in cats reduced nerve
conduction velocity by 29%.9

Indications for cold therapy

Cold therapy is indicated in acute musculoskeletal injuries and
is particularly effective during the first 24–48 hours after
injury.11 Distal limb injuries are the most easily and effectively
treated.

Cold: methods of application

Cold may be applied by ice water immersion, ice packs or cold
packs and Freon or ice water-charged circulating bandages or
boots.

Therapeutic effects of cold occur at tissue temperatures
between 15° and 19°C (59–66°F).1–3 Tissue temperatures of

10°C and less may cause cold thermal damage. Average time
of cold application is 15–20 minutes. Treatments should be
repeated every 2–4 hours during the first 24–48 hours of
injury if the goal is to reduce tissue inflammation and edema.

Cold therapy is effective to a depth of 1–4 cm from the skin
surface, depending on the amount of adipose tissue and the
local blood supply.1–3 Cold treatment is rapid and effective 
in the distal limbs of horses because they lack an adipose
layer and target tissues such as tendons, ligaments and joint 
capsules are close to the skin surface.

Direct contact of ice water with the skin is the most effec-
tive method of cold therapy. In human physical therapy, ice
baths are maintained at temperatures of 13–18°C
(55–64°F).1 In a study of ice water immersion therapy
applied to the metacarpal region of a horse, skin surface tem-
peratures stabilized at 9–10°C approximately 10 minutes
after therapy was started.5 Temperature stabilized at
17–19°C in subcutaneous tissue and at 20–24°C between
the deep and superficial flexor tendons approximately 
10 minutes after therapy was started. Tissue temperatures
had not returned to baseline by 10 minutes after therapy was
stopped.5 Ice water immersion of the equine digit for 
30 minutes resulted in significant decreases in soft tissue
perfusion and laminar temperatures.6

Cold packs saved from shipments of pharmaceutical sup-
plies are easily adapted for therapeutic use. They may be
applied directly to the treatment site or wrapped in a wet or
dry towel and held in place with a bandage. The cold packs
maintain their cold temperatures well and are easily reused.
One disadvantage is that these types of cold packs do not
conform well to the limbs. Even a small air gap between the
pack and the skin often results in subtherapeutic tissue tem-
peratures. The cold packs may be thawed, shaped to the antic-
ipated site using a form such as a cardboard tube or plastic
pipe, and refrozen. Commercial products such as cold leg
wraps have the same gel substance as cold packs. The gel is
formed as a tape that may be wrapped on a limb and held in
place with a wet bandage. Cold packs may be applied for
greater than 30 minutes, but the intensity of cold is less than
that of ice. Cold packs developed primarily for equine use are
also available in sizes that conform specifically to the cannon
bone, carpus or tarsus (Dura*Kold Corporation, Oklahoma
City, OK, USA).

Manipulative therapy

Stretching and massage are physical methods of treatment
that may be applied without the need for sophisticated equip-
ment. Stretching is useful for maintaining or increasing the
range of motion of an injured joint and for increasing a
horse’s flexibility and elasticity to improve performance.
Stretching is especially beneficial following joint injury or
surgery. This technique should not be used on limbs that may
have acute tendon or ligament injuries.

Evaluating the flexibility of a horse’s joints, including
joints of the neck, is often carried out during a lameness or
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neurologic examination. Being familiar with the normal
ranges of motion of these structures is necessary to deter-
mine if there is a restriction in the range of motion.
Comparisons can be made to the contralateral joint or struc-
ture if there is uncertainty.

Limb mobility is usually easy to evaluate during flexion
tests for lameness. Head and neck flexibility may be evaluated
with gentle manipulation using the halter or by encouraging
the horse to reach for a carrot. Evaluation of back and trunk
mobility is described in Chapter 21.

Stretching exercises should begin 24 hours after joint
surgery or after a joint injury, providing that the injury has
been accurately diagnosed. Flex and extend the joint to the
point of mild discomfort and hold at that point for 10–15
seconds. Repeat the sequence up to 12 times twice daily.

Massage may be used to warm muscles prior to exercise
and for soothing tired muscles after exercise. Experience with
human athletes has shown that pre- and postexercise
massage makes athletes more comfortable and helps decrease
stiffness following competition.12

There are variations in massage therapy techniques that
focus on specific mechanisms of action. Trigger point
massage focuses on relaxing tight bands of muscle or fascia
that are sensitive to manipulation, thereby reducing sensitiv-
ity of the affected areas. This type of massage has been found
to reduce heart rate and blood pressure and to significantly
relax human patients.13 The technique also aims to decrease
the sensitivity of active myofascial zones that may cause dis-
comfort in a distant area.14 Acupressure massage results in
stimulation of regions that are connected to Chinese meridi-
ans similar to acupuncture points.15

Massage therapy should be considered palliative. Few of
the claimed advantages of the techniques have been
scientifically evaluated.16 Using a trained therapist with a
close professional relationship with the attending veterinar-
ian is imperative for safe and effective treatment.

Exercise

Controlled exercise regimens may be used during the rehabil-
itation period after injury or surgery. Controlled exercise pro-
tocols have been established for rehabilitation of tendon and
ligament injuries (see Chapter 20). Gradually increasing the
time and intensity level of exercise is beneficial for healing of
soft tissues and bone as both become stronger with use, par-
ticularly in growing horses.17–19 Harness race horses may
enter a controlled exercise program by designating the
number of jogging miles at a given pace for each exercise
session.

Swimming or underwater treadmill exercise is another
method of providing controlled exercise with the advantage
of minimal concussion. These methods spare the muscu-
loskeletal system, but enhance cardiorespiratory fitness.
Swimming should not replace conditioning for fitness under
normal weight-bearing conditions. Swimming is also an
excellent method for increasing joint mobility after injury or

surgery. Horses do not use the same muscle groups during
swimming that are used during weight-bearing exercise and
may cause hyperextension of the back muscles.14,20 Because
of this, swimming should be combined with regular ring or
track work to condition the muscles, bones and joints that are
used for normal weight-bearing activities.

Treadmills, although not often readily available, are a good
intermediate step between exercise with minimal concussion
and the horse’s regular exercise. Most treadmills have a
rubber running surface that reduces concussion during
weight-bearing exercise. Speed and inclination of the tread-
mill can be adjusted to the level of exercise intensity that is
appropriate for the horse.

Control of the exercise program may be useful during and
after rehabilitation is complete.21 Treadmill exercise was used
in one study to establish a base level of fitness, then regular
track workouts were gradually added.21 Regular exercise over
the track eventually made up 50–70% of the total work for
each horse. Horses trained in this fashion had fewer training
and racing injuries and better race times than conventionally
trained horses.21

Ultimately horses must train under the same conditions
they will encounter in competition. This means that riding or
driving with a gradual increase in duration and intensity of
exercise will be needed. The key to retraining a horse is to
realize that cardiovascular fitness declines significantly after
4–6 weeks of rest22 and that bone strength decreases
significantly within 12 weeks of rest.23 Retraining will result
in noticeable improvement of cardiac measurements within
6 weeks, increased bone mineral density within 161–2 weeks
and tendon dimensions within 16 weeks.18,24,25 Published
studies on bone and tendon response to exercise do not iden-
tify the earliest time that significant strength returns to these
tissues after reintroduction of exercise. Three to 4 months
may be the minimum time required to re-establish mus-
culoskeletal tissue strength following 2 or more months of
complete rest.

Light therapy

Light of any type emits energy, as evidenced by the heat given
off by a light bulb. Specialized sources of light energy have
been used to enhance tissue healing, reduce swelling and
increase local circulation.26–29 Light therapy has also been
used to produce analgesia and to stimulate acupuncture
points.26 Many of these effects have been verified in labora-
tory animal-based research, but other studies have failed to
measure effects of this modality.27–29 Light therapy is not uni-
versally accepted in mainstream veterinary medicine.

Laser is an acronym for Light Amplification by Stimulated
Emission of Radiation. Lasers produce coherent, monochro-
matic light. Indications for laser therapy in equine practice
include tendinitis, desmitis, soft tissue bruising, wounds,
myofascial injuries and burns. Helium-neon, gallium-
arsenide and gallium-aluminum-arsenide are common
sources of laser light used for treatment purposes in equine
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practice.26 Monochromatic infrared light sources have 
also been used to enhance wound healing in humans 
and horses.30 Laser energy at a dose of 2–8 J/cm2 is
recommended for treatment of soft tissue injuries and
0.5–1 J/cm2 is recommended for acupuncture point stim-
ulation.26,31 Treatment protocols are different for each 
device and manufacturers’ instructions should be carefully
followed.

No deleterious effects of light therapy have been reported.
Lasers have the potential to cause eye injury so operators
need to wear eye protection when using certain laser devices
that emit a concentrated, high-power beam.

Extracorporeal shockwave
therapy

A new application of sound wave energy is currently under-
going critical evaluation in clinical and scientific settings.
Extracorporeal shockwave therapy (ESWT) consists of short-
duration (5 �s), high-pressure shockwaves (up to 80 MPa)
that stimulate tissue. Originally these devices were used for
non-invasive lithotripsy of cystic and renal calculi in
humans.32

Focused and non-focused ESWT devices are currently
marketed for use in horses. Reports of positive treatment
effects have been made for both types of devices.32–34 Each
treatment usually consists of 2000 pulses. The intensity of
shockwave therapy is set in a range of 0.9–1.8 mJ/mm2 or
according to the atmospheric pressure at the output probe
(2.5–4 bar), depending on the manufacturer’s recommenda-
tions.32,34 Horses must be sedated and often need to have
regional anesthesia proximal to the site of application. Each
treatment lasts 10–15 minutes and is repeated at 1–4-week
intervals. Treatment protocols require 1–4 separate treat-
ments depending on the nature of the injury and response to
initial therapy.

As the shockwaves pass through tissue interfaces, com-
pression and shear loads occur within the tissues, resulting in
stimulation of healing of bone and soft tissue injuries. Bone
healing and remodeling have been enhanced and an anal-
gesic effect has been noted for 2–4 days following treat-
ment.32,35,36 Use of ESWT to treat arthritis of equine distal
tarsal joints (bone spavin) resulted in improvement of lame-
ness grade in 59 of 74 horses treated.33 Chronic suspensory
desmitis was successfully treated in 24 of 30 horses after
three ESWT treatments.34

Extracorporeal shockwave therapy is indicated for treat-
ment of tendinitis and insertional desmopathies. Injuries of
the origin or insertion of the suspensory ligament, dorsal 
cortical stress fractures, incomplete fractures of the prox-
imal sesamoid bone(s), arthritis and navicular disease 
have been successfully treated with ESWT.32–34 Continuing
clinical experience and research using this therapeutic
modality will ultimately identify effective applications in the
near future.
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The horse is a magnificent athlete that can run in excess of
30 miles per hour. In order to accommodate the tremendous
oxygen demand of skeletal muscles during such intense exer-
cise, the horse increases its minute ventilation nearly 50-fold.
High airflow rates required to meet this ventilatory demand
are created principally by diaphragmatic contraction, which
produces driving pressures within the upper airway exceed-
ing –30 cmH2O. Because the horse is an obligate nasal
breather and rarely breathes orally, the horse’s upper airway
must quickly prepare for these large changes in airflow and
pressures by dilating and becoming more rigid (less compli-
ant). Such accommodation is achieved by synchronous and
coordinated contraction of upper airway muscles and con-
striction of capacitance vessels within the mucosa of the
upper airway.1,2 These remarkable and somewhat unique
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adaptations of the equine upper airway to exercise are the
subject of this chapter.

Obligate nasal breathing

Teleologically, obligate nasal breathing is thought to be
advantageous to a fight or flight creature, because obligate
nasal breathers can graze and masticate while moving air
through the nasal passages, maintaining olfaction and the
ability to sense predators.3 To accomplish this, the soft
palate is tightly apposed to the base of the larynx, such that
there is no communication between the oropharynx and
the nasopharynx, as exists in people (Fig. 26.1A,B). In
people, the ‘switch point’ from nasal to oronasal breathing
during exercise is determined by the flow resistance in the
nasal airway and the turbulence of the airflow.4 Estimated
airflow rate associated with the switch from nasal to
oronasal breathing is variable and reported to be between
22 and 44 L/min.4–6 Horses maintain nasal breathing, nor-
mally, throughout exercise and rely on capacitance vessel
constriction and contraction of upper airway dilating
muscles to minimize airflow resistance.1 Exactly at what
level of exercise intensity these factors occur in exercising
horses is not known.

Basic upper airway
mechanics

The upper airway begins at the nares and includes the nasal
passages, the nasopharynx, and oropharynx, guttural
pouches, larynx, and trachea. Some segments of the upper
airway, such as the larynx, are supported by cartilage, and
some portions such as the nasal passages, are supported by
bone. The pharyngeal region is formed principally by skeletal
muscle and relies on the contraction of these muscles and
muscles of the hyoid apparatus and tongue for stability.

At rest, the average 450 kg horse breathes 12 times per
minute with a tidal volume of 5 liters and peak inspiratory
flow of 5.09 ± 0.34 L/s, making its resting minute ventilation
approximately 60 L/min.7 During intense exercise, respira-
tory frequency increases to 120 breaths per minute, peak
inspiratory airflow increases to 75 ± 9.35 L/s, tidal volume
increases to 12–15 Ls, and minute ventilation increases to
approximately 1400–1800 L/min.7 All the upper airway seg-
ments are exposed to varying degrees of negative pressure as
the diaphragm contracts during inhalation, creating negative
driving pressure for airflow to the lungs. These pressures
range from –1.9 ± 0.2 cmH2O during normal tidal breathing
to –38.6 ± 3.9 cmH2O while running at speeds that result in
maximal heart rate (HRmax).8 The ratio of the peak pressure
that occurs to produce a given peak airflow is the airway
impedance and impedance is a measure of how the airflow is

opposed by the airway.9 The determinants of airway imped-
ance include resistance, which is dependent on the airway
geometry, and the elastance and inertance of the tissues.9

The most important component of airway impedance is
resistance, which is principally determined by the radius of
curvature of the airway or its diameter. Resistance is defined
by the formula R = (8�l)/�r4, where � is the viscosity of the
air, l is the length of the airway, and r is the radius.10 The vis-
cosity of air does not change and the length of the airway
changes minimally with head and neck flexion and exten-
sion. The diameter of the airway, however, does change
during inhalation and exhalation. In the resting horse, two-
thirds of the total resistance to airflow resides in the upper
airway.1 As the horse inhales, the largest pressure changes
occur at the nares and larynx due to narrowing in these
areas.1 During exercise, upper airway resistance increases to
80% of total airway resistance, because the tissues of the
upper airway tend to collapse dynamically as airway pres-
sures become more negative.1 Positive pressure tends to dilate
the upper airway during exhalation and therefore upper
airway resistance to airflow during exhalation is only 50% of
total expiratory airway resistance.1 Static or dynamic
obstructive airway disease can result in large changes in
airway resistance. For example, if the diameter of the airway
decreases by 20% due to a small amount of granulation
tissue on the left arytenoid cartilage, airway resistance would
double. Therefore, throughout the respiratory cycle, the
horse relies on neuromuscular mechanisms to dilate and sta-
bilize the airway during intense exercise to expand and stabi-
lize the airway in order to accommodate such high flow rates
and pressure changes while minimizing resistance to airflow.

Head position

The position of the horse’s head and neck does affect upper
airway flow mechanics in exercising horses.11 Measurements
of airway mechanics made in six horses with the head and
neck in neutral, extended, and flexed positions confirmed that
head and neck position significantly increases inspiratory
impedance.11 The induced obstruction is typical of a dynamic
upper airway obstruction because inspiratory values but not
expiratory values are altered. Head and neck flexion may
cause the airway to be more compliant, because tissues, such
as the pharyngeal walls and soft palate, bulge into the airway,
or because the nasopharynx shortens with this maneuver.
Horses with most types of obstructive upper airway dysfunc-
tion show more severe signs of respiratory distress and exer-
cise intolerance while exercising with the head and neck
flexed rather than in a neutral or extended position. Posture
or head position alters upper airway muscle activity such that
head flexion, or cervical spine flexion increases genioglossus
nerve activity in other species.12,13 Therefore, altered upper
airway muscle activity may result from postural changes in
head and neck position in exercising horses and these
changes may be due to stimulation of local upper airway
receptors that sense changes in tissue tension, pressure, and
airflow.
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Neuromuscular control of
upper airway function

During intense exercise multiple stimuli trigger contraction of
upper airway dilating muscles, including chemical stimuli
such as hypercapnia and hypoxia, limb movement, central
locomotor-linked cortical influences, receptors located in the
lower airways, and upper airway sensory receptors.14–21

The laryngeal mucosa has an abundant supply of sensory
receptors that control a complex pattern of respiratory
reflexes that influence the patency of the upper airway and
the pattern of breathing.22 These receptors are mechano-
receptors or temperature sensing receptors and include pres-
sure, flow, and drive receptors that line the mucous
membranes and deeper tissues of the nose, nasopharynx, and
larynx.22 They receive afferent innervation from branches of
the trigeminal, glossopharyngeal, and vagus nerves.23,24

Receptors in the nasopharynx are innervated by branches of
the glossopharyngeal and trigeminal nerves.22 These recep-
tors are principally tactile receptors and stimulate the gag
response, important in airway protection.

Especially relevant to dilation and stability of the upper
airway during exercise are the pressure receptors. Pressure
receptors account for 60% of the sensory receptors within the
laryngeal mucosa in horses, which is similar to other
species.22,25 These receptors are innervated by the superior
laryngeal branches of the vagus nerve.23 They are stimulated
during upper airway obstruction, when large collapsing pres-
sures are produced in the upper airway, and they provide affer-
ent information to the central nervous system, signaling
contraction of upper airway muscles to resist dynamic collapse
in the upper airway. For example, studies in dogs, cats, rabbits,
monkeys, and people have shown that reflex augmentation of
muscle contraction by application of negative pressure in the
upper airway occurs in the genioglossus and other tongue
muscles, muscles of the hyoid apparatus, and the soft
palate.16,18–21,26,27 In horses, negative pressure stimulates
increased electromyographic activity in the cricoarytenoideus
dorsalis muscle, the primary laryngeal abductor.25 During
incremental exercise testing the palatinus, palatopharygeus,
hyoepiglotticus, sternohyoideus and sternothyroideus, geniohy-
oideus, and genioglossus muscles all had increasing levels of
electromyographic activity as treadmill speed increased, and
upper airway pressures became more negative.28–30

In species other than horses, it has been noted that the time
of application of negative pressure during the breathing cycle is
an important variable in determining the magnitude of the
response of upper airway muscles. Specifically, upper airway
motor neurons are more responsive during early inspiration to
pressure changes in the airway than during later stages of inspi-
ration.27 The onset of inspiratory upper airway muscle activity
often precedes that of the diaphragm, and is modulated by
chemical drive, and mechanical afferent input from the upper
airways that is, primarily, vagally mediated.31 Many of the
upper airway muscles are maximally active during early to mid
inspiration, with a subsequent decrement in activity during the

remainder of inspiration. Inspiratory activation of upper airway
muscles prior to the diaphragm will dilate or stiffen the upper
airway, promoting upper airway patency, prior to the onset of
inspiratory airflow and hence produce an early inspiratory sta-
bilization of upper airways.31 The degree of negative pressure
established in the upper airway will increase the amount of
muscular preactivation.21

Topical anesthesia of the luminal surface of the larynx or
bilateral superior laryngeal nerve sectioning markedly
reduces the response to changes in upper airway pressure
and upper airway muscle activity in laboratory species and
people.24,32 In horses, topical anesthesia of the laryngeal
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Fig. 26.2
Endoscopic image of the nasopharynx while the nares are
occluded following topical anesthesia of the laryngeal mucosa.
Notice how the nasopharynx collapses, almost forming a
sphincter.

Dorsal nasopharynx

Soft palate

Fig. 26.3
Endoscopic image
of the nasopharynx
during treadmill
exercise (10 m/s)
following topic
anesthesia of the
laryngeal mucosa.
Notice how the
nasopharynx is
collapsing,
obstructing the
view of the
corniculate
processes of the
arytenoids and the
epiglottis.



mucosa results in increased inspiratory upper airway and
nasopharyngeal impedances, and decreased respiratory fre-
quency and minute ventilation.33 The dynamic upper airway
obstruction was caused by nasopharyngeal collapse due to
decreased skeletal muscle support. Following topical anesthe-
sia of the laryngeal mucosa, horses exhibit dorsal displace-
ment of the soft palate and nasopharyngeal collapse during
endoscopic examination at rest (Fig. 26.2) and varying
degrees of nasopharyngeal collapse during incremental
treadmill exercise (Fig. 26.3).33 These results suggest that
local sensory receptors in the upper airway of horses, as has
been shown in laboratory species, contribute to upper airway
patency and that disrupting the sensory component of the
local reflex that controls contraction of upper airway muscles
can cause dynamic upper respiratory obstruction in horses.

Nasal occlusion

Because negative pressure induces contraction of upper
airway muscles, a nasal occlusion test was developed in
horses in order to mimic pressure changes that might occur
during intense exercise to challenge the upper airway with
more negative pressures during resting videoendoscopic
examination. Peak tracheal inspiratory pressure during nasal
occlusion (–24.9 ± 3 cmH2O) is not significantly different
from peak inspiratory pressure while horses exercise at HRmax
(–25.6 ± 2.7 cmH2O), and peak pharyngeal inspiratory pres-
sure is significantly more negative (–28.9 ± 4.9 cmH2O)
during nasal occlusion than while horses exercise at HRmax
(–17.5 ± 2.1 cmH2O).34 These data indicate that nasal occlu-
sion in standing horses results in pharyngeal and tracheal
inspiratory pressures that equal or exceed those that are gen-
erated during exercise at HRmax, making it a potentially useful
test for evaluating the activity of laryngeal and pharyngeal
muscle function. However, anecdotally, horses that exhibit
varying degrees of nasopharyngeal collapse at rest frequently
have normal airway function during treadmill exercise. As
well, horses that readily displace their soft palates at rest fre-
quently displace during treadmill exercise, but the correlation
between displacement at rest and during treadmill exercise is
not a strong one.

Other sensory receptors within the upper airway include
flow and drive receptors. Drive receptors represent 20% of
laryngeal sensory receptors in horses.22,25 These receptors
respond to changes in airway deformation, such as collapse,
muscle contraction and movement of the laryngeal carti-
lages.22 Flow receptors are temperature-sensing receptors.22

These receptors sense cool air temperatures, which occur as
airflow increases. The majority of these receptors are res-
ponsive during inspiration, but some (approximately 20%)
respond during exhalation, and a small population of the
airway sensory receptors is active during both inspiration
and expiration.22

In addition to afferent sensory receptor stimulation in the
upper airway, chemical stimuli such as hypercapnia and
hypoxia also increase the activity of upper airway dilator
muscles.16,17 Horses exercising at HRmax become hypercarbic

(PaCO2 of 50.2 mmHg) and hypoxemic (PaO2 of 56.1 mmHg).35

Hypoxia and hypercarbia stimulate inspiratory and expiratory
motor neuron activity.36,37 The neural mechanism by which
central and peripheral chemoreceptors affect cranial motor
neuron activity and signaling upper airway dilating muscles,
and the role of vagal afferents in these responses are unknown.

Measurement techniques
for upper airway mechanics
in exercising horses

Evaluating upper airway function in exercising horses
requires a combination of qualitative and quantitative meas-
urement techniques. Videoendoscopic evaluation of the
upper airway in exercising horses has proven invaluable in
assessing both normal and abnormal airway function.
Sometimes combined with visual observations of airway
function, upper airway mechanics measurements are made
by measuring airway pressures and airflows. Using the data,
calculations can be made to determine respiratory frequency,
tidal volume, minute ventilation, and impedance. Tidal
breathing flow volume loops can be constructed if airflow is
quantitatively measured and appropriate computer software
is available.38 As well, pressure volume curves can be con-
structed if both airway pressure and tidal volume are meas-
ured, permitting work of breathing to be calculated.10 Muscle
activity can be assessed by measuring the electromyographic
activity of muscles.16–19 Finally, because many upper airway
abnormalities cause the horse to produce unique respiratory
related sounds during exercise, sound analysis can be used to
evaluate upper airway function and dysfunction.39

The goal when measuring tracheal pressures in exercising
horses is to obtain accurate measurements in a minimally
invasive manner. Error in measurements can occur due to the
high tracheal airflow velocities in running horses and the
presence of the measurement apparatus.40 Trancutaneous
placement of tracheal catheters minimizes airflow obstruc-
tion and provides excellent measurement of tracheal static
pressure.41,42 However, percutanous tracheal catheterization,
especially repeated catheterization, causes tissue trauma that
may be unacceptable. Therefore, nasotracheal catheters are
frequently used for measuring tracheal static pressures.40

These catheters are constructed using polyethylene tubing
with a series of side ports created for pressure measure-
ment.40 The catheter is then connected to a differential pres-
sure transducer (Model DP/45, Validyne, Northridge, CA)
and recordings can be made on chart recorders or computers
capable of recording respiratory function measurements.

Airflow can be measured qualitatively or quantitatively.
Qualitative measurement can be performed using temperature
sensors.43 Temperature sensors, such as thermisters can be
placed at the nostril or within the trachea. Respiratory rate and
respiratory:stride coupling can be assessed, but quantitation of
the airflow is not possible. Facemask systems are used to quan-
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titate airflow measurements.43,44 The facemask must cover the
horse’s nose and mouth, be airtight, and allow for unimpeded
nostril dilation. In addition, the mask should be light enough
and comfortable for the horse to wear while running.
Pneumotachographs are instruments used to measure instan-
taneous rate of volume flow of respired gas.43,44 Briefly, the
pneumotachograph is attached to the end of the facemask and
as the horse breathes through the pneumotachograph, it
creates a resistance to airflow. The pneumotachograph is cali-
brated prior to the experiment using a rotameter such that a
given pressure, measured using a pressure transducer, is pro-
portional to the airflow. Therefore, the difference in pressure
measured across the pneumotachograph is proportional to the
airflow rate. A pneumotachograph facemask system imposes
added resistance to airflow, and may alter upper airway pres-
sures, respiratory frequency, ventilation, and respiratory
pattern in exercising horses.45,46 Alternatively, quantitative
airflow measurements can be made by ultrasonic flow determi-
nation, using ultrasonic pneumotachometers.43 These flow
meters impose low resistance and have a high frequency
response, but are prone to baseline drift.43

Pressure and airflow can be recorded on chart recorders or
computers, allowing calculation of various indices that describe
the patterns of the airflow. Peak inspiratory and expiratory pres-
sures and flows are determined by measuring from baseline to
the peak of the curve. Impedance (Z) is calculated by dividing
peak pressure by peak flow. Tidal volume (VT) can be determined
by measuring the area under the airflow curve during exhala-
tion. Respiratory frequency (fR) is determined by counting the
number of breaths per minute. Minute ventilation (V

•

E) is the
product of respiratory frequency and tidal volume. Respiratory
timing can also be determined by measuring the inspiratory
time (TI) and expiratory time (TE) for each breath.10

Tidal breathing flow volume loops can be constructed by
plotting airflow and tidal volume. Indices used to describe the
loop and the pattern of breathing include peak inspiratory
and expiratory flow, and inspiratory and expiratory flows at
various tidal volumes, including 50, 25, and 12.5% of tidal
volume.38 Tidal breathing flow volume loop analysis is a very
sensitive method for detecting airway obstruction in exercis-
ing horses because airflows are so high.38 Pressure volume
curves can also be constructing by plotting pressure and
volume. Work of breathing can then be calculated by deter-
mining the area under the pressure volume curve.10

Sound analysis or spectrum analysis of respiratory sounds
has been used to help identify the source of specific airway
obstructive diseases and to evaluate the effect of various surgi-
cal procedures on airway noise. Respiratory sounds can be
recorded using a dynamic, unidirectional microphone posi-
tioned in front of the horse’s nose.39 Recordings can be made
while the horse exercises freely or on a treadmill. The respiratory
sounds are then analyzed using a computer-based spectrum
analysis program (Spectrogram version 6.0 (shareware), avail-
able at: http://www.monumental.com/rshorne/gram.html).
Spectrograms of horses with laryngeal hemiplegia and dorsal
displacement of the soft palate have been described.39

Electromyographic measurements of muscles can be made
using unipolar or bipolar fine wire or surface electrodes, if the

muscle is superficial. Electromyography provides information
about the timing of muscle activity and relative increases and
decreases in electrical activity, but does not provide information
about muscle lengthening or shortening.47 Sonomicrometry
can be used to assess muscle lengthening and shortening.48

Muscular anatomy and 
function of the upper airway

The nose

The horse’s nose includes the paired external nares, the nasal
cavities, and the paranasal sinuses. The nostril has two com-
partments: a dorsal blind sac called the nasal diverticulum
and the ventral part, which is the true nostril.49 The alar fold
divides the nostril into the dorsal and ventral parts. The nasal
cavity is divided in half by the nasal septum and vomer bone.
Each nasal cavity has a dorsal and ventral nasal concha,
which divide the cavity into dorsal, ventral, middle, and
common meatus (Fig. 26.4).49 The ethmoid turbinates
project from the ethmoid bone in the caudal part of the nasal
cavity (Fig. 26.5). The nasal valve is the narrowest point in
the nasal cavity and, thus, is a major contributor to nasal
resistance.1 This region is caudal to each nostril and immedi-
ately rostral to the nasoincisive notch within the dorsal
meatus. It is bound medially by the nasal septum, ventrally by
the concha, and dorsolaterally by the skin and dorsal conchal
fold (Fig. 26.6).49 Expansion of the nasal valve during exercise
occurs by constriction of capacitance vessels and contraction of
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Fig. 26.4
Endoscopic image of the concha and turbinates within the
nasal passage.



muscles that pull the skin taut at the dorsal aspect of the notch.
The respiratory portion of the nasal cavity has a vascular sub-
mucosa, which contains a rich vascular plexus. This plexus is
concentrated on the ventral portion of the nasal septum and
ventral meatus and is important for warming and humidifying
air. The capacitance blood vessels in the airways, especially
those lining the nasal mucosa, are innervated by sympathetic,
parasympathetic, and peptidergic systems that regulate blood
flow.50 This extensive vasculature is responsible for warming
and humidifying inspired air. When these vessels are dilated, the
sinuses and nasal passages become engorged with blood, result-
ing in airway narrowing and increased airway resistance. Such
nasal congestion is a cause of airway obstruction and poor
performance in horses with Horner’s syndrome. During exer-
cise, sympathetic stimulation causes vasoconstriction, increas-
ing airway dimensions and decreasing resistance to airflow.50

In obligate nasal breathers such as the horse, increasing
nasal patency during exercise is critical to minimizing work of
breathing. At rest, the horse’s nostril is shaped like a comma,
but as the horse increases its respiratory effort the nostril
dilates and becomes circular in shape. Horses can actually
decrease their nasal resistance during exercise by increasing
nasal volume and flaring their nostrils. Nostril dilation is
accomplished by the contraction of four different muscles
(Fig. 26.7).49 Contraction of the lateralis nasi dilates the
nostril, rotates the conchal cartilages laterally, and expands
the nasal vestibule, which forms the floor of the nasal valve.49

Other muscles involved in dilatation of the nostrils include
the caninus, dilator naris apicales, and levator nasolabialis.
Contraction of the caninus or dilator naris lateralis muscle
helps expand the lateral aspect of the nostrils.49 Dilator naris
apicales is an unpaired muscle that lies between the nostrils
and aids in dilatation of the nostrils.49 Levator nasolabialis
dilates the nostrils and also elevates the maxillary lip and
commissures.49 Horses with dysfunction, weakness, or lack
of contraction of one or more of these muscles will likely
have dynamic nasal obstruction that may limit performance.

The nasopharynx

The nasopharynx is a musculomembranous unit that functions
during breathing, deglutition, and vocalization and connects
the nasal cavity to the larynx. It is attached to the pterygoid,
palatine, and hyoid bone, and to the arytenoid, cricoid, and
thyroid cartilages by nasopharyngeal muscles that cause pha-
ryngeal dilation and constriction.51 The nasopharynx is not
directly supported by cartilage or bone, yet contraction of these
pharyngeal muscles allows the nasopharynx to withstand large
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changes in intraluminal pressures that occur during tidal
breathing at rest and during exercise. Such activation of these
muscle groups is synchronous with breathing and this syn-
chronization is coordinated by multiple stimuli.17,27 These same
muscles are also important during deglutition. This dichotomy
of action, contracting the pharyngeal walls during swallowing
and dilating the airway during breathing, seems contradictory.
But these muscles are uniquely situated to perform both activi-
ties, because the pharynx is a conduit for both food and air.
Muscles responsible for altering the size and configuration of
the nasopharynx include the muscles that alter the shape and
position of the tongue, the muscles that control the position of
the hyoid apparatus, a constrictor group of muscles located in
the dorsal pharynx, and a group of muscles that regulate the
position of the soft palate.

Soft palate

The soft palate completely divides the pharynx into nasal and
oral compartments in the horse. Because the horse is an obli-
gate nasal breather, it is critically important that the soft palate
remains ventral to the epiglottis, except during swallowing, to
allow unimpeded nasal breathing. The soft palate extends cau-
dally from the hard palate to the base of the larynx and consists
of the oral mucous membrane, which contains ductile open-
ings of the palatine glands, the palatine glands, the palatine
aponeurosis, palatinus and palatopharyngeus muscles, and
the nasopharyngeal mucous membrane.51 The caudal free
margin of the soft palate continues dorsally, on either side of
the larynx, forming the lateral pillars of the soft palate. These
pillars unite dorsally, forming the posterior pillar of the soft
palate or the palatopharyngeal arch.

The position of the soft palate is determined by the coordi-
nated activity of groups of antagonistic muscles which
include the levator veli palatini, tensor veli palatini, palati-
nus, and palatopharyngeus muscles (Fig. 26.8).52,53 The levator

veli palatini muscle attaches to the petrous part of the temporal
bone and the lateral lamina of the guttural pouch. It travels
along the lateral wall of the nasopharynx and terminates
within the soft palate. A branch of the pharyngeal branch of
the vagus nerve innervates this muscle.51 It acts to elevate the
soft palate during swallowing and vocalization. The action of
the levator veli palatini muscle can be seen during endoscopic
examination of the upper airway when the gag reflex is stimu-
lated (Fig. 26.9). A ‘sling’ forms within the nasopharynx as the
nasopharynx contracts into a sphincter.

The tensor veli palatini is a flat, fusiform muscle that, like
the levator, attaches to the petrous part of the temporal bone,
the pterygoid bones, and the lateral lamina of the guttural
pouch.51 Its tendon is reflected around the hamulus of the
pterygoid bone, where it is lubricated by a bursa. The tendon
then ramifies in the palatine aponeurosis.51 It receives motor
innervation from the mandibular branch of the trigeminal
nerve. Contraction of this muscle tenses the palatine aponeu-
rosis and, therefore, the rostral portion of the soft palate, and
depresses this portion of the soft palate toward the
tongue.51–53 Contraction of the tensor veli palatini muscle
also aids in opening the pharyngeal opening of the guttural
pouch.54 Bilateral transection of the tendon of the tensor veli
palatini muscle in horses causes instability of the rostral
portion of the soft palate resulting in inspiratory obstruction
during intense exercise (Fig. 26.10A–C).55 The rostral
portion of the soft palate is more compliant and its action
dependent on airway pressures, such that during inspiration
the rostral portion of the soft palate billows dorsally in the
airway and during expiration it is depressed toward the
tongue by the positive pressure within the airway.55

The palatinus muscle (uvula retractor muscle) consists of
two fusiform muscles that lie on either side of midline of the
soft palate, beneath the nasopharyngeal mucosa, extending
caudally from the hard palate.51 The muscles attach to the
caudal aspect of the palatine aponeurosis and terminate near
the caudal free margin of the soft palate. A small muscle
bundle arising from the lateral aspect of each muscle contin-
ues a short distance caudodorsally into the palatopharyngeal
arch.51 It receives motor innervation from a branch of the
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Endoscopic image
of the
nasopharynx
during a ‘gag’
reflex. Notice the
‘sling’ formed by
partial
contraction of
the levator veli
palatini muscles
(arrow).

Palatine aponeurosis

Oropharyngeal mucosa

Palatinus muscle

Tensor veli
palatini muscle

Glandular layer

Hamulus of
pterygoid bone

iLevator vel
palatini muscle

Palatopharyngeus
muscle

Nasopharyngeal 
mucosa

Fig. 26.8
Illustration of the muscles of the soft palate.



pharyngeal branch of the vagus nerve.51 Contraction of the
palatinus muscle shortens the soft palate.51–53

The palatopharyngeus muscle originates from the palatine
aponeurosis and the lateral border of the palatinus muscle.51

It travels caudally along the lateral wall of the nasopharynx
to the pharyngeal raphe, forming part of the superior con-
strictor muscle group. A branch of the pharyngeal branch of
the vagus nerve innervates it.51 Contraction of this muscle
shortens the soft palate and draws the larynx and esophagus
toward the root of the tongue.

Contraction of both the palatinus and palatopharyngeus
muscles shortens the soft palate and depresses the caudal
portion toward the tongue.52,53,56 Both the palatinus and

palatopharyngeus muscles receive efferent motor innerva-
tion from the pharyngeal branch of the vagus nerve.51 This
nerve branches from the parent vagus nerve at the level of
the cranial cervical ganglion and courses cranioventrally
along the medial wall of the guttural pouch to the dorsal wall
of the pharynx where it ramifies in the pharyngeal plexus.
Bilateral local anesthesia of the pharyngeal branches of the
vagus nerve induced persistent dorsal displacement of the
soft palate and dysphasia in horses.57 Horses can become dys-
phasic, with or without persistent soft palate dysfunction, fol-
lowing guttural pouch lavage with caustic solutions, guttural
pouch empyema, trauma, or mycosis.58,59 Based on this infor-
mation, there was convincing evidence to suggest that dys-
function of the neuromuscular group, including the
pharyngeal branch of the vagus nerve, palatinus and
palatopharyngeus muscles, might be involved in the patho-
genesis of intermittent dorsal displacement of the soft palate
in exercising horses.

Electromyographic measurements of the palatinus and
palatopharyngeus muscles in normal horses exercising on a
treadmill showed that these muscles are active, synchronous
with respiration, and their activity increases as exercise
intensity and inspiratory pressures increase (Fig. 26.11).60

Phasic expiratory activity of the palatinus muscles increases
310 ± 67%, whereas phasic expiratory activity of the
palatopharyngeus muscles increases 120 ± 30% as the tread-
mill speed increases from 6 m/s to 13 m/s (or until exhaus-
tion).60 Palatinus muscle EMG activity is diminished in horses
with dorsal displacement of the soft palate and does not
significantly increase as treadmill speed increases.60

The palatinus muscle is composed of principally type IIA
fast twitch fibers (5–25% type I and 75–95% type IIA) with
darkly staining mitochondria, which suggests that these
fibers have increased endurance relative to most skeletal
muscle fast-twitch fibers.61 The palatopharyngeus muscles
are also principally composed of type IIA fibers (10–25% type
I and 75–90% type IIA fibers).61 Pathologic abnormalities are
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bilateral tensor veli
palatini tenectomy.
Notice how the
rostral portion of
the soft palate
billows dorsally
into the airway.
(C) Endoscopic
image of the
nasopharynx during
treadmill exercise
following bilateral
tensor veli palatini
tenectomy. Notice
how the rostral
portion of the soft
palate collapses
dorsally into the
airway.

Fig. 26.11
Raw and moving time average electromyographic activity
tracings of the palatinus and palatopharyngeus muscles during
treadmill exercise and during recovery.
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also observed in the palatinus muscle of horses with inter-
mittent dorsal displacement of the soft palate (DDSP). These
abnormalities are consistent with chronic denervation and
include fiber type grouping, mild atrophy, moth-eaten fibers
and target fibers (Fig. 26.12A–D).61

Muscles of the hyoid apparatus

The hyoid apparatus in horses consists of an assembly of
bony rods, some of which articulate together.62 Several
muscles are attached to this apparatus, and the contraction
of theses muscles alters the shape and position of the appara-
tus, which in turn, changes the position and shape of the
larynx and nasopharynx.63,64 The hyoid apparatus consists of
the paired stylohyoid, epihyoid, ceratohyoid, thyrohyoid
bones, and the central basihyoid bone (Fig. 26.13). The stylo-

hyoid bone articulates with the petrous part of the temporal
bone, allowing the stylohyoid bones to move cranial to
caudal, in a pendulous manner. The ceratohyoid bone
attaches to the distal end of the stylohyoid bone (by way of
the epihyoid bone), and movement at this articulation length-
ens the stylohyoid–ceratohyoid unit (Fig. 26.14). The base 
or root of the tongue is attached to the lingual process of
the basihyoid bone. The tongue is located on the floor of
the mouth between the rami of the mandible. The base of the
tongue is attached to the hyoid apparatus, soft palate, and
pharynx.51 Folds of mucous membrane pass dorsally on
either side of the base of the tongue to form the palatoglossal
arches, which attach the tongue to the soft palate.51 The
genioglossus, hyoglossus, and styloglossus muscles are
extrinsic muscles of the tongue that, in part, control the
position and function of the tongue and provide attachments
to the hyoid apparatus.51
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(A) H&E stained section of the palatinus
muscle from a normal horse. (B). H&E
stained section of the palatinus muscle
from a horse with intermittent dorsal
displacement of the soft palate. Notice the
increased amount of connective tissue
(light pink) and tissue degeneration.
(C). NADH stained section of the palatinus
muscle from a normal horse.
(D). NADH stained section of the palatinus
muscle from a horse with intermittent
dorsal displacement of the soft palate.
Notice the moth-eaten fibers and areas of
increased amounts of connective tissue.
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The genioglossus is a fan-shaped muscle that lies within
and parallel to the median plane of the tongue.51 The
genioglossus muscle originates from the medial surface of the
mandible, just caudal to the symphysis, and is innervated by
the medial branch of the hypoglossal nerve.51 A large tendon
runs throughout the muscle. Muscle fibers radiate rostrally
toward the tip of the tongue, dorsally, and distally toward the
root of the tongue. The hyoglossus is a flat wide muscle that
lies in the lateral portion of the root of the tongue.51 The hyo-
glossus originates from the lateral aspect of the basihyoid
bone and from portions of the stylohyoid and thyrohyoid
bones and is innervated by the lateral branch of the hyop-
glossal nerve.51 The styloglossus muscle originates at the
distal lateral aspect of the stylohyoid bone and travels the
length of the tongue, along its lateral aspect.51 Near the tip of
the tongue the paired muscle meets and ramifies with fibers of
intrinsic tongue muscles. Styloglossus contraction retracts
the tongue. Contraction of the genioglossus muscle protracts
the tongue and pulls the basihyoid bone rostrally.
Genioglossus also acts with the hyoglossus muscle to depress
and retract the tongue. Hyoglossus and genioglossus activity
are synchronous with respiration and activity of these
muscles correlates well with increases in pharyngeal airway
size during breathing.63–68 Hypoxia, hypercapnia, and airway
occlusion caused parallel increases in electrical activity of the
protrudor and retractor muscle of the tongue, consistently
inducing net retraction and depression of the tongue,
improved airflow function and enhanced pharyngeal stabil-
ity.64,65 Therefore, it seems that tongue depression may be the
critical force needed to dilate and stabilize the nasopharynx.

Many horses perform or race with their tongues tied to the
mandible or out of the mouth to stop the horse from getting
the tongue over the bit, and in an attempt to improve per-
formance, decrease airway noise, and improve airway func-
tion. Tying the tongue out of the horse’s mouth does not
influence the position of the hyoid apparatus or dimensions of
the nasopharynx in anesthetized horses (Fig. 26.15A,B).69,70

In addition, application of a tongue-tie does not alter airway

mechanics in normal, exercising horses, suggesting that appli-
cation of a tongue-tie does not improve upper airway function
or alter position of the hyoid apparatus in normal horses.69,70

The passive action of pulling the tongue out of the horse’s
mouth is very different from active muscle contraction. Also,
the tongue-tie may cause protrusion of the tongue but not
depression of the tongue, and depression of the tongue may
indeed be the critical action of the extrinsic tongue muscles
that creates upper airway stability and dilation.

Other muscles that attach to the hyoid apparatus include
the geniohyoideus, sternohyoideus and sternothyroideus,
omohyoideus, and thyrohyoideus. The geniohyoideus muscle
is a fusiform, paired muscle that lies on the ventral surface of
the tongue.71 The geniohyoideus originates from the medial
surface of the mandible (near the genioglossus’ origin)
caudal to the symphysis and inserts on the basihyoid bone.
The hypoglossal nerve innervates it, and its action is thought
to move the hyoid bone rostrally.71 The omohyoideus, ster-
nohyoideus and sternothyroideus muscles are accessory res-
piratory muscles that insert on the manubrium and extend
cranially. The sternothyroideus inserts on the caudal abaxial
aspect of the thyroid cartilage, and the sternohyoideus inserts
on the basihyoid bone and the lingual process of the hyoid
apparatus. Contraction of these muscles results in caudal
traction of the hyoid apparatus and larynx, resulting in dila-
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Fig. 26.14
Illustration showing the effect of various muscles on hyoid
length and position.
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Fig. 26.15
(A) Computed
tomographic image
of the hyoid
apparatus of a
horse with its
tongue tied out of
its mouth under
general anesthesia.
(B) Computed
tomographic image
of the hyoid
apparatus of a
horse under
general anesthesia
with the tongue in
a neutral position.



tion of the upper airway.71 These muscles are innervated by
branches of the first and second cervical nerves.71 Both the
sternothyroideus and sternohyoideus muscles are sometimes
transected as palliative therapy for horses with dorsal dis-
placement of the soft palate. Following myectomy, transla-
ryngeal and tracheal inspiratory pressures and resistance
measurements increase, suggesting that these muscles may
act to dilate and stabilize the nasopharynx in normal
horses.72 The effects of myectomy on airway mechanics in
horses with upper airway obstructive disease are yet
unknown. The omohyoideus muscles originate on the sub-
scapular fascia near the shoulder joint and also insert on the
basihyoid bone and the lingual process of the hyoid appara-
tus. Contraction of these muscles results in caudal traction of
the hyoid apparatus and tongue movement other than retrac-
tion.73 The omohyoideus muscles are innervated by branches
of the first and second cervical nerves. The omohyoideus
muscles have also been transected for treatment of soft palate
displacement in conjunction with the sternohyoideus and
sternothyroideus muscles but no experimental data exist to
investigate the result of omohyoid transection alone or in
conjunction with the sternohyoideus and sternothyroideus
muscles in horses during exercise.74

The thyrohyoideus is a flat rectangular muscle attached to
the lateral surface of the thyroid cartilage lamina that inserts
on the caudal part of the thyrohyoid bone.71 It is innervated
by the hypoglossal nerve and moves the hyoid bone caudally
or the larynx rostrally and dorsally.71 In studies evaluating
the electromyographic activity of some ‘extrinsic’ nasopha-
ryngeal muscles during exercise, Ducharme and co-workers
observed decreased thyrohyoideus muscle activity prior to
soft palate displacement in one horse. Investigations by
Tsukroff et al75 reveal that transection of a combination of
the following muscles results in dorsal displacement of the
soft palate in horses: thyrohyoideus, omohyoideus, sternohy-
oideus and hyoepiglotticus muscles.75 The displacement
observed was associated with a more caudal positioning of
the basihyoid bone. In subsequent studies thyrohyoideus
muscle resection caused intermittent dorsal displacement of
the soft palate in exercising horses.76 As well, thyrohyoideus
muscle prosthesis, created by placing a suture through the
basihyoid bone and the thyroid cartilage, alleviates dorsal
displacement of the soft palate.76 These data clearly suggest
that thyrohyoideus muscle dysfunction is the likely etiology of
intermittent dorsal displacement of the soft palate in horses.

Dorsal pharyngeal constrictors

The action of the dorsal pharyngeal constricting muscles
and the stylopharyngeus muscle is responsible for stiffening
and dilating the nasopharynx.77–80 The inferior pharyngeal
constrictor (thyropharyngeus muscle), middle pharyngeal
constrictor (hyopharyngeus muscle), and superior pharyn-
geal constrictor (palatopharyngeus and pterygopharyngeus
muscles) form the dorsal and caudolateral pharyngeal
walls.78,79 Contraction and shortening of these muscles
forms a sphincter, moving the food bolus caudal into the
esophagus during swallowing. During breathing, these

muscles have tonic and phasic expiratory activities, which
helps to support the nasopharynx.79,80 The major dilating
muscle of the dorsal nasopharynx is the stylopharyngeus
muscle.79 This muscle originates on the axial aspect of the
distal portion of the stylohyoid bone and courses rostroven-
trally to ramify in the wall of the dorsal nasopharynx, by
passing between the pterygopharyngeus and palatopharyn-
geus muscles (Fig. 26.16A,B). Contraction of the stylopha-
ryngeus muscles pulls the pharyngeal wall dorsally, to
receive the bolus during swallowing.81 In a similar manner,
during breathing, contraction of the stylopharyngeus
muscle pulls the nasopharyngeal wall dorsally, thereby sup-
porting the dorsal wall of the nasopharynx and preventing
dynamic collapse of this area during inspiration.82 The glos-
sopharyngeal nerve provides motor innervation to the sty-
lopharyngeus muscle.81 Bilateral glossopharyngeal nerve
anesthesia produces stylopharyngeus muscle dysfunction,
dorsal pharyngeal collapse both during nasal occlusion and
exercise, and airway obstruction in horses (Fig.
26.17A,B).83 Therefore, the stylopharyngeus muscle is an
important nasopharyngeal dilating muscle in horses and
dysfunction of this muscle may be implicated in clinical
cases of dorsal nasopharyngeal collapse.83
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The larynx

The larynx forms the communicating channel between the
pharynx and the trachea and functions during breathing,
vocalization, and deglutition. The larynx is composed of car-
tilage and muscle and is covered with a mucous membrane.
The laryngeal cartilages include the cricoid, thyroid, and
epiglottic cartilages, which are unpaired, and the arytenoid
cartilages, which are paired.84 The cricoid cartilage is shaped
like a signet ring and is positioned rostral to the first tracheal
ring and connected to the trachea by the cricotracheal mem-
brane. The thyroid cartilage is the largest of the laryngeal
cartilages and is situated just rostral to the cricoid cartilage.84

The arytenoid cartilages form the dorsal border of the rima
glottidis. They are triangular in shape with a dorsal muscular
process, which serves as the origin for the cricoarytenoideus
dorsalis muscle, a ventral vocal process serving as the attach-
ment of the vocal ligament, and the rostral apex which forms
the corniculate process.84 The arytenoid cartilages are posi-
tioned on either side of the cricoid cartilage and are con-
nected to it by the cricoarytenoid articulations. The
articulation is a diarthrodial joint that allows the arytenoid
cartilage to rotate dorsolaterally during abduction and
axially during adduction.84 The mucous membrane covering
the epiglottic cartilage reflects off the lateral border of the

epiglottis and blends with the mucous membrane covering
the corniculate processes of the arytenoid cartilages, forming
the aryepiglottic folds. The mucous membrane covers the
vocal ligament, forms the vocal folds, and lines the lateral
ventricles, forming the laryngeal saccules (Fig. 26.18). These
saccules are 2.5 cm deep with a capacity of 5 to 6 ml. They
extend between the medial surface of the thyroid cartilage
and the ventricularis and vocalis muscles.

The intrinsic laryngeal muscles produce changes in
caliber of the rima glottidis by abducting and adducting the
corniculate processes of the arytenoid cartilages and the
vocal folds and hence altering airway resistance. These
actions are accomplished by the contractions of the intrinsic
laryngeal muscles. The cricoarytenoideus dorsalis is the prin-
cipal abductor muscle that widens the laryngeal aperture by
abducting the corniculate process of the arytenoid cartilage
and tensing the vocal folds. The thyroarytenoideus, ary-
tenoideus transversus, and the cricoarytenoideus lateralis
muscles adduct the corniculate processes of the arytenoid
cartilages, narrowing the rima glottidis and protecting the
lower airway during swallowing.84 The cricothyroideus
muscle receives efferent motor innervation from the external
branch of the superior laryngeal nerve, a branch of the vagus
nerve, while all other intrinsic laryngeal muscles receive
motor innervation from the recurrent laryngeal nerve, which
is also a branch of the vagus nerve.84 Crushing or transection
of the left recurrent laryngeal nerve, or perineural anesthesia
of the left recurrent laryngeal nerve, results in grade IV
laryngeal hemiplegia in horses.85 However, following experi-
mental crush of the left recurrent laryngeal nerve in ponies,
reinnervation of some intrinsic laryngeal muscles is
evident.85 In ponies, recovery of movement of the vocal folds
occurred between 2.5 and 8 months, following recurrent
laryngeal nerve crush.85 Electromyographic examinations of
the laryngeal muscles and microscopic evaluation of the
muscles and the recurrent larygneal nerve reveal that return
of function is due to reinnervation.85 At times, there is evi-
dence of aberrant reinnervation in abductor and adductor
muscles.85
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The epiglottis is principally composed of elastic cartilage
and rests on the dorsal surface of the body of the thyroid car-
tilage and is held there by the thyroepiglottic ligaments. The
position of the epiglottis is controlled by the position of the
larynx, and hyoid apparatus, and by contraction of the hyo-
epiglotticus muscle, which is the only muscle that attaches to
the epiglottis.84 The hyoepiglotticus is a bilobed extrinsic
laryngeal muscle that originates on the basihyoid bone in
horses, and inserts on the ventral body of the epiglottis.84 In
horses, contraction of the hyoepiglotticus muscle pulls the
epiglottis toward the basihyoid bone, depressing it against the
soft palate, enlarging the airway.28 The hyoepiglotticus
muscle has respiratory-related electromyographic activity in
horses that increases with exercise intensity and breathing
effort.28 Furthermore, electrical stimulation of the hyo-
epiglotticus muscle depresses the epiglottis ventrally against
the soft palate, changing the conformation of the epiglottis in
some horses (Fig. 26.19A,B).28 The hyoepiglotticus muscle is
likely an upper airway dilating muscle, which functions to
enlarge the airway, thereby decreasing airway resistance in
exercising horses. In addition to dilating the aditus laryngis,
contraction of the hyoepiglotticus muscle stabilizes the
epiglottis during inspiration, preventing its prolapse through
the rima glottidis. Retroversion of the epiglottis is described
clinically in exercising horses and can be created experimen-
tally by anesthesia of the hypoglossal nerves.86,87 Blockade of
these nerves creates hyoepiglotticus dysfunction, and dys-
function of other hyoid muscles including geniohyoideus and

genioglossus, and suggests that the clinical problem may be
due to paresis of the hyoepiglotticus muscle or other muscles
involved in controlling the position of the basihyoid. Active
control of epiglottis position by the hyoepiglotticus muscle
apparently stabilizes the epiglottis and vigorous recruitment
of the muscle activity during inhalation dilates the airway
and maintains the nasal breathing route in horses during
intense exercise. Conformational changes in the epiglottis
that occur during exercise, respiratory stimulation, sedation,
or nasal occlusion may not be abnormal, but may be the
result of normal activity of the hyoepiglotticus muscle.

Guttural pouches

Physiology

The guttural pouch, or diverticulum of the auditory tube, is
unique to the horse and other Perissodactyla. Each pouch has
a volume of 300 to 500 mL and communicates with the
nasopharynx through the pharyngeal opening of the audi-
tory tube. The guttural pouch is lined with a thin mucous
membrane composed of pseudostratified, ciliated epithelium
interspersed with goblet cells.88 Mucous glands and lym-
phatic nodules are found deep to the epithelial layer. Various
immunoglobulin isotypes, including IgGa, IgM, and IgA,
have been detected in the guttural pouch mucosa, sub-
mucosa, and lymph nodules, suggesting that the guttural
pouch has phylactic ability.89

Recently, investigators determined that the equine gut-
tural pouches function during selective brain-cooling to
maintain blood carried by the internal carotid arteries at a
temperature below the core body temperature during hyper-
thermia, induced by exercise.88 Blood is supplied to the brain,
principally, by the internal carotid arteries, with contribu-
tions from the cerebral and occipital arteries. The extracra-
nial portion of the internal carotid artery travels through the
medial compartment of the guttural pouch. The temperature
of the air within the guttural pouch was fairly constant 
(37.5 ± 0.05°C) during exercise, and was responsible for
cooling the blood within the internal carotid artery by 2°C.88

The heat transfer from the internal carotid artery to the gut-
tural pouch was minimal at rest but became more efficient
with exercise.88 Therefore, the function of the guttural
pouches in the horse seems to be to cool the brain during
periods of hyperthermia.89

Because of the position of the nasopharyngeal openings of
the guttural pouches, changes in nasopharyngeal pressures
during inspiration and expiration also affect pressures within
the guttural pouches.90 When airflow through the naso-
pharynx is 0 L/s the pressure within the guttural pouches is
negative, similar to measurements made in the middle ear 
of humans.90 After swallowing the nasopharyngeal aper-
ture opens and pressures within the guttural pouches
equilibrate with the nasopharynx. Both at rest and during
exercise the guttural pouch static pressures are similar to
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nasopharyngeal pressures, but slightly out of phase with the
respiratory cycle.90 Movement of the head, chewing, snort-
ing, or swallowing causes changes in pressures simultane-
ously in both guttural pouches. Therefore, the elevated
compliance of the guttural pouch makes it susceptible to
pressure changes in the nasopharynx associated with airflow
but also with head movement.90

Anatomy

The openings of the guttural pouches are within the
nasopharynx. The floor of the pouches forms the dorsal
aspect of the nasopharynx, and the caudal extent of the gut-
tural pouch is at the level of the parotid salivary glands. The
guttural pouches are bordered dorsally by the base of the
skull and the atlas, ventrally by the nasopharynx and rostral
esophagus, medially by the longus capitis muscle, the rectus
capitis ventralis muscle and the median septum, and laterally
by many blood vessels and muscles, including the digastric
muscles. Retropharyngeal lymph nodes can be identified
beneath the guttural pouch membrane on the floor of the
medial compartment (Fig. 26.20).

The guttural pouch is divided into medial and lateral com-
partments by the stylohyoid bone. The caudal portion of the
stylohyoid bone articulates with the petrous temporal bone at
the base of the skull (Fig. 26.21). Cranial nerves VII (facial)

and VIII (vestibulocochlear) exit the cranium near this artic-
ulation. The opening from the middle ear into the guttural
pouch is with the dorsolateral compartment, near the articu-
lation of the stylohyoid and petrous temporal bones. The
medial compartment is approximately twice as large as the
lateral compartment and cranial nerves IX (glossopharyn-
geal), X (vagus), XI (accessory), and XII (hypoglossal), the
sympathetic trunk, the cranial cervical ganglion, and the
internal carotid artery lie beneath the lining of the medial
compartment (Figs 26.22 and 26.23). Cranial nerve X, the
sympathetic trunk, and the cranial cervical ganglion are
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closely associated with the internal carotid artery. The pha-
ryngeal branch of X is given off near the cranial cervical gan-
glion and can be seen as it runs rostroventrally in the guttural
pouch toward the wall of the dorsal pharynx, where it
ramifies with the pharyngeal branch of IX in the pharyngeal
plexus. The pharyngeal branch of IX can be identified as it
runs rostrally across the ventral aspect of the stylohyoid bone
(Fig. 26.24). The maxillary artery is a continuation of the

external carotid artery, beyond the origin of the superficial
temporal artery, and runs dorsally in the lateral compart-
ment of the guttural pouch. The maxillary vein can be seen
lateral to and slightly deep to the external carotid artery. A
portion of the digastric muscle can be seen along the ventro-
lateral wall of the lateral compartment (Fig. 26.25). The
levator veli palatini and the tensor veli palatini muscles arise,
partially, from the lateral lamina of the auditory tube, and
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can be seen within the pouch, as they pass rostrally and ven-
trally along the lateral lamina, the wall of the nasopharynx,
to the soft palate. At the most caudal aspect of the guttural
pouch, the occipital condyle can be seen.
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Redundant alar folds (alar
fold collapse)

● The alar fold is formed by a thick fold of skin and mucous
membrane extending rostrad from the ventral nasal
concha.1

● Redundant alar folds are an uncommon cause of exercise
intolerance and respiratory noise in performance horses.2,3

● The diagnosis is made by securing the alar folds dorsally to
document decreased respiratory noise and improved exer-
cise intolerance.2

● Treatment includes tying the alar folds out of the airway
during exercise or alar fold resection.2,3

Recognition

History and presenting complaint

Most horses with redundant alar folds make an expiratory
fluttering noise during exercise and may be exercise intoler-
ant. Horses exhibit no clinical signs at rest.2

Physical examination

No abnormalities are apparent at rest.

Special examination

Other causes of respiratory noise and exercise intolerance
should be eliminated by performing an endoscopic examina-
tion of the upper airway and evaluating both nasal passages.
Confirmation that redundant alar folds are the cause of the
airway noise is made by placing a temporary suture through
the skin of each nostril, the alar folds, and tying it over the
bridge of the nose while the horse exercises (Fig. 27.1).2 The
alar folds may also be held out of the nasal passage manually
or with clips. Alleviation of the upper airway noise suggests
that redundant alar folds are the cause.2

Upper airway obstructive diseases can limit athletic per-
formance by decreasing minute ventilation, exacerbating
exercise-induced hypoxemia, decreasing maximal oxygen
consumption and increasing airway resistance. Such lesions
can be dynamic and only apparent during exercise, or static
and evident at rest. In concert with a complete history, sig-
nalment, and physical examination, endoscopic examination
of the upper airway, both at rest and during treadmill exer-
cise, will establish the etiology of the airway obstruction. 
In addition, imaging modalities such as radiography, 
ultrasonography, computed tomography, sound analysis, 
and nuclear medicine can be valuable in diagnosing 
performance-limiting lesions of the upper airway.
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Laboratory examination

None is indicated.

Diagnostic confirmation

Absence of noise and improved exercise tolerance during
exercise with the alar folds secured out of the nasal passage

confirms the diagnosis.2,3 Differential diagnoses for alar fold
collapse include obstructive airway diseases that cause exer-
cise intolerance and abnormal respiratory noise during exer-
cise (Table 27.1).

Treatment and prognosis

Therapeutic aims

The goal of treatment is to remove or secure the alar folds
during exercise. The alar folds can be tied out of the airway
during exercise or surgically resected.

Therapy

The horse is anesthetized and placed in lateral or dorsal
recumbency. The alar fold is exposed by dilating the nostril or
incising the lateral ala of the external naris. The alar fold is
excised along the lateral margin of the alar cartilage and
nasal septum, ending ventral to the ventral concha.2,3

Usually, 1–2 cm of the cartilaginous portion of the ventral
concha is excised. Hemostasis is achieved by placing ligatures
and apposing the nasal mucosa and the skin of the nasal
diverticulum. If the lateral nasal ala is incised to expose the
alar fold, it is closed in two layers.2,3

Prognosis

Reportedly, respiratory tract noise improves in 71% of horses
following alar fold resection and 88% of horses race after
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Disease Pao
2

Paco
2

TIP TEP Ziu Zeu IF EF RF V
T

V̇
E

Normal132 71.7 54.7 –42.9 9.2 0.53 0.14 80.4 66.6 84 22.2 1858
(1.6) (1.9) (2.8) (3.8) (0.02) (0.06) (4.2) (4.3) (4) (1.6) (109)

Normal51 75 55 –39 12 0.42 0.18 90 91 109 17.1 1690
(2.3) (2.3) (3.3) (1.4) (0.05) (0.02) (5.2) (4.1) (11.7) (1.7) (130)

Pharyngeal –40.8 22.0 0.73 0.46 54.2 55.6 76 16.8 1159.4
collapse131 (4.4) (6.6) (0.02) (0.19) (4.0) (4.1) (4.0) (94.1)

DDSP48 –18.6 36.2 0.41 0.88 44.5 46.7 57 15 875.2
(7.6) (11.3) (0.11) (0.38) (9.0) (10.4) (9.8) (3.31) (114.5)

DDSP51 64 66 –29 35 0.33 0.66 66 69 98 13.6 1265
(3.6) (4.9) (3.4) (6.7) (0.05) (0.11) (3.8) (3.4) (8.2) (2.5) (315)

ILH64 53 58 –59.4 21.3 1.52 0.49 42.6 42.7 70 1106.5
(8.3) (0.47) (9.0) (9) (191.5)

Laryngoplasty 83 39 –45.1 0.82 55.5 77 1211.5
+ ventriculocordectomy64 (8.4) (0.14) (5.0) (20) (95.4)

Arytenoidectomy –40.0 0.81 48.0 1178.5
+ ventriculectomy88 (4.4) (0.10) (2.0) (38.6)

Epiglottic –35.7 13.3 58
retroversion60 (3.80) (2.4) (5)
TIP, tracheal inspiratory pressure (cmH2O);TEP, tracheal expiratory pressure (cmH2O); Ziu, inspiratory impedance (cmH2O/L/s); Zeu, expiratory impedance
(cmH2O/L/s); IF, peak inspiratory flow (L); EF, peak expiratory flow (L); RF, respiratory frequency (breaths/min); VT, tidal volume (L); V̇E, minute ventilation
(L/min); values in parentheses are standard error of the mean.

Table 27.1 Upper airway mechanics measurements and blood gas variables in horses with obstructive upper airway diseases

Fig. 27.1
The nose of a horse with rings through the alar folds.The
string is used to tie the rings together, pulling the alar fold out
of the airway.



surgery.3 Horses with small nares and narrow nasal passages
have a poorer prognosis for performance.2,3

Prevention

There is no known prevention.

Etiology and pathophysiology

Etiology

The etiology of redundant alar folds is unknown, but may
involve narrow nasal passages and inappropriate function of
the transversus nasi muscles.

Pathophysiology

A thick fold of skin forms the alar fold and mucous mem-
brane extending rostrad from the ventral nasal concha.1 The
space dorsal to the alar fold is the false nostril or diverticulum
of the nostril while the true nostril that continues caudally to
the nasal passage is ventral to the alar fold. When the nostril
is dilated, the alar fold is tensed, obliterating the nasal diver-
ticulum.2 Excessive alar fold tissue or inappropriate nostril
dilation may cause the alar fold to collapse across the nostril,
causing airway obstruction and exercise intolerance during
inhalation, and a fluttering noise during exhalation.

Epidemiology

Standardbred horses and American Saddlebreds may be pre-
disposed to this condition.3

Mycotic rhinitis

Recognition

History and presenting complaint

Mycotic rhinitis is rare in horses and occurs most frequently
in warm, humid climates. The most common clinical signs
include nasal discharge that may or may not be foul smelling,
sneezing, and intermittent epistaxis.2,4 Horses with nasal
granulomas may make an abnormal respiratory noise during
exercise and show signs of exercise intolerance. If the fungal
infection is invasive and involves the paranasal sinuses,
extension to the brain and meninges can occur, resulting in
cerebral signs such as depression, dementia, ataxia, and
recumbency.

Physical examination

Horses with mycotic rhinitis generally have nasal discharge
that may be malodorous, and if chronic, they may have

alopecia along the ventral aspect of the affected naris.2 If a
nasal granuloma is causing airway obstruction, decreased
airflow through the affected nostril is detected by holding the
hands over each nostril.

Special examination

Endoscopic examination of the affected nasal passage reveals
fungal plaques or granulomas affecting the mucocutaneous
junction of the nostril, or mucous membrane of the nasal
septum and concha.2,4,5 Ulceration of the mucosa surround-
ing the plaque or granuloma may also be seen.5 If the
primary site of infection is the paranasal sinus region,
exudate at the nasomaxillary opening within the middle
meatus may be evident.

Laboratory examination

Laboratory tests are generally not warranted, but if the infec-
tion is chronic, hyperfibrinogenemia may be detected.

Diagnostic confirmation

The diagnosis of fungal rhinitis is confirmed by biopsy and
culture of the plaque or mass.2–6 Fungi that have been
reported to cause mycotic rhinitis in horses include
Conidiobolus coronatus, Cryptococcus, Rhinosporidium,
Aspergillus fumigatus and A. boydii, Coccidioides, and
Pseudallescheria.2–7 The presence of septate hyphae or fungal
mycelium on cytological examination is indicative of fungal
infection.

Treatment and prognosis

Therapeutic aims

The goal of therapy is to eradicate the fungus from the nasal
passage.

Therapy

Surgical excision of granulomas and topical as well as sys-
temic antifungal therapy are effective in the treatment of
mycotic rhinitis.2 Aspergillus fumigatus is sensitive to
natamycin solution applied topically.4 Nystatin can be added
to the natamycin and used topically or intralesionally.4 Oral
itraconazole, 3 mg/kg, orally, twice daily, for 3.5 to 4 months
also results in the resolution of Aspergillus sp. infection.6

Topical and intralesional injection of amphotericin B and
intravenous sodium iodide or oral potassium iodide is used to
treat Conidiobolus coronatus infection, but recurrence has
been reported.5

Prognosis

Mycotic rhinitis due to Aspergillus sp. resolves with treatment
and recurrence is low.2,4,6 Conidiobolus coronatus resolves with
surgical and medical treatment, but does recur.5,6
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Cryptococcus sp. is an invasive fungus that can infect the
paranasal sinuses and invade the brain and meninges.2,7

Because of the aggressive nature of this fungus, the prognosis
is generally poor for resolution, unless a single, non-invasive
granuloma is excised.2,7

Prevention

No method of prevention is known.

Etiology and pathophysiology

Etiology

Fungi isolated from the nasal cavity of affected horses include
Conidiobolus spp., Cryptococcus spp., Rhinosporidium,
Aspergillus spp., Coccidioides, and Pseudallescheria.2–7

Pathophysiology

Inhalation of fungal spores and colonization of the nasal
mucosa is the most likely route of infection, resulting in
mycotic rhinitis.

Epidemiology

Mycotic rhinitis is rare, but is most commonly seen in hot,
humid climates, such as the southeastern USA and tropical
areas.

Progressive ethmoid 
hematoma (PEH)

● Clinical signs include unilateral epistaxis and respiratory
stridor.

● Endoscopy of the nasal passage and inspection of the
ethmoid region demonstrates ethmoid hematoma.

● The diagnosis is confirmed by histopathology of the 
mass.

● Most ethmoid hematomas originate at the ethmoid
turbinate, but can originate from the paranasal sinuses.

● Treatment options include surgical excision, either
sharply or with a laser, or chemical ablation.

● Recurrence is approximately 43%.

Recognition

History and presenting complaint

Horses with progressive ethmoid hematoma (PEH) have uni-
lateral or bilateral epistaxis, respiratory stridor, variable facial
deformity depending on the duration of the condition, and
decreased airflow through the affected nostril.8

Physical examination

Unilateral nasal obstruction may be diagnosed by holding the
hands over each nostril and detecting reduced airflow from
the affected nostril. Decreased airflow will generally be
detected from the nostril with the most nasal discharge.
Facial deformity may also be observed as asymmetric convex-
ity of the facial bones, medial and rostral to the orbit.

Special examination

Endoscopic examination of the upper airway, including both
nasal passages, is frequently diagnostic for progressive
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Fig. 27.2
Endoscopic image of an ethmoid hematoma.

Fig. 27.3
Lateral radiograph of the paranasal sinus region of a horse.
The large arrow points to the ethmoid hematoma and the
small arrow points to the ethmoid turbinates.

Ethmoid turbinate

Ethmoid hematoma

Nasal septum



ethmoid hematoma. Ethmoid hematomas originate from the
ethmoid turbinate region or paranasal sinuses (Fig. 27.2).
The masses are smooth, green to purple in color and may be
small and discrete or expansile, invading the entire nasal
passage, nasopharynx, or paranasal sinus region.8,9 If the mass
is confined to the maxillary or frontal sinus, serosanguineous
fluid will be evident at the nasomaxillary opening, but the mass
may be obscured from view.8,9 Differential diagnoses for pro-
gressive ethmoid hematoma include fungal granulomas, neo-
plasia, and nasal polyps. Biopsy and histopathology is
warranted if the etiology of the mass is unknown.

Lateral, dorsoventral, and oblique radiographic projec-
tions of the paranasal sinus region are taken to define the
anatomic limits of the expansile mass (Fig. 27.3).10 A dis-
crete, round density overlying the ethmoid labyrinth or
within the maxillary or frontal sinus is suggestive of progres-
sive ethmoid hematoma.10 Fluid lines in the sinuses may be
present if secondary sinusitis has occurred. Computed
tomography is useful to define the extent of the mass prior to
surgical excision (Fig. 27.4).10

Laboratory examination

Rarely, horses have evidence of mild, regenerative anemia,
though generally blood loss from ethmoid hemotoma is
minimal. Depending on the duration, size of the mass, and
inflammatory reaction, hyperfibrinogenemia may be present.11

Diagnostic confirmation

Differential diagnosis for PEH includes neoplasia, fungal
granuloma, nasal polyp, sinus cyst or abscess. Definitive diag-
nosis is made based on the histopathology of the mass.
Ethmoid hematoma is a non-neoplastic angiomatous mass
covered by respiratory epithelium and fibrous tissue.8,9 The

parenchyma of the mass is composed of blood, fibrous tissue,
hemosiderin laden macrophages, neutrophils and necrotic
debris, especially in large, chronic masses, with occasional
calcareous deposits.

Treatment and prognosis

Therapeutic aims

The goal of treatment is elimination of the mass. This can be
achieved by surgical excision, laser photo ablation, or chemi-
cal ablation.8,9,11,12 Surgical excision of progressive ethmoid
hematoma is performed by placing the horse under general
anesthesia, in lateral recumbency, with the affected side
up.8,9 Depending upon the location of the mass, a maxillary
bone flap or frontal nasal bone flap may be performed to
provide access to the maxillary sinuses, or frontal sinuses and
nasal cavity, respectively.8 The mass is resected at its origin by
sharp dissection or using Nd:YAG laser.8,9 Copious hemor-
rhage is expected and controlled using cold saline and pres-
sure applied with sterile gauze packing. Prior to surgery, it is
prudent to have a blood donor available in case blood loss is
excessive enough (packed cell volume < 20% following
volume resuscitation) to warrant blood transfusion. Photo
ablation of the mass using the Nd:YAG laser can be per-
formed in the standing, sedated horse if the mass is accessible
via the nasal passage.9 Treatments are generally performed
weekly until the mass has resolved. Alternatively, progressive
ethmoid hematomas can be chemically ablated by intra-
lesional injection of formalin.11,12 In the standing, sedated
horse, the mass is injected with 4% formaldehyde or neutral
buffered 10% formalin using a transendoscopic 23-gauge
retractable needle (Mill-Rose Laboratories, Inc., Mentor, OH)
or through an injection apparatus constructed from polyeth-
ylene tubing and a 22- or 25-gauge needle.11,12 The injection
apparatus is inserted into the biopsy channel of the endo-
scope and the mass is injected with formalin until the mass
distends.12 Treatments are repeated every 3–4 weeks until
the lesion is obliterated, requiring a mean of 5 treatments,
ranging from 1 to 18 treatments.12

Complications from surgical excision include severe hem-
orrhage, chronic sinusitis, surgical site infection, and
osteomyelitis of the bone flap.8 Complications following for-
malin injection include laminitis, dysphagia, and neurologic
disease, if the ethmoid hematoma has eroded through the
cribiform plate.11,12

Prognosis

Recurrence following surgical excision is 43%, necessitating
periodic re-evaluation should the mass recur. Recurrence is
slightly higher in horses with bilateral progressive ethmoid
hematomas.8,9,12

Prevention

There are no known preventive measures.
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Etiology and pathophysiology

Etiology

The etiology of PEH is unknown.

Pathophysiology

Progressive ethmoid hematoma is an expanding angiomatis
mass originating from the mucosa of the ethmoid conchae or
paranasal sinuses. Progressive expansion of the mass occurs
due to recurrent hemorrhage and local invasion of tissues.
Masses may expand rostroventrally into the nasal passage or
nasopharynx, or within the paranasal sinuses.

Epidemiology

Progressive ethmoid hematomas have been reported in
horses from 6 months to 20 years old, but are most com-
monly diagnosed in middle-aged and older horses.8

Thoroughbred horses are over-represented in case series,
though the disease has been reported in many breeds.
Bilateral lesions occur 15% of the time.8

Sinusitis

● The paranasal sinuses include the frontal, maxillary,
sphenopalatine, and dorsal and ventral conchal sinuses.

● Sinusitis can be primary or secondary, and is most com-
monly associated with dental disease, masses, and trauma.

● Clinical signs of sinusitis include nasal discharge and
facial swelling.

● Surgical debridement of the sinus is frequently recom-
mended for treatment of primary or secondary sinusitis.

Recognition

History and presenting complaint

Horses with sinusitis frequently have unilateral or bilateral
nasal discharge. If the sinusitis is due to dental disease or
fungal infection the discharge may be foul smelling.13 Horses
with primary sinusitis frequently have a history of recent
upper respiratory tract infection. If the sinusitis is secondary
to a cyst or neoplastic mass, facial swelling and deformity of
facial bones may be detected as the mass expands within the
sinus.13,14

Physical examination

Rarely are horses febrile. Facial swelling may be detected and
may be painful to palpation.13 Deformity of facial bones over-
lying the sinus may be evident, especially in chronic cases of
expansile masses such as sinus cysts and neoplasia.13,14

Increased respiratory rate and effort is detected if the airway

is obstructed. This occurs when the ventral cochal sinus is
affected and compresses the ventral meatus.14 Airflow
obstruction may occur if the mass expands into the ventral
meatus and is diagnosed by holding the hands over each
nostril and detecting reduced airflow from the affected
nostril. Epiphora occurs in horses with sinusitis if the naso-
lacrimal duct is compressed by a mass or swelling in the sur-
rounding tissues.13 Hair loss may be detected on the horse’s
face if the epiphora is chronic.

Special examination

Techniques used to diagnose sinusitis include radiography,
computed tomography, sinoscopy, endoscopy, and nuclear
medicine.13,14 Generally at least four views of the skull are
taken if sinusitis is expected, including the left and right
oblique, lateral, and dorsoventral views. The left and right
oblique views help to confirm which side of the head is
affected. Fluid lines (Fig. 27.5), masses within the sinuses 
(Fig. 27.6) and periapical tooth root abscessation and abnormal
alveolar bone can frequently be detected radiographically.
Computed tomography is performed to localize the lesion more
accurately in cases of secondary sinusitis. Sinus cysts, dental
disease, neoplasia, ethmoid hematoma, mycotic granulomas,
polyps, and epidermal inclusion cysts can cause secondary
sinusitis and frequently require surgical removal.13,14 The infor-
mation gained from the computed tomographic scan aids in
surgical planning and the surgical approach. Sinoscopy is per-
formed in the sedated, standing horse by inserting a flexible
endoscope or arthroscope through a trephine in the frontal,
rostral maxillary, or caudal maxillary sinus.15 Fluid is aspirated
from the sinus and submitted for culture and cytology and the
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Fig. 27.5
Lateral radiograph of the paranasal sinus region of a horse
with sinusitis illustrating the fluid line (arrow) within the
maxillary sinus.



sinus can be irrigated to evacuate exudate. The sinuses can be
explored and masses or tooth root abscesses identified and biop-
sied by use of this technique. Endoscopic examination of the
nasal passages is useful in cases of sinusitis to confirm that the
exudate is coming from the nasomaxillary opening of the
middle meatus. The specific origin of the exudate and inciting
cause cannot be determined by endoscopy alone. Nuclear med-
icine is rarely used in cases of sinusitis, but can be used to
confirm infected apical tooth roots. Despite radiography and
computed tomography, identifying the affected tooth can at
times be difficult. White blood cell scan is performed to 
help localize the infected tooth because the radiolabeled 
white blood cells can be imaged surrounding the infected tooth
root.

Laboratory examination

The results of laboratory tests on blood are generally normal.
Fluid aspirates are submitted for culture and sensitivity.

Diagnostic confirmation

The diagnosis of primary sinusitis is made based on a history of
previous upper respiratory tract infection, nasal discharge orig-
inating from the paranasal sinus region, evidence of fluid
within the sinuses on radiographs or computed tomography,
and the absence of a secondary cause of the sinusitis.13,14

Secondary sinusitis is diagnosed based on the presence of an
inciting cause of the sinusitis, such as apical tooth root abscess,
sinus cyst, neoplastic mass, ethmoid hematoma, mycotic gran-

uloma, polyp, or trauma and facial bone fracture into the
sinus.13,14 Conformation of the etiology of secondary sinusitis is
made by sinoscopy, biopsy, or surgical exploration of the 
sinus.

Treatment and prognosis

Therapeutic aims

The goal of therapy is to rid the sinus of infection and remove
the inciting cause in cases of secondary sinusitis.

Therapy

The results of culture and sensitivity of fluid aspirated from the
sinus dictate the appropriate antimicrobial therapy necessary to
treat the sinusitis. Because primary sinusitis frequently is a
sequela to upper respiratory tract infection, Streptococcus spp.
are frequently isolated. Penicillin or trimethoprim sulfonamides
are appropriate antibiotics to use in the treatment of primary
sinusitis, prior to receipt of culture results. In addition to sys-
temic antibiotics, repeated lavage of the sinus with balanced
polyionic solution decreases the exudate and dilutes the organ-
isms and inflammatory mediators within the sinus.13,14 A
chronic irrigation system can be placed following sinus centesis.
Sinus centesis can be performed at the cranial or caudal maxil-
lary sinus or frontal sinus. A point 2.5–3 cm dorsal to the facial
crest and 3 cm rostral to the medial canthus marks the place-
ment for centesis of the caudal maxillary sinus;14 2.5–3 cm
dorsal to the facial crest and 3 cm caudal to the infraorbital
foramen permits access to the cranial maxillary sinus.14

Centesis of the frontal sinus is performed at a site midway
between the medial canthus of the eye and the midline 
of the head.14 Following aseptic preparation, a 2–3 mL bleb of
local anesthetic is injected subcutaneously at the chosen site. A
stab incision is made through the skin and subcutaneous tissue
and a 2 mm Steinmann pin in a Jacob’s chuck is used to drill a
hole into the sinus. Sterile polyethylene tubing is fed through the
centesis site and fluid is aspirated using a needle and syringe
attached to the tubing. Next, a chronic irrigation system can be
placed through the centesis site into the sinus and sutured in
place. An extension set works well. The chronic irrigation sys-
tem permits irrigation of the sinus with 1–3 liters of solution
two to four times daily until there is no longer production of
exudate.

The goal of treating secondary sinusitis is to treat the pri-
mary cause. Depending upon the location, sinus cysts, ethmoid
hematomas, neoplasia, polyps, and infected teeth can be
approached surgically through a maxillary bone flap or frontal
nasal bone flap.14,16 Because the sinuses are highly vascular,
copious hemorrhage can occur. Hemorrhage is controlled dur-
ing surgery by lavaging the site with cold saline and applying
pressure to the bleeding area. Occasionally, but rarely, vessels
can be located and ligated. After the mass has been removed,
continuous pressure is applied to the area using stallion gauze
packing placed within the sinus. The end of the packing is exited
through a hole in the dorsal or ventral conchal sinus and then
out the nose. The packing is pulled in 36 to 48 hours.
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Fig. 27.6
Lateral radiograph of the paranasal sinus region of a horse
with a mass (arrow) within the maxillary sinus.



Prognosis

The prognosis for recovery from primary sinusitis, sinus cysts,
trauma, and dental disease is good.13,17 Complications can
include chronic drainage from the sinus, recurrence of the cyst
if a portion of the cystic lining was left within the sinus, oral
nasal fistulas from tooth extraction, incisional infection and
sequestration of the bone flap overlying the sinus. Prognosis for
most neoplastic masses within the sinus resulting in sinusitis is
poor due to the expansile, invasive, and metastatic nature of the
tumors. Recurrence of ethmoid hematoma is 43%.2

Prevention

There is no known prevention.

Etiology and pathophysiology

Etiology

Sinusitis can result from a primary infection within the sinus,
frequently secondary to an upper respiratory tract infection.
Sinusitis can also occur secondary to an apical tooth root
abscess, sinus cyst, neoplasia, trauma and fracture of facial
bones, ethmoid hematoma, and fungal granuloma.13,14

Epidemiology

The prevalence of sinusitis is approximately 1.06%.18

Rostral and dorsal 
pharyngeal collapse

● Horses with nasopharyngeal collapse usually are normal
at rest.

● The diagnosis of nasopharyngeal collapse is made during
treadmill endoscopic examination.

● There is no known treatment for nasopharyngeal collapse.
● Clinical signs of nasopharyngeal collapse, in some horses,

will resolve with time.
● Horses with hyperkalemic periodic paralysis are at risk for

developing nasopharyngeal collapse.

Recognition

History and presenting complaint

Various degrees of nasopharyngeal collapse may cause 
exercise intolerance and respiratory noise in exercising
horses.

Physical examination

This is normal in the resting horse.

Special examination

Endoscopic examination of the nasopharynx and larynx is gen-
erally normal. If the nares are manually occluded during the
examination, the lateral walls, dorsal aspect of the nasophar-
ynx, or rostral portion of the soft palate may collapse into the
airway to an abnormal degree in affected horses, especially
horses with hyperkalemic periodic paralysis (HYPP).19,20 In
normal horses, the roof of the nasopharynx projects into the
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lumen of the nasopharynx minimally at the end of expiration
due to positive end-expiratory pressure within the guttural
pouches. The floor of the guttural pouch forms the roof of the
nasopharynx. At rest, the pressure in the guttural pouches is in
phase with the pressure in the nasopharynx.21 During exercise,
the pressures are not in phase, such that peak expiratory pres-
sure within the guttural pouch lags behind peak expiratory
nasopharyngeal pressure, resulting in some degree of dorsal
pharyngeal collapse at end expiration.21 Nasopharyngeal col-
lapse is most accurately diagnosed during treadmill endoscopic
examination. Some horses show signs of nasopharyngeal col-
lapse during resting endoscopic examination, but have normal
nasopharyngeal function during exercise. Similarly, horses with
exercise intolerance and respiratory noise during exercise may
be normal at rest, exhibiting signs of disease during treadmill
endoscopy (Fig. 27.7).

Laboratory examination

None is indicated.

Diagnostic confirmation

Differential diagnoses for nasopharyngeal collapse include
dynamic upper respiratory diseases that cause exercise intol-
erance and abnormal respiratory noise during exercising,
such as dorsal displacement of the soft palate. Evaluating the
horse’s airway function during exercise can lead to a
definitive diagnosis of nasopharyngeal collapse.

Treatment and prognosis

Therapeutic aims

The goal of treatment is to resolve the nasopharyngeal col-
lapse.

Therapy

There is no current treatment for nasopharyngeal collapse.
Horses are exercised with their tongues tied and wearing
figure eight nosebands in an attempt to help ‘stabilize’ the
airway. Occasionally, the disease is self-limiting and horses
recover normal function without treatment. If the horse has
suffered from a respiratory viral infection or pharyngitis, alle-
viating the airway inflammation may improve nasopharyn-
geal function within a few weeks to months. Horses that are
HYPP positive respond to acetazolamide therapy.19,21

Prognosis

The prognosis is usually unfavorable, especially in horses
with underlying disease such as HYPP. The condition resolves
in some horses.

Prevention

There is no known prevention.

Etiology and pathophysiology

Etiology

The disease is associated with HYPP in some horses.
However, in most cases the etiology of pharyngeal collapse is
not known.

Pathophysiology

Nasopharyngeal collapse may result from some form of
exercise-induced guttural pouch tympany or neuromuscular
lesion involving the muscles that support the dorsal nasophar-
ynx.19 Horses should be evaluated for neuromuscular or
primary muscle disorders, such as equine protozoal neuropathy,
selenium and vitamin E deficiency, hyperkalemic periodic paral-
ysis, or upper respiratory inflammatory disease.19,20

Epidemiology

The epidemiology of this condition has not been described.
However, this disease is most frequently diagnosed in young
race horses, which may be due to the speed and intensity at
which they compete. As well, nasopharyngeal collapse is fre-
quently recognized in horses with HYPP, and rather than
being a distinct entity, represents a muscle group affected by
the disorder.

Retropharyngeal abscesses

Recognition

History and presenting complaint

Horses with retropharyngeal abscessation frequently have
palpable swelling in the throat region, nasal discharge,
abnormal respiratory noise during exercise, dorsal dis-
placement of the soft palate, and exercise intolerance. If
the airway obstruction is severe, horses may show signs of
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respiratory distress at rest, including respiratory stridor,
increased respiratory rate and effort, and anxiety. Addi-
tional clinical signs include dysphagia, inappetance, and
depression.

Physical examination

Palpation of the throat in the area of Viborg’s triangle may
reveal swelling that can be painful. Pressure in this area can
cause the horse to make stridorous upper airway noise. If
the horse is dysphagic, feed material and saliva may be 
seen at the nares. If the horse is in respiratory distress,
stridorous breathing and increased respiratory effort may be
apparent.

Special examination

Radiography of the throat area reveals soft tissue density in the
retropharyngeal region, dorsal to the pharynx and on 
the floor of the guttural pouch (Fig. 27.8). Compression of the
dorsal nasopharynx by the abscessed retropharyngeal lymph
node is evident during endoscopic examination of the upper
airway (Fig. 27.9). Depending upon the size and location of
the abscess, the enlarged lymph node may be best seen within
the guttural pouch, on the floor of the medial compart-
ment (Fig. 27.10) Ultrasonographic examination of the throat
will show increased soft tissue density containing hyperechoic
fluid, or purulent exudates.

Laboratory examination

Results of complete blood count frequently show leukocytosis
and neutrophilia with regenerative left shift, and lymphocy-
tosis. Some horses will have hyperfibrinogenemia.

Diagnostic confirmation

The diagnosis is confirmed by aspiration of material from the
affected lymph node and culture of the exudate. Retro-
pharyngeal lymph node abscesses are most frequently caused
by Streptococcus spp., particularly Streptococcus equi.

Treatment and prognosis

Therapeutic aims

The goal of therapy is resolution of the abscess.

Therapy

If the horse is in respiratory distress an emergency tra-
cheotomy is performed. Briefly, an area 20 cm long and
15 cm wide at the junction of the proximal and middle thirds
of the trachea is clipped and aseptically prepared. Tracheal
rings can be palpated in this area. The skin is anesthetized by
subcutaneous injection of local anesthetic (lidocaine (ligno-
caine) or mepivacaine hydrochloride) in a linear pattern in
the area of the incision or in a curved pattern proximal to the
incision. A 10–12 cm linear incision is made through the
skin, subcutaneous tissue, and cutaneous trunci sharply with
a scalpel along the midline. The fascial plane dividing the
right and left sternohyoid muscles is sharply incised with a
scalpel, Metzenbaum scissors, or the muscle bellies can be
moved to the side, exposing the tracheal rings. A scalpel is
inserted between two tracheal rings, in the middle of the inci-
sion, by stabbing the blade through the tracheal ligament,
attaching the two tracheal rings. Without removing the
blade, the ligament is cut 50% to the left, turned within the
trachea, and cut 50% to the right, taking care to only tran-
sect the ligament. Before removing the scalpel blade from the
tracheal lumen, a Kelly hemostat is inserted into the tracheal
lumen, identifying the opening in the tracheal lumen. As the
hemostat is removed from the lumen, the tracheostomy tube
is inserted. The tube must be secured such that when the
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horse moves its head and neck, the tube lumen is not
obstructed and the tube is not dislodged from the trachea.

Because most retropharyngeal lymph node abscesses 
are caused by streptococcal species, penicillin, 22 000–
44 000 IU/kg, or sulfamethoxazale-trimethoprim, 15 mg/kg, is
administered for 7 to 10 days. Judicious use of non-steroidal
anti-inflammatory medication is appropriate. If the lymph
nodes are large, surgical drainage may be required. Following
general anesthesia, the horse is positioned in dorsal recum-
bency. A modified Whitehouse approach is performed on the
affected side, exposing the abscessed lymph node. Confirmation
of the abscess is made by inserting a needle into the mass and
aspirating material from the lymph node that can be submitted
for culture and antibiotic sensitivity. A stab incision is then made
in the lymph node and the purulent material evacuated. The
incision is left open, to heal by second intention, and the site is
lavaged with saline or dilute tamed iodine solution twice daily.

Prognosis

The prognosis for return to normal function within 4 to 5
months following retropharyngeal lymph node abscess is
excellent, or approximately 90%.22

Prevention

Decreased exposure to horses infected with Streptococcus equi
minimizes the occurrence of retropharyngeal lymph node
abscess formation. Prophylactic vaccination against S. equi
may limit retropharyngeal lymph node abscess formation,
but vaccination is not without risk.

Etiology and pathophysiology

Etiology

Most retropharyngeal lymph node abscesses are caused by
streptococcal species, principally S. equi.

Epidemiology

Retropharyngeal lymph node abscesses are most commonly
seen in horses less than 1 year old, and in horses infected
with S. equi.

Dorsal displacement of the
soft palate (DDSP)

Recognition

History and presenting complaint

Horses with intermittent dorsal displacement of the soft
palate (DDSP) are exercise intolerant and make an abnormal
expiratory noise during exercise. The displaced soft palate

billows dorsally during exhalation as air flows beneath the soft
palate (Fig. 27.11). The noise associated with DDSP is a ‘snoring
noise’, and is caused by fluttering of the caudal margin of the
soft palate. In approximately 30% of horses with DDSP, noise is
not reported.23,24 The importance of either noise production or
exercise intolerance is dependent on the activity of the horse.
This is an uncommon disease of show horses and generally
affects the horse’s performance because of the noise production.
However, horses that perform with the head and neck flexed,
such as upper level dressage horses and Saddlebreds, suffer
exercise intolerance with DDSP due to the more negative inspi-
ratory pressure and airway resistance that occurs with head
and neck flexion.25 Dorsal displacement of the soft palate is
more common in race horses, especially 2–4-year-olds.26–28 The
exercise intolerance is often described by trainers and riders or
drivers as ‘choking down’ or ‘hitting a wall’ because DDSP
causes significant expiratory obstruction that limits minute
ventilation. Mouth breathing during exhalation is recognized by
fluttering of the cheeks as air is diverted underneath the soft
palate through the mouth, and is a specific sign that a horse has
displaced its soft palate dorsal to the epiglottis. Occasionally
coughing during exercise is reported in association with the
disease. Coughing is a symptom of upper respiratory infection
and these types of infection have been associated with the onset
of DDSP in some cases.

Physical examination

Because intermittent DDSP is a dynamic obstructive airway
disease that occurs during exercise, most horses are normal
at rest. If the soft palate displacement is persistent and asso-
ciated with dysphagia, feed material may accumulate in the
airway, the horse may cough, and have clinical signs of aspi-
ration pneumonia. The primary complaint in these horses is
dysphagia and aspiration, which is quite different from the
population of horses with intermittent DDSP, exercise intoler-
ance, and respiratory noise.

Some horses with intermittent DDSP have a history of
upper respiratory infection. These horses may have nasal dis-
charge, coughing, and enlarged retropharyngeal and sub-
mandibular lymph nodes. If the horse had previous surgery
in an attempt to treat the DDSP, evidence of such surgery
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includes indentation in the cervical musculature, where a ster-
nothyrohyoid myectomy was performed. It is more difficult to
identify horses that have excision of the caudal margin of the
soft palate or sternothyroid tenectomy and myectomy at the
muscle’s origin. Clipping the hair over the ventral aspect of the
cricoid cartilage may permit identification of a surgical scar
indicative of prior laryngotomy procedure.

Special examination

Watching and listening to the horse exercise at a racetrack and
witnessing the described abnormal noise and exercise intoler-
ance of the horse may be helpful in diagnosing DDSP. The noise
is somewhat specific in that it occurs during expiration and has
a snoring character, quite different from inspiratory noises asso-
ciated with laryngeal hemiplegia and other dynamic inspiratory
airway abnormalities. Endscopic examination of the nasophar-
ynx and larynx at rest is important to assess nasopharyngeal
function and rule in or out other causes of abnormal airway
noise and exercise intolerance, such as laryngeal hemiplegia or
epiglottic entrapment. Initially, the nasopharynx is examined in
the unsedated horse as the horse breathes normally.
Examination of both guttural pouches may be helpful if upper
airway infection is suspected. Stimulating the horse to swallow
permits assessment of the function of nasopharyngeal muscles
and may cause the horse to displace its soft palate. Dorsal dis-
placement of the soft palate is recognized by the dorsal position
of the caudal edge of the soft palate obstructing the view of the
epiglottis (Fig. 27.12). Occluding the horse’s nares for 20–60
seconds, forcing the horse to breathe against the obstruction,
may stimulate increased activity in upper airway muscles and
induce DDSP. The interpretation of induced DDSP during nasal
occlusion is difficult because a percentage of horses that dis-
place the soft palate during nasal occlusion show no evidence of
DDSP during endoscopic examination while the horse runs on
the treadmill.26,27 As well, horses that do not displace at rest do
displace during treadmill examination. The caudal aspect of

the soft palate can be examined by passing the scope in the
proximal trachea which induces DDSP in most horses. After
withdrawing the endoscope, the caudal edge of the soft palate
can be examined for evidence of cyst, masses or prior
staphylectomy. During endoscopy, the most important signs
indicative of DDSP are (1) the ease with which DDSP can be
induced by nasal occlusion, (2) how readily the horse is able to
correct it by swallowing, and (3) how many attempts (swal-
lows) are required to replace the caudal edge of the soft palate
in its subepiglottic position. Endoscopic examination of the
nasopharynx while the horse runs on the treadmill permits
identification of DDSP as it occurs during exercise. Some horses
will make the characteristic ‘snoring’ noise and open mouth
breathing during exhalation can also be detected.

In some horses, permanent displacement of the soft palate is
present such that the epiglottic cartilage cannot be examined. It
is important to evaluate the epiglottis morphology as well as its
function; for instance, subepiglottic masses and epiglottic defor-
mity can result in DDSP. If permanent displacement is present,
there are a few techniques that can be used to evaluate the
structure and integrity of the epiglottis. Sometimes removing
the twitch will relax the horse and allow it to reposition the soft
palate appropriately. Sedation may permit replacement of the
soft palate.29 In the standing, sedated horse, following applica-
tion of local anesthetic to the nasopharynx, bronchoesophageal
forceps can be passed in one nostril and used to un-entrap the
epiglottis from the soft palate. Evaluation of the epiglottic carti-
lage and the position of the soft palate can be performed using
radiography (Fig. 27.13). Finally, an oral endoscopic examina-
tion can be performed on the horse following sedation or
general anesthesia and application of a mouth speculum. If the
horse is anesthetized, manual palpation of the epiglottic carti-
lage and soft palate can also be performed.
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Diagnostic confirmation

Because horses with DDSP are normal at rest, with clinical
signs occurring only during exercise, the diagnosis can be
very difficult to confirm. The best way to diagnose DDSP is
during endscopic examination of the nasopharynx while the
horse runs on the treadmill. However, not all horses exhibit
signs of DDSP during treadmill exercise. As well, because the
clinical signs are similar to many other obstructive upper
airway diseases, DDSP can be easily missed or overdiagnosed.

Treatment and prognosis

Therapeutic aims

The goal of therapy is to prevent DDSP from occurring.
Because the etiology of DDSP is unknown, this can be a
difficult task.

Therapy

In 2-year-old horses or any horse that has active or previous
upper airway inflammation, the initial therapy should focus
on decreasing the upper airway inflammation. Medical
therapy can be instituted unless a structural abnormality,
such as epiglottic deformity, entrapment, or soft palate cyst or
mass, is present. If bacterial upper airway infection is diag-
nosed, systemic antibiotics (usually penicillin G, ceftiofur or
sulfamethoxazole-trimethoprim) may be administered with
non-steroidal anti-inflammatory drugs. Upper airway
inflammation is treated in a plethora of different ways,
including systemic administration of corticosteroids (dexam-
ethasone), non-steroidal anti-inflammatory medication,
topical anti-inflammatory throat sprays such as glycerin,
dimethyl sulfoxide, and nitrofurazone, systemic administra-
tion of interferon, and guttural pouch lavage with balanced
polyionic solutions with or without dimethyl sulfoxide and
corticosteroids. Oral interferon alpha (50–200 IU/day for 
10 days to 2 weeks) is sometimes prescribed. An appropriate
treatment regimen for moderate to severe nasopharyngeal
inflammation, without bacterial infection, might include
treatment first with systemic corticosteroids such as pred-
nisolone or dexamethasone and topical anti-inflammatory
throat spray for 2 to 4 weeks. A common throat spray admin-
istered at the rate of 20 cc, orally, every 12 hours consists of:
glycerin 250 mL, 250 mL DMSO 90%, nitrofurazone
500 mL, prednisolone 50 mL (25 mg/mL). Horses should be
rested (light training without fast speed work) for 10–30 days
and the upper airway function re-evaluated periodically.
Normal function may not return for 3–4 months, if the cause
of the DDSP was neuromuscular dysfunction related to
airway inflammation.

Tack modifications such as the use of a bit that keeps the
tongue under it (i.e., a ‘W’ bit, Serena bit), tongue-ties and
the figure eight noseband are traditional approaches
(although unproven) that might be of value in reducing the
occurrence of DDSP. There is no evidence to support the use
of a tongue-tie in the prevention of DDSP or improvement of
airway mechanics in exercising horses.30–32

Owners and trainers of 2-year-old horses should consider
waiting until the following year before pursuing any surgical
treatment as maturity may alleviate the need for treatment. In
addition, 2-year-olds have a high prevalence of pharyngitis that
has been associated with DDSP due to inflammation of the
nerves and perhaps muscles that stabilize the soft palate.33

Surgical treatment alternatives are numerous and include
staphylectomy or trimming the caudal free margin of the soft
palate, various strap muscle resections (sternohyoid, ster-
nothyroid, and omohyoid alone or in combination), epiglottic
cartilage augmentation, and various tension palatoplasty
procedures.34–40 These procedures are performed by some
surgeons alone or in various combinations.

The goal of staphylectomy is to remove a thin section of the
caudal free edge of the soft palate.40 If an ulcer is present at the
caudal margin of the soft palate, resection of the ulcerative
tissue via staphylectomy is recommended. The mechanism by
which this procedure is therapeutic is unknown. Some suggest
that staphylectomy stiffens the free edge of the soft palate or
perhaps enlarges the pharyngeal ostium.40 Following the surgi-
cal procedure, systemic antibiotic therapy is continued for 
7 days and anti-inflammatory medication is continued for 
3–7 days. The laryngotomy incisions should be cleaned twice
daily until they are healed (approximately 3 weeks). The horse
can begin training 2–3 weeks later. Some surgeons close the
thyrohyoid membrane at the time of surgery, which dramati-
cally decreases the discharge from the incision. Others close the
entire laryngotomy incision, eliminating the need for postoper-
ative wound care.41 Complications following primary closure of
a laryngotomy incision include subcutaneous emphysema, inci-
sional discharge, postoperative fever, incisional abscessation,
seroma, and subcutaneous edema.41

Complications of staphylectomy include dysphasia, cough-
ing, aspiration, pneumonia, and permanent DDSP.40 The most
common complication is infection at the laryngotomy site,
which usually responds to wound care and antibiotics.
Staphylectomy is traditionally done through a laryngotomy, but
can be performed with the horse standing by use of a laser. The
section of soft palate removed should be minimal as the major
complication of this procedure is nasal regurgitation of feed and
water. If resection is too extensive, the soft palate no longer con-
tacts the ventral surface of the epiglottis, forming a communi-
cation between the oropharynx and nasopharynx, such that
feed material from the oropharynx reaches the nasopharynx
prior to or during swallowing. Furthermore, if the caudal free
edge of the soft palate is rostral to the epiglottic cartilage, expi-
ratory airflow reaches the ventral surface of the soft palate,
lifting the soft palate and leading to displacement.

The goal of the resection of the sternothyroideus and ster-
nohyoideus muscles is to prevent caudal retraction of the
larynx from the caudal edge of the soft palate.34 The most
common myectomy is the sternothyrohyoid myectomy, which
can be performed in the standing, sedated horse with local
anesthetic applied at the surgical site.34 Additionally, some
surgeons also resect a section of the omohyoid muscles.
Complications are usually minor and include incisional
seromas or abscesses requiring appropriate drainage. There 
is a report of one horse exsanguinating following this 
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procedure.34 This latter complication is more common if the
omohyoid muscles are removed. Long-term complications
were thought to be only cosmetic in nature associated with
the lack of strap muscle at the surgery site. However, in exper-
imental horses with normal airway function, resection of the
sternothyroid and sternohyoid muscles has been observed to
result in a less dynamically stable nasopharynx at exercise as
measured by an increase in inspiratory tracheal pressure.42

The Llewellen procedure combines the staphylectomy and
myectomy, but the sternothyroideus tendon is transected
through the laryngotomy site, as it inserts on the thyroid
cartilage.35 Following the staphylectomy portion of the
Llewellen procedure, some surgeons elect to remove 4–7 cm
of the sternohyoideus muscles that are easily accessed via the
laryngotomy incision.

Epiglottic augmentation was developed because epiglottic
flaccidity is implicated in the pathogenesis of DDSP. The purpose
of the procedure is to stiffen the horse’s epiglottis.36,43 With the
horse under general anesthesia, the subepiglottic tissue is
injected with Teflon paste (Mentor Polytef paste for injection,
Mentor O&O, Inc., 3000 Long Water Dr, Norwell, MA 02061) as
the epiglottis is retroverted through a laryngotomy incision.
Postoperatively, the resulting fibrosis and granulomatous reac-
tion in response to the Teflon contributes to a thicker and less
flaccid epiglottis.43 The frequent lack of availability of the Teflon
paste in recent years has diminished the use of this technique,
which is usually performed in combination with a sternothyroid
myectomy and a staphylectomy. For 5–7 days following epiglot-
tic augmentation, the epiglottis may look swollen and red, and
may, in fact, be entrapped. Some horses have persistent soft
palate displacement for 5–14 days following surgery. Horses are
treated with systemic antibiotics and anti-inflammatory med-
ication for 2 weeks after surgery and can begin training within
6–8 weeks. Complications include dysphasia, permanent soft
palate displacement, coughing, Teflon granulomas, and epiglot-
tic entrapment.

Tension palatoplasty was introduced during the 1990s to
reduce the dorsal billowing of the soft palate by stiffening 
the ventral aspect of the soft palate.37–39 Rostral stability of the
soft palate might be important in the overall stability of the soft
palate during exercise and in the prevention of intermittent
dorsal displacement of the soft palate. The popularity of these
procedures has diminished because of the finding that, in
experimental horses, rostral palate stability may not be import-
ant in prevention of DDSP.44 Furthermore, results in clinical
patients were comparable to that of other techniques.

Three techniques have been described to stiffen the soft
palate. In the original technique, under general anesthesia
using an oral approach with long-handled scissors, a section
of oral palatine mucosa and submucosa (starting 1–2 cm
caudal to the hard palate) is resected.37 Care must be taken
not to invade the entire palate as a palatal fistula could occur.
Tension on the palate is obtained by re-apposing the edges of
the palatal mucosa and closing the defect created. Stiffening
has also been done using thermal cautery applied at the same
location.38 Alternatively, the procedure can be done with the
horse standing, applying thermal cautery to the nasopharyn-
geal mucosa of the rostral palate.

Tension palatoplasty has also been performed at the caudal
aspect of the soft palate using the laser.39 This procedure was
proposed as an alternative for staphylectomy and performed in
conjunction with a sternothyroid myectomy and tenectomy.
Briefly, horses are restrained in stocks and sedated. Using endo-
scopic guidance, the caudal margin of the soft palate is anes-
thetized by use of topical local anesthesia. A 600 �m bare fiber
is passed through the biopsy channel and directed at the caudal
free edge of the soft palate. Using 15 watts of power and contact
technique, the fiber was applied for 1–2 seconds at 2–4 mm
intervals along the entire free edge of the palate and extending
approximately 1.5 cm rostrally.39 Horses are treated intraopera-
tively with phenylbutazone (6 mg/kg intravenously) and
topical throat spray, and discharged with instructions to hand
walk for 3 days prior to returning to jogging or galloping.
Postoperative medications consisted of intranasal throat spray
for 14 days, phenylbutazone (4 mg/kg by mouth) for 
5 days, and a decreasing regime of oral prednisolone for 
14–21 days. If an endoscopic examination at 1 week indicated
normal healing of the soft palate, horses were returned to full
training (Fig. 27.14).39

Finally, a new procedure is being developed based on the
finding of the results of experimentally created dysfunction of
the thyrohyoid muscle.45 The surgical procedure restores the
function of the thyrohyoid muscles using sutures as prostheses
to displace the larynx rostrally and slightly dorsal to the basihy-
oid bone. A clinical trial is currently underway and further dis-
cussion is pending validation of the surgical procedure in a
clinical population with naturally occurring DDSP (Ducharme
NG, Cornell University, personal communication).

Prognosis

The prognosis following treatment is approximately 60 ±
10%. According to trainers and veterinarians recurrence fre-
quently occurs 3–6 months after surgery. Reported success
rate for epiglottic augmentation is 66%.46 Staphylectomy has
a 59% success rate, defined as improved racing perform-
ance.40 Horses will have their first race start approximately
16 weeks after surgery.40 Reported success for the sternothy-
rohyoid myectomy is 58–60%.34,40 Horses have their first
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race start approximately 10 weeks following surgery.
Reported success rate for the Llewellen procedure is 60%.35

Following transendoscopic laser cauterization of the caudal
margin of the soft palate, combined with sternothyroid myec-
tomy and tenectomy, 92% of horses raced successfully.39

Etiology and pathophysiology

Etiology

The cause of intermittent DDSP is unknown. However, many
theories exist to explain the etiology of this condition, some
based on research and data and others on speculation. Dorsal
displacement of the soft palate occurs when the soft palate dis-
places dorsal to the epiglottis, billowing in the nasopharynx 
creating expiratory obstruction. This event occurs during inspi-
ration, expiration, and swallowing and probably has multifacto-
rial etiology.47 Some theories focus on dysfunction of the nerves
and muscles controlling the soft palate function, and others are
directed at the stability and proximity of the epiglottis and
larynx to the soft palate. The stability of the nasopharynx is
obtained by complex coordination of skeletal muscles and a
multitude of conditions affecting these muscles, such as hyper-
kalemic periodic paralysis and equine protozoal myelo-
encephalopathy, can result in DDSP during exercise.20

The thyrohyoideus is a flat rectangular muscle attached to
the lateral surface of the thyroid cartilage lamina that inserts
on the caudal part of the thyrohyoid bone. It is innervated by
the hypoglossal nerve and moves the hyoid bone caudally or
the larynx rostrally and dorsally. In studies evaluating the
electromyographic activity of some ‘extrinsic’ nasopharyn-
geal muscles during exercise, Ducharme et al observed
decreased thyrohyoideus muscle activity prior to soft palate
displacement in one horse. Bilateral resection of the thyrohy-
oideus muscles causes intermittent DDSP during exercise in
horses.45 The specific function of the thyrohyoideus muscle in
preventing DDSP is not well understood, but because con-
traction of the thyrohyoideus muscles apposes the larynx and
basihyoid bone, the position of the larynx relative to the soft
palate is probably important in the pathogenesis of DDSP.

Neuromuscular dysfunction of the structures controlling the
position of the soft palate has been implicated as a cause of this
disease, and may occur due to inflammation of the upper
airway. The pharyngeal branch of the vagus nerve, and other
nerves important in the coordination of nasopharyngeal func-
tion, course through the guttural pouch. Specifically, the pha-
ryngeal branch of the vagus nerve provides motor innervation
to the palatinus and palatopharyngeus muscles, two muscles
that control the position of the caudal portion of the soft palate.
Desensitizing the pharyngeal branch of the vagus nerve bilater-
ally causes persistent DDSP and dysphagia in horses.48 Biopsies
taken of the palatinus muscle from horses with DDSP showed
evidence of chronic denervation included fiber type grouping,
mild atrophy, moth eaten fibers and target fibers.49

Epiglottic hypoplasia may cause DDSP because the epiglot-
tis is not rigid enough to maintain its position dorsal to the
soft palate.49 No conclusive evidence exists to support epiglot-
tic hypoplasia as the cause of DDSP, and its association with

DDSP and poor racing performance has not been
confirmed.50 However, epiglottic malformation or chondritis
may result in permanent or persistent DDSP.

Pathophysiology

Dorsal displacement of the soft palate is an expiratory obstruc-
tive syndrome that causes increased expiratory impedance,
decreased minute ventilation, hypoxia, and hypercarbia (Table
27.1).48,51 When the soft palate displaces dorsal to the epiglottis
during exercise, it billows dorsally and ventrally during the res-
piratory cycle. During inhalation, the soft palate is located ven-
trally (still dorsal to the epiglottis). During exhalation, the soft
palate displaces dorsally, thus diverting the flow of air through
the oropharynx and mouth. This flow pattern is associated with
more negative peak tracheal pressure and increased expiratory
impedance.47,48,51 During inhalation, it is less clear whether the
less negative atmospheric pressures are associated with
decreased airway resistance due to oral breathing as two studies
revealed different results.47,48,51

Prevention

Preventing DDSP is difficult because the etiology of this
disease is unknown. However, aggressive, timely treatment of
upper airway inflammation and appropriate vaccination
against upper respiratory tract viruses may decrease the
chances of horses developing intermittent DDSP.

Epidemiology

Dorsal displacement of the soft palate (DDSP) is a perform-
ance-limiting upper airway condition in horses that was
identified in 1.3% of 479 horses examined endoscopically at
rest.52 The prevalence of this disease is likely to be higher
because DDSP is a dynamic condition that occurs during
intense exercising, making the diagnosis at rest and, even
during treadmill exercise, difficult.

Epiglottic entrapment

● Epiglottic entrapment occurs when redundant aryepiglot-
tic tissue envelops the epiglottis.

● Epiglottic entrapment can be an incidental finding during
endoscopic examination of the larynx and not associated
with clinical signs.

● The entrapping aryepiglottic tissue can be smooth or
edematous and ulcerated.

Recognition

History and presenting complaint

Horses with epiglottic entrapment may have exercise intoler-
ance and make an abnormal respiratory noise during exer-
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cise but rarely cough or are dysphagic. Some affected horses
do not display any abnormalities.

Physical examination

This is generally normal. Horses with severely ulcerated,
swollen entrapping aryepiglottic membrane may be dysphagic
and have signs of aspiration pneumonia, though this is rare.

Special examination

Endoscopic examination reveals that the epiglottis is in its
normal position dorsal to the soft palate but is encased in
aryepiglottic tissue. The normal serrated edge of the epiglot-
tis and its vascular pattern are obscured by the entrapping
membrane. The aryepiglottic tissue can be smooth, fitting
tightly around the epiglottis, or swollen and ulcerated 
(Fig. 27.15A, B). Occasionally, the epiglottis is entrapped by
the aryepiglottic tissue intermittently, during exercise or
swallowing. In these cases, the diagnosis may be made during
endoscopic examination with the horse running on a tread-
mill or may be apparent on a lateral projection radiograph of
the larynx. Radiographically, the entrapment appears as
excessive soft tissue density surrounding the epiglottis.
Radiography can be useful if the soft palate is persistently dis-
placed, due to the entrapment, and the epiglottis and entrap-
ping aryepiglottic membrane cannot be seen during
endoscopic examination performed transnasally.

Laboratory examination

Laboratory examination is normal, but none is usually indi-
cated.

Diagnostic confirmation

Differential diagnoses for epiglottic entrapment include dy-
namic upper airway lesions that cause exercise intolerance and
abnormal respiratory noise during exercise. A definitive diagno-
sis of epiglottic entrapment is made by endoscopic examination.

Treatment and prognosis

Therapeutic aims

The goal of treatment is to relieve the entrapment.

Therapy

Transaxial division of the entrapping aryepiglottic membrane
can be performed by use of a hooked bistoury through the
mouth with the horse under general anesthesia (Fig. 27.16).53

This same procedure is sometimes performed transnasally on
standing, sedated horses, but is not recommended because of
the risk of soft tissue damage.54 Lacerations of the nasophar-
ynx, soft palate, and epiglottis have occurred during transaxial
division of the entrapping aryepiglottic tissue performed
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Fig. 27.15
(A) Endoscopic image of the larynx of a horse with epiglottic entrapment. Notice that the epiglottis is encased in the aryepiglottic
membrane such that the vascular pattern on the dorsal surface of the epiglottis and the serrated margin of the epiglottis is not
visible. (B) Endoscopic image of the larynx of a horse with an epiglottic entrapment. Notice the ulcerated area (arrow) of the
entrapping aryepiglottic tissue.
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through the nose in standing horses if the horse swallows or
moves. Such complications can be career or life ending. The
entrapping membrane can also be divided by use of the Nd:YAG
laser in standing, sedated horses.55 Following axial division 
of the aryepiglottic membrane, topical and systemic anti-
inflammatory therapy are recommended in an attempt to
prevent re-entrapment of the epiglottis. A topical anti-
inflammatory solution (furacin, dexamethasone, DMSO, glyc-
erin) can be sprayed into the throat twice daily using an infusion
pipette and judicious use of oral phenylbutazone or flunixin
meglumine is recommended for 7 to 10 days. If the aryepiglot-
tic membrane is ulcerated and swollen, the membrane can be
resected through a laryngotomy incision, following general
anesthesia of the horse.53

Prognosis

Eighty-two percent of horses have a positive outcome following
transoral axial division of the aryepiglottic tissue; 5–10% of
horses have recurrence of the entrapment after surgery, and
10–15% of horses develop dorsal displacement of the soft palate
following correction of epiglottic entrapment.53,55 The progno-
sis for a positive outcome following resection of the aryepiglottic
tissue through a laryngotomy incision is 27%. The large dis-
crepancy in outcome compared to horses with simple axial divi-
sion may be due to the severity of the ulceration of aryepiglottic
tissue and possible epiglottic deformity or chondritis of the epi-
glottic cartilage that may develop secondary to the entrapment.

Prevention

There is no known preventive measure.

Etiology and pathophysiology

Etiology

The etiology is unknown.

Pathophysiology

Aryepiglottic tissue is areolar, mucous membrane that
attaches along the free margin of the epiglottis and continues
between the lateral edges of the epiglottis to the corniculate
processes of the arytenoid cartilages. This mucous mem-
brane is somewhat redundant along the ventral surface of
the epiglottis. The manner by which the entrapment occurs is
unknown, but it may be precipitated by airway inflammation
and specifically inflammation of the aryepiglottic tissue. It
has been suggested that horses with epiglottic hypoplasia,
diagnosed by use of endoscopy or radiographic measurement
of the thyroepiglottic length, are predisposed to epiglottic
entrapment.49 Standardbred and Thoroughbred horses with
epiglottic entrapment have a shorter epiglottis than do horses
of the same breed without entrapment.49

Epidemiology

Between 0.74 and 2.1% of race horses have epiglottic
entrapment.52,56 As many as 8% of horses with a complaint of
upper airway obstruction have epiglottic entrapment.57

Epiglottic retroversion

● Epiglottic retroversion is a rare cause of exercise intoler-
ance and abnormal respiratory noise in horses.

● Epiglottic retroversion is diagnosed during treadmill exam-
ination with the horse running on a treadmill.

● When the epiglottis retroverts, it prolapses through the
rima glottidis, causing airway obstruction.

● Epiglottic retroversion is probably due to damage to the
hyoepiglotticus or geniohyoideus muscle, or branches of
the hypoglossal nerve.

Recognition

History and presenting complaint

Epiglottic retroversion is a rare condition that causes ab-
normal respiratory noise during exercise and exercise
intolerance.58,59

Physical examination

The physical examination is normal.

Special examination

Epiglottic retroversion is diagnosed during treadmill endoscopic
examination.58,59 At rest, the nasopharynx and larynx of af-
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Fig. 27.16
Endoscopic image through the mouth of a horse where an
entrapping aryepiglottic membrane is being excised using a
hooked bistoury (arrow) with the horse under general
anesthesia.



fected horses is normal during endoscopic examination.
During treadmill endoscopy, the epiglottis lifts dorsally off of
the soft palate during inspiration such that the ventral
surface of the epiglottis faces rostrally and is readily seen 
on endoscopic examination. As airflows increase as tread-
mill speed increases, the epiglottis retroverts through the
rima glottidis, such that the ventral surface of the epi-
glottis is seen (Fig. 27.17). Epiglottic retroversion 
causes dynamic airway obstruction in affected horses 
(Table 27.1).

Laboratory examination

Laboratory examination is normal; though none is usually
indicated.

Diagnostic confirmation

Differential diagnosis of epiglottic retroversion includes those
diseases that cause abnormal respiratory noise during exer-
cise and exercise intolerance (Table 27.1). The diagnosis of
epiglottic retroversion is definitively made during treadmill
endoscopic examination.

Treatment and prognosis

Therapeutic aims

The goal of treatment is to stabilize the epiglottis and prevent
it from obstructing the airway during inspiration.

Therapy

Little is described of treatment for epiglottic retroversion.
Treatment of two horses is described, with one horse racing
successfully after epiglottic augmentation with polytetra-
fluoroethylene (Teflon), and another horse showing no
improvement.59

Prognosis

Prognosis is excellent for life, but guarded for athletic 
endeavors.58,59

Prevention

There are no known preventive measures, though care should
be taken when performing surgery ventral to the epiglottis so as
not to damage nerve supply or muscles in this area.

Etiology and pathophysiology

Etiology

The cause of epiglottic retroversion is unknown.

Pathophysiology

Epiglottic retroversion has been produced experimentally by
bilaterally anesthetizing the hypoglossal nerves and by anesthe-
sia of the geniohyoideus muscle, suggesting that trauma or dys-
function of the hyoepiglotticus or geniohyoideus muscle are
implicated in the pathogenesis of epiglottic retroversion.60

Epidemiology

Because so few cases have been reported, the epidemiology of
this disease is unknown.

Subepiglottic cyst

Recognition

History and presenting complaint

Coughing, abnormal respiratory noise, and exercise intoler-
ance are clinical signs of subepiglottic cyst in mature horses.
Dysphagia may occur in younger horses or horses with a very
large cyst.58

Physical examination

Physical examination is usually normal. If the horse is 
dysphagic, coughing and aspiration pneumonia may be
evident.
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Fig. 27.17
Endoscopic image of the larynx of a horse running on a
treadmill. Notice that the epiglottis (arrow) is retroverted
through the rima glottidis, exposing the ventral surface of the
epiglottis.



Special examination

Endoscopic examination of the larynx and nasopharynx is
generally diagnostic for subepiglottic cyst (Fig. 27.18) The
cyst is round, pale pink to red, covered with mucosa, and gen-
erally seen beneath the epiglottis. Occasionally, the cyst can
only be seen in the nasopharynx during swallowing or inter-
mittently during exercise, and remains beneath the soft
palate in the oropharynx.

Laboratory examination

None is indicated unless there is a suspicion of aspiration
pneumonia.

Diagnostic confirmation

Endoscopic examination is diagnostic for subepiglottic cyst.
Following resection, the cyst can be submitted for histopatho-
logic analysis if there is any concern that the cyst may
instead be a neoplastic mass.

Treatment and prognosis

Therapeutic aims

The goal of treatment is removal of the cyst.

Therapy

Subepiglottic cysts can be excised through a laryngotomy
incision with the horse in dorsal recumbency under general
anesthesia.58 The cyst is positioned beneath the laryngotomy
incision by retroverting the epiglottis. The aryepiglottic
mucosa is incised and the cyst is dissected free and removed.
The incision in the aryepiglottic tissue is allowed to heal by
second intention. Alternatively, the cyst can be excised along

with the overlying mucosa by application of a snare device
made with obstetrical wire threaded through an infusion
pipette in an anesthetized horse.58 Care must be taken to
remove the entire cyst and minimal amount of aryepiglottic
tissue. Subepiglottic cysts can also be excised using an
Nd:YAG or diode laser in standing, sedated horses or horses
under general anesthesia.58

Prognosis

The prognosis for return to function and resolution of cough-
ing is good to excellent. Recurrence is rare, unless the entire
cyst is not removed.

Prevention

There is no known preventive measure.

Etiology and pathophysiology

Etiology

Subepiglottic cysts may be either acquired, especially in older
horses, or congenital in foals. The cysts may develop from
remnants of thyroglossal ducts, but this has not been sub-
stantiated.

Pathophysiology

Airway obstruction and abnormal respiratory noise result
from the cyst flipping dorsally across the rima glottidis,
causing airway obstruction.

Epidemiology

Subepiglottic cysts are most frequently diagnosed in young
racing horses, both Standardbreds and Thoroughbreds, but
have been identified in foals and older horses. There is no
known breed predisposition.58

Axial deviation of the 
aryepiglottic folds

● Axial deviation of the aryepiglottic folds has been diag-
nosed in racing Thoroughbreds, Standardbreds, and
Arabians.61

● This disease is probably associated with racing because of
the high speeds at which the horses perform.

● Diagnosis of axial deviation of the aryepiglottic folds is
made during endoscopic examination of the horse
running on a treadmill.

● Treatment includes rest and anti-inflammatory therapy or
surgical removal of the aryepiglottic folds.
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Endoscopic image of the epiglottis of a horse with a
subepiglottic cyst.



Recognition

History and presenting complaint

Horses with axial deviation of the aryepiglottic folds are exer-
cise intolerant and make an abnormal respiratory noise
during exercise.61

Physical examination

Physical examination is normal.

Special examination

Axial deviation of the aryepiglottic folds is only diagnosed
during endoscopic examination of horses running on a
treadmill (Fig. 27.19). During intense exercise, the ary-
epiglottic tissue that connects the corniculate portions of the
arytenoid cartilages to the lateral edge of the epiglottis col-
lapses axially across the rima glottidis during inspiration.61

The obstruction is dynamic and worsens as exercise intensity
increases.

Laboratory examination

Laboratory examination is normal; none is usually indi-
cated.

Diagnostic confirmation

Differential diagnosis of axial deviation of the aryepiglottic folds
includes dynamic obstructive upper airway diseases that cause
abnormal respiratory noise and exercise intolerance. The
definitive diagnosis of axial deviation of the aryepiglottic folds is
made during endoscopic examination with the horse running
on a treadmill.61

Treatment and prognosis

Therapeutic aims

The goal of treatment is to alleviate the dynamic airway
obstruction by stabilizing the aryepiglottic folds.

Therapy

Treatment for axial deviation of the aryepiglottic folds
includes surgical resection of the aryepiglottic tissue between
the lateral edge of the epiglottis and the corniculate processes of
the arytenoid cartilages (Fig. 27.20). This can be accomplished
using an Nd:YAG or diode laser, with the horse sedated and
standing or under general anesthesia.61 Alternatively, horses
can be rested and treated with topical anti-inflammatory throat
spray and systemic anti-inflammatory medication.61

Prognosis

Seventy-five percent of horses that had surgery and 50% 
of horses that were rested had objective improvement in 
performance.61

Prevention

There is no known method of prevention.

Etiology and pathophysiology

Etiology

The cause of this condition is unknown.

Pathophysiology

The aryepiglottic tissue that attaches the lateral aspect of the
corniculate process of the arytenoid cartilage to the lateral 
edge of the epiglottis collapses dynamically across the rima
glottidis during intense exercise, resulting in inspiratory airway
obstruction.
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Endoscopic
image of the
larynx of a
horse
following
resection of
the
aryepiglottic
folds.

Fig. 27.19
Endoscopic
image of
the larynx
of a horse
with
aryepiglottic
fold
collapse
(arrow).
This image
was taken
while the
horse was
running on
the
treadmill.



Epidemiology

Axial deviation of the aryepiglottic folds has been diagnosed
in racing Thoroughbreds, Standardbreds, and Arabians.61

This disease is likely associated with racing because of the
high speeds at which the horses perform.

Epiglottitis

● Epiglottis is inflammation of the epiglottic mucosa, and at
times, the tip of the epiglottic cartilage.

● Treatment includes rest and systemic and topical anti-
inflammatory therapy.

● Complications of epiglottitis include epiglottic entrapment
and deformity of the epiglottic cartilage.

● The prognosis for return to athletic endeavors following
epiglottitis is excellent.

Recognition

History and presenting complaint

Most horses have a history of exercise intolerance, abnormal
respiratory noise during exercise, and coughing. 
Occasionally, horses have evidence of airway obstruction at
rest, dysphagia, and anorexia.62

Physical examination

Generally, physical examination is normal, unless the horse is
dysphagic or coughing. Coughing can be easily elicited by
laryngeal palpation. Dysphagic horses may have clinical
signs of aspiration pneumonia or rhinitis.62

Special examination

Epiglottitis is diagnosed by endoscopic examination of the
horse’s larynx at rest. The epiglottis is swollen and dark pink
to purple. The mucosa on the surface of the epiglottis and the
aryepiglottic tissue beneath the epiglottis is frequently
swollen and may be ulcerated. Frequently, the tip of the
epiglottic cartilage is visible and may be surrounded by
granulation tissue.62

Laboratory examination

Complete blood count and serum chemistry values are
usually normal.

Diagnostic confirmation

Differential diagnosis of epiglottitis includes epiglottic entrap-
ment, subepiglottic cyst and other dynamic airway diseases
that cause exercise intolerance, abnormal respiratory noise
during exercise, and coughing.

Treatment and prognosis

Therapeutic aims

The goal of treatment is to resolve inflammation of the
epiglottis.

Therapy

Horses should be rested for a minimum of 14 days. Topical
administration of furacin-DMSO-glycerin-prednisolone solu-
tion is applied transnasally twice daily for 10 days to  2 weeks.62

Systemic anti-inflammatory medication such as phenyl-
butazone, flunixin meglumine, or dexamethasone is recom-
mended for 10 to 14 days. If aspiration pneumonia is suspected,
broad-spectrum antimicrobial therapy is recommended.62

Endoscopic examination of the airway should be repeated in 
2 weeks.

Prognosis

Prognosis for return to performance is excellent. Com-
plications resulting from epiglottitis occur in approximately
28% of cases and include epiglottic deformity, which can
occur if the epiglottic cartilage is exposed and chondritis
occurs.62 Also, epiglottic entrapment can occur following
epiglottitis due to the subepiglottic inflammation.62

Prevention

There is no known prevention.

Etiology and pathophysiology

Etiology

The etiology of epiglottitis is unknown, though speculative
causes include trauma due to poor quality hay, dorsal dis-
placement of the soft palate, and the presence of a foreign
body, respiratory tract infection, and allergic reaction.

Pathophysiology

Respiratory noise and dysphagia are caused by swelling of
the epiglottis with subsequent partial occlusion of the airway
and abnormal function of the epiglottis.

Epidemiology

Epiglottitis is diagnosed frequently in race horses but has
been seen in older brood mares.62

Laryngeal hemiplegia

● Laryngeal hemiplegia almost always affects the left side of
the larynx and its cause is unknown.
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● Laryngeal hemiplegia is frequently diagnosed during
endoscopic examination of the larynx at rest, but tread-
mill endoscopy may be required.

● Horses with laryngeal hemiplegia may cough due to aspi-
ration of food material because the laryngeal adductor
function is compromised.

● The current surgical therapy of choice includes laryngo-
plasty with ventriculocordectomy.

Idiopathic laryngeal hemiplegia (ILH) has been recognized in
horses for several centuries. Much of the information about
this disease was obtained from anatomic and histopathologic
studies as well as dynamic and airway mechanics studies
during exercise. Despite what is known, there remains a great
deal of speculation and controversy concerning the etiology
of ILH and the diagnosis and treatment of horses affected
with this disease.

Recognition

History and presenting complaint

Horses with ILH or ‘roarers’ have a history of making an
inspiratory noise during exercise and/or poor performance.
The term ‘roaring’ describes an unnatural sound ‘rattling,
snoring, and whistling’ during inspiration.63 The noise is
heard only during exercise, immediately after exercise during
hyperpnea, or when the horse is startled (grunt test). These
horses also have abnormal vocalization. Many horses are
unaffected until 5–6 years of age such that a history of
normal breathing during exercise followed by progressively
more noisy breathing is often reported. The noise starts as a
hoarse whistling which increases to a louder roaring as exer-
cise intensity increases and the condition progresses. Exercise
intolerance experienced by horses with ILH is associated with
decreased ventilation due to laryngeal collapse.64,65 The
degree of impairment reflects a combination of factors such
as degree of laryngeal collapse, athletic capacity, and the
length and intensity of competition. Horses performing lower
levels of work, such as show hunters and trail horses, may
not experience exercise intolerance. The presence of the
inspiratory noise during exercise may be the major complaint
for this group of horses.

Physical examination

A thorough examination may help to identify the causes of
the disease, though the majority of cases of laryngeal hemi-
plegia are idiopathic. The throat area is visually inspected for
signs of trauma or deformity. Horner’s syndrome can accom-
pany laryngeal hemiplegia that results from perivascular
injection of caustic substances or trauma involving the
jugular furrow, due to the close proximity of the jugular vein,
recurrent laryngeal nerve, and sympathetic trunk. Horner’s
syndrome is recognized based upon clinical signs of unilat-
eral ptosis, miosis, dropped eyelid and sweating near the base
of the ear, due to loss of sympathetic innervation. An impor-
tant characteristic of Horner’s syndrome is dilation of the
vascular bed of the ipsilateral nasal cavity. Sympathetic nerve

damage causes the horse to lose its ability to constrict the
nasal vascular bed leading to reduced airflow that can be
detected manually.

The larynx is palpated for evidence of atrophy of the
cricoarytenoid dorsalis muscle. This is best done by standing
at the shoulder of the horse and using the index fingers to
palpate the dorsal aspect of the cricoid cartilage for symmetry
(Fig. 27.21), then moving one finger to the muscular process
and determining again the symmetry between the left and
right side. If the cricoid and/or muscular processes of the 
arytenoid cartilage are more prominent on one side (usually
the left), atrophy of the cricoarytenoid dorsalis muscle 
and ILH is suspected. This test is somewhat crude, and those
inexperienced at palpating this area may find it inaccurate.

Historically, the absence of arytenoid cartilage adductor
movement can be identified by the thoracolaryngeal reflex
(‘slap test’).66 While standing on the left side of the horse, one
could place two to three fingers of the left hand on the lateral
aspect of the larynx, and using the right hand, slap the
wither area. A positive slap test will elicit a contraction of the
adductor muscles and a ‘twitching’ can be felt over the side 
of the larynx. The procedure is then reproduced on the
contralateral side. This test can also be performed during
endoscopic examination of the larynx, but the slap test has a
poor correlation with laryngeal function.66

Listening to the abnormal respiratory sounds that the
horse makes during exercise can be helpful in the diagnosis of
the ILH. Horses with ILH tend to make a ‘grunt’ sound and/or
a hoarse whistling noise during inspiration. Occasionally ILH
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Illustration of laryngeal palpation technique.



is followed by dorsal displacement of the soft palate so open
mouth breathing and a ‘gurgling noise’ is heard, but this is
rare.

Special examination

The diagnosis of ILH is made by endoscopic examination of
the larynx at rest, although in a proportion of horses, tread-
mill videoendoscopy is necessary to confirm the diagnosis.
Alternatively, the horse’s larynx can be assessed endo-
scopically immediately after cessation of exercise, though this
type of examination is not as specific as treadmill endoscopy.
Endoscopic examination permits assessment of the laryngeal
anatomy as well as function. Laryngeal function, including
adduction and abduction of the corniculate processes of the
arytenoid cartilages and vocal folds, can be assessed during
nasal occlusion and after swallowing. The ability of the ary-
tenoid cartilages to abduct normally is critically assessed 
to determine signs of idiopathic laryngeal hemiplegia/ 
hemiparesis. At least 40% of Thoroughbred and other large
breed horses have movements of the laryngeal cartilages that
are not consistently symmetrical or synchronous. Terms such
as ‘weak’, ‘paretic’, ‘partially paralyzed’, ‘flutter’, and ‘hesita-
tion’ have been applied to the arytenoid function of these
horses. These variations in arytenoid movements are classified
in unsedated horses at rest using the grading system 
(Table 27.2).67 During exercise, the laryngeal grade can also be
classified (Fig. 27.22). The results of studies correlating the
grade of laryngeal function at rest with function during exercise
suggest that horses with resting grade I or II laryngeal function
have full arytenoid abduction at exercise and are normal.
Approximately 75% of grade III horses have partial or complete
collapse during exercise.68,69 All horses with resting grade IV
laryngeal function have significant collapse of the left hemilar-
ynx during treadmill exercise (Fig. 27.23).68,69 Therefore, the
asynchrony of arytenoid cartilage movement is inconsequen-
tial and should not be used as the basis for diagnosis of laryngeal
dysfunction or surgical intervention. The diagnosis of idiopathic
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Laryngeal Description
grade

I Synchronous full abduction of both arytenoid 
cartilages during inspiration or breath holding or
after swallowing

II Asynchronous full abduction of the left arytenoid
cartilage (hesitation, flutter or delay) can be 
achieved and maintained during inspiration or
breath holding or after swallowing

III Asynchronous abduction of the left arytenoid 
cartilage (hesitation, flutter or delay). Substantial 
movement is present but full abduction cannot be 
achieved and maintained during inspiration or 
breath holding or after swallowing

IV No appreciable abduction of left arytenoid 
cartilage

Table 27.2 Laryngeal grading system for horses examined at rest

A

B

C

Fig. 27.23
Endoscopic image of the larynx of a horse with grade IV
idiopathic laryngeal hemiplegia while the horse is running on
the treadmill. Notice how the left arytenoid collapses across
the rima glottidis (arrow).

Fig. 27.22
Endoscopic image of a larynx showing the position of the
corniculate process of the arytenoids cartilage for each grade
of laryngeal position. Zone A represents the position (maximal
abduction) for grades I and II; Zone B represents the position
for grade III (partial abduction); Zone C represents the
position for grade IV laryngeal hemiplegia, or complete
paralysis with no abduction.



laryngeal hemiplegia is made based upon the inability of
the horse to abduct the arytenoid cartilages and maintain
abduction during exercise.

Treadmill endoscopic examination is useful in horses with
grade III ILH because the degree of arytenoid abduction can
be assessed and the optimum treatment prescribed. Horses
with partial arytenoid collapse during exercise often have the
same or better degree of arytenoid abduction than that
obtained after a laryngoplasty.70 These horses frequently
have vocal cord collapse (Fig. 27.24), obstructing the ventral
aspect of the rima glottidis, with little collapse of the ary-
tenoid cartilage. Therefore, sacculectomy or vocal cordec-
tomy, or ventriculocordectomy, rather that laryngoplasty,
might more accurately alleviate the obstruction.

Sound analysis can be helpful in the diagnosis of laryngeal
hemiplegia.24,71 Joint time-frequency analysis of airway
sounds during exercise may help quantitate the upper airway
sounds of horses such that ILH can be diagnosed during exer-
cise without access to videoendoscopy. From sounds recorded
during exercise, laryngeal hemiplegia is identified by the
presence of sound throughout inhalation and exhalation 
and the presence of three frequency bands centered on
0.3 kHz, 1.6 kHz and 3.8 kHz are seen during inhalation
(Fig. 27.25A, B).24

In the laboratory, airway mechanics can be measured, accu-
rately assessing the degree of laryngeal function and dysfunc-
tion.64,65,72 In addition, blood gas measurements can help to
determine the degree of ventilation compromise caused by
laryngeal hemiplegia.65 Typically, horses with laryngeal hemi-
plegia develop worsening exercise-induced hypoxemia (PaO2 =
53 torr) and hypercapnia (PaCO2 = 53 torr) compared with
control values (PaO2 = 69 torr and PaCO2 = 44 torr).65

Electrodiagnostic testing of the thoracolaryngeal reflex
latency and velocity has been shown to have no correlation
with endoscopic examination, and therefore, is not useful in
the assessment of laryngeal function.6

Treatment and prognosis

Therapeutic aims

The goal of therapy is to restore the diameter of the rima glot-
tidis and to prevent dynamic collapse of the vocal cord and
arytenoid cartilage during inspiration, minimizing resistance to
airflow. The problem resides in the fact that the larynx has both
digestive and respiratory functions. The arytenoid cartilage
must fully abduct (larynx must be fully dilated) during strenu-
ous exercise and fully adducted (larynx must fully close) during
swallowing. Therefore, treatments aimed at permanently
increasing the diameter of the rima glottidis tend to interfere
with laryngeal adduction during swallowing and protection of
the airway.

Therapy

The treatment of laryngeal hemiplegia was first described by
Günther in 1866. He evaluated the effects of various types of
arytenoidectomy and ventriculectomy.63 These treatments
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Fig. 27.25
(A) Spectrogram of respiratory sounds from a horse with
normal upper airway function.Time is on the abscissa,
frequency on the ordinate. Sound level increases with
brightness of the color (black indicates no sound). Inspiration
is indicated by a star, expiration by an arrow.The top line of
the graph is sound pressure level, a measure of sound
intensity. (B) Spectrogram of respiratory sounds for a horse
with laryngeal hemiplegia. Notice the formants of inspiratory
noise centered at 0.3, 1.6, and 3.8 kHz.

Fig. 27.24
Endoscopic
image of the
larynx of a
horse with
grade III
idiopathic
laryngeal
hemiplegia
and vocal
fold collapse.
Notice how
the left vocal
fold collapses
across the
rima glottidis
(arrow).
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were failures, probably due to surgical techniques that were
state-of-the-art at the time. In 1907, Williams introduced the
ventriculectomy.73 This treatment was later modified by Sir
Hobday who improved the technique by creating a laryngo-
tomy that did not invade (incise) the thyroid and/or cricoid
cartilage and performed the ventriculectomy bilaterally.73

Quinlan and Morton (1957) further modified the technique
by adding the cordectomy to the procedure.74 The current
laryngoplasty technique was first described in 1970.75

Although some minor variations in the surgical technique
have been developed since its original description, the basic
principle remains the same. Specifically, one or two prosthetic
sutures are placed between the caudodorsal aspect of the
cricoid cartilage and the muscular process of the arytenoid
cartilage, mimicking the action of the dorsal cricoarytenoid
muscle. Various types of arytenoidectomies, both partial and
subtotal arytenoidectomy, were introduced in the early
1980s.76 Partial arytenoidectomy, or removal of all parts of
the arytenoid cartilage except the muscular process, achieves
the best mechanical result, optimizing the area of the rima
glottidis.76,77 The neuromuscular pedicle graft procedure is
the most recent surgical treatment for ILH and is performed
by grafting neuromuscular bundles composed of the first cer-
vical nerve and omohyoideus muscle to the atrophied
cricoarytenoideus dorsalis muscle or by anastomosing
branches of the first cervical nerve to the abductor branch of
the left recurrent laryngeal nerve.78,79 The omohyoideus
muscle is a secondary muscle of respiration and contracts
during intensive breathing efforts. Therefore, following these
procedures, there is no change in laryngeal function or 
the aperture of the rima glottidis at rest, which minimizes
aspiration, but first cervical nerve and omohyoideus mus-
cle activity during intense exercise causes arytenoids
abduction.78,79

The value of surgical therapy for ILH depends on whether
the complaint is exercise intolerance, noise production, or
both. Ventriculochordectomy is effective in reducing airway
noise and stabilizing the arytenoid cartilage during exercise,
but does not improve airway mechanics in horses with ILH as
well as other surgical procedures.64,80,81 Therefore, ventricu-
locordectomy is the recommended surgical therapy of choice
for horses with ILH that produce an abnormal airway noise
during exercise, while performing at low intensity.73,81 Also,
ventriculocordectomy or cordectomy is the surgical treat-
ment of choice for horses with vocal fold collapse.

Laryngoplasty or laryngeal prosthesis is the current
standard surgical treatment for horses with grade IV laryn-
geal hemiplegia. Laryngoplasty reduces the high inspira-
tory upper airway impedance measured in horses with
experimentally induced left laryngeal hemiplegia.64,72,80 The
value of adding the ventriculectomy and ventriculocordec-
tomy to further improve the size of the rima glottidis after
laryngoplasty is controversial. Ventriculocordectomy or ven-
triculectomy improves the size of the rima glottidis and,
therefore, is routinely performed in addition to laryngo-
plasty.82–85 However, ventriculectomy or ventriculocordec-
tomy with laryngoplasty yields no improvement in airway
mechanics compared with laryngoplasty alone as evaluated

with airway impedance measurement or flow-volume loop
analysis in horses with experimentally created ILH.64

Ventriculocordectomy with laryngoplasty does improve ven-
tilation compared with laryngoplasty alone based upon blood
gas measurements.86 However, the controversial addition of
ventriculocordectomy or ventriculectomy to the laryngo-
plasty procedure as surgical therapy for horses with grade IV
ILH may be resolved as follows. First, airway impedance
measurements and flow-volume loop analysis suggest that 
airway function is normal following laryngoplasty. How-
ever, clearly the size of the rima glottidis of a horse with 
grade IV ILH following laryngoplasty is smaller than the rima
glottidis of a normal horse. In fact, in the clinical population
of horses with grade IV ILH and laryngoplasty, the left ary-
tenoid cartilage is rarely in a maximally abducted position.70

Indeed, despite the fact that the majority of horses have 
the arytenoid cartilage abducted to approximately 80% of
maximal abduction immediately after surgery, 6 weeks later
that degree of abduction decreases to just above the resting
position.70 The rima glottidis is not restored to normal size
after surgery yet airway mechanics are comparable to those
measured in normal horses, suggesting that upper airway
mechanics testing is relatively insensitive to small changes in
function that may, indeed, lead to larger changes in per-
formance. This is consistent with the results in the clinical
population of horses where successful performance is
restored by laryngoplasty and ventriculocordectomy, but 
at a lower level. In addition, a population of horses with
laryngeal hemiplegia treated with laryngoplasty alone later
develop dynamic collapse of the vocal folds, which may occur
because of the relaxation of the laryngoplasty and para-
median position of the corniculate process of the arytenoid
cartilage.

Partial arytenoidectomy is performed in some horses for
treatment of ILH but these horses fail to return to their previ-
ous level of competition.87 Furthermore, although airway
mechanics measurements are improved following partial
arytenoidectomy, impedance values are significantly higher
than those of horses treated with laryngoplasty or those of
normal horses.88

Laryngeal reinnervation returns upper airway mechanics
during exercise to normal, but the time required for success-
ful reinnervation is 9 to 12 months.78 Therefore, this proce-
dure is generally reserved for yearlings or performance horses
other than race horses.78

The current treatment of choice for horses with grade IV
laryngeal hemiplegia is the placement of a laryngeal prosthe-
sis, or laryngoplasty and a ventriculocordectomy.

Prognosis

The clinical results of treatment of laryngeal hemiplegia with
collapse of the upper airway (grade III and IV) are highly
dependent on the activity of the horse. Horses used for show
and jumping have a 90% chance of returning to their same
level of function, while the prognosis is worse for race horses,
approximately 60–70%.70,82,85 Age at which the race horse
had a laryngoplasty performed may affect prognosis. Two-
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year-old horses respond less favorably to surgery than do
older horses.83–85 It is likely that the difference is due to the
unknown level of performance in untested 2-year-old race
horses, where approximately 30% of the population reaches
the racetrack during the fall of their 2nd year.

Complications of the laryngoplasty include (1) continued
exercise intolerance and respiratory noise in 30 to 40% of
horses during exercise, (2) chronic coughing due to abduc-
tion of the left arytenoid cartilage and the resulting inability
of the larynx to protect the trachea from aspiration of ingesta
in 20 to 40% of horses, and (3) loosening of the prosthetic
suture(s) and loss of an initial degree of abduction in approx-
imately 10% of horses.77,82–85

Etiology and pathophysiology

Anatomical considerations

The recurrent laryngeal nerve exits the caudal brainstem as
part of the vagus nerve (cranial nerve X) and descends along
the trachea dorsal to the common carotid artery with a dif-
ferent course between the left and right recurrent laryngeal
nerves. The right recurrent laryngeal nerve leaves the vagus
nerve at the level of the second rib turning around the costo-
cervical trunk before ascending toward the larynx. The left
recurrent laryngeal nerve leaves the vagus nerve as the latter
crosses the aortic arch. The left recurrent laryngeal nerve
then runs around the concavity of the aortic arch before
ascending toward the larynx. Both recurrent laryngeal
nerves ascend cranially, ventral to the common carotid
artery, to innervate all intrinsic muscles of the larynx except
for the cricothyroid muscles, which are innervated by the
ipsilateral external branch of the cranial laryngeal nerve.

The nerve cell bodies of the neurons of the recurrent
laryngeal component of the recurrent laryngeal nerves were
recently mapped in horses.89 They were found to be in similar
locations in the nucleus ambiguus as in small laboratory
species.89 This new information may allow more precise eval-
uation of the status of the nucleus ambiguus in horses
affected with ILH. The microscopic appearance of the periph-
eral nerve has been well described.90,91 At the proximal
aspect of the recurrent laryngeal nerve, there are large
myelinated axons that innervate the intrinsic laryngeal
muscles and cervical esophagus. There are also a large
number of unmyelinated axons arranged in large fascicles
that are either sensory or postganglionic autonomic fibers.
Mostly large myelinated axons with a few unmyelinated
axons remain at the distal extremity of the nerve.90,91

Pathology

Idiopathic laryngeal hemiplegia is a peripheral neuropathy
characterized by a distal loss of large myelinated fibers (distal
axonopathy) and neurogenic atrophy of the intrinsic laryn-
geal muscles supplied by the recurrent laryngeal nerve.90–94

Histologically, sections of the cricoarytenoideus dorsalis
muscle exhibit fiber type grouping intermixed with atrophic
fibers, suggestive of denervation and reinnervation.94

Interestingly, there is a preferential atrophy of the adductor
muscles in some horses so adductor deficit of the left ary-
tenoid cartilage is observed despite normal abductor function
in affected horses.93 In addition, although the disease affects
preferentially the left recurrent laryngeal nerve, there are
some mild pathological lesions found in the right recurrent
laryngeal nerve and associated right intrinsic laryngeal
muscles.

There is not a perfect correlation between nerve and
muscle histopathology and clinical disease or the degree of
arytenoid dysfunction.90,91,94 Horses with a clinical laryngeal
grade IV (true laryngeal hemiplegia) have marked pathologi-
cal lesions. Likewise, there is a good clinical correlation
between adductor muscle lesions and their loss of adductor
function. Many horses have histopathological lesions with no
clinical signs of disease.90,94 Horses with left-sided ILH can
have histopathologic evidence of right-sided lesions without
right-sided clinical signs. This subclinical disease and its pro-
gression are not well understood. The progression from
laryngeal grade I to grade IV is variable. Some horses show
no progression in their laryngeal grade and stay at laryngeal
grade III for years while others progressed over a period of 2
to 4 months from normal to grade IV.95,96

Etiology

As indicated by its name, the etiology of ILH is unknown.
Anatomically, the course of the left recurrent laryngeal nerve
around the aorta, combined with the pathological appear-
ance of the nerve, is suggestive of a compressive lesion, and
led to the theory that the aortic pulse against the recurrent
laryngeal nerve might be involved in the pathological
process. Experimentally, constricting sutures were placed
around the recurrent laryngeal nerve and a mixed array of
abductor and adductor axons were affected along the course
of the nerve, which is quite different that what is seen in the
clinical disease.91,93

Risk factors for ILH include gender, breed, size, and
perhaps genetics. Male horses are over-represented, as are
Thoroughbred and draft horses.97,98 Horses greater than 
16 hands have a higher incidence of ILH and the disease is
rarely reported in ponies.97–99 There may also be a genetic
basis for ILH.99

Additional causes of ILH included perivascular injections
with caustic substances, heart base tumors or other thoracic
masses, exposure to organophosphates or lead, thiamine
deficiency, and guttural pouch infections, and various neuro-
logic diseases such as equine lower motor neuron disease.

Arytenoid chondritis

● Arytenoid chondritis has three clinical presentations that
include mucosal ulceration, granulation tissue formation,
and cartilage deformity and airway obstruction.

● Clinical signs during exercise mimic those seen in idio-
pathic laryngeal hemiplegia.
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● Endsocopic examination is diagnostic for arytenoid chon-
dritis.

● Once the arytenoid cartilage is abscessed and deformed,
the treatment is surgical arytenoidectomy.

Recognition

History and presenting complaint

Horses affected only with ulcerative lesions of the mucosa on
the axial surface of the corniculate processes of the arytenoid
cartilages (Fig. 27.26) are generally asymptomatic at rest and
during exercise. The lesions are identified during endoscopic
examination for reasons unrelated to abnormal airway func-
tion. Horses with granulation tissue originating from the ary-
tenoid cartilage and protruding into the lumen of the rima
glottidis (Fig. 27.27) or horses with severe arytenoid cartilage
abscessation and deformity (Fig. 27.28) have clinical signs of
exercise intolerance and upper respiratory noise very similar
to horses with laryngeal hemiplegia. If the abscess within the
cartilage is large enough, the arytenoid cartilage may be
deformed such that it causes severe obstruction of the rima
glottidis. Horses with severe airway obstruction due to the
deformed, abscessed arytenoid cartilage show signs of respi-

ratory distress such as difficulty breathing or dyspnea and
inspiratory wheezing.

Physical examination

Palpation of the throat and larynx is usually normal. The
larynx has a normal contour and asymmetry of the cricoary-
tenoideus dorsalis muscles is not detected, as in idiopathic
laryngeal hemiplegia. Rarely will there be perilaryngeal
swelling associated with infection of the arytenoid cartilage. If
upper respiratory infection is still present, a horse with ulcera-
tion of the mucosa covering the arytenoid cartilage may cough.

Horses that have arytenoid chondritis characterized by
granulation tissue formation protruding from the arytenoid
cartilage, with or without cartilage deformity, may be exer-
cise intolerant and make an abnormal inspiratory noise
during exercise. If the airway obstruction is severe enough to
cause airway obstruction at rest, aspiration of feed contents
may occur, accompanied by coughing and signs of aspiration
pneumonia, though this is rare. Depending upon the severity
of respiratory distress, a tracheostomy may be warranted
before further diagnostic evaluation is performed.

Special examination

Endoscopic examination of the larynx is frequently diagnostic
for arytenoid chondritis. The morphology of the arytenoid car-
tilages and the integrity of the overlying mucosa should be eval-
uated, as well as any purulent exudates that may be draining
from the cartilage (Fig. 27.29). In addition, it is important to
assess the degree of arytenoid movement. If a tracheostomy has
been performed, the endoscope can be passed retrograde
through the tracheostomy site to further evaluate the morphol-
ogy of the arytenoid cartilage (Fig. 27.30).

Radiographic examination can also help to identify
enlarged or mineralized arytenoid cartilage.

Treatment and prognosis

Therapeutic aims

If mucosal ulceration of the arytenoid cartilage is the only
abnormality and the morphology and function of the ary-
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Fig. 27.26
Endoscopic
image of the
larynx of a
horse with
‘kissing
lesions’ on
the axial
aspect of the
mucosa
covering the
corniculate
processes of
the arytenoid
cartilages
(arrow).

Fig. 27.27
Endoscopic image
of the larynx of a
horse with
arytenoid
chondritis. Notice
the granulation
tissue (arrow)
protruding from the
left arytenoids.

Fig. 27.28
Endoscopic image
of the larynx of a
horse with severe
arytenoid
chondritis. Notice
the severely
deformed left
arytenoid cartilage,
causing rostral
displacement of the
palatopharyngeal
arch (arrow).



tenoids are normal, the goal of treatment is to reduce the
local inflammation and prevent bacterial invasion of the ary-
tenoid cartilage. Systemic and topical anti-inflammatory and
antimicrobial therapy form the basis of treatment in these
cases. Granulation tissue protruding from the arytenoid car-
tilage is removed sharply or with a laser, and if no abnormal-
ity of the arytenoid cartilage or its function is detected,
systemic and topical anti-inflammatory and antimicrobial
therapy are prescribed.100 In chronic cases where the ary-
tenoid cartilage is deformed, abscessed, and dysfunctional,
the goal of treatment is to restore the diameter of the rima
glottidis by surgical removal of the granuloma and the ary-
tenoid cartilage.101–103

Therapy

Ulceration of the mucosa covering the arytenoid cartilage is
a subclinical finding that is important because the ulcer can
serve as an entrance for bacterial invasion into the arytenoid
cartilage, potentially leading to abscessation and deformity of
the arytenoids.104 Treatment consists of local therapy with
an anti-inflammatory throat spray (glycerin 250 mL,
250 mL DMSO 90% and nitrofurazone 50 mL of a
25 mg/mL solution) applied using a 10-French infant feeding
tube placed through the nose to the nasopharynx, 20 cc,
twice daily. Systemic antibiotics are prescribed for 3 weeks
(trimethoprim sulfa, 15 mg/kg, p.o. q 12 h) and a non-steroidal
anti-inflammatory drug (phenylbutazone or flunixin meglu-
mine) for 7–10 days. Endscopic re-evaluation of the larynx
should be performed in 3 weeks, with lesions usually healing
in 3–6 weeks.

Protruding buds of granulation tissue with normal ary-
tenoid cartilage abduction are treated with surgical resection of
the lesion and medical treatment of the resulting mucosal defect
as described above. Endoscopic re-evaluation should be per-
formed in 3 weeks and again in 2 to 3 months to determine 
if the lesion recurs or the process extends into the arytenoid
cartilage, resulting in chondritis and cartilage deformity.

In acute cases of unilateral arytenoid chondritis, medical
treatment as described above is initiated. The abscessed carti-
lage is probed to determine if surgical drainage is possible.100

To accomplish this, the horse is sedated and, via endoscopy,
local anesthetic is liberally applied to the laryngeal mucosa.
The ventral throat area is clipped and aseptically prepared
and local anesthetic is injected subcutaneously 5 to 7 cm on
ventral midline. A #15 blade is used to make a stab incision
through the skin, muscle, and cricothyroid membrane. A
5 mm trochar is placed through the stab incision and the
cricothyroid membrane into the lumen of the larynx. An 
18-gauge needle is placed through the mucosal defect into
the arytenoid cartilage in the area where the granulation
tissue was resected. A curette is used to enlarge the opening,
initiating drainage of purulent exudate. This procedure is
performed with endoscopic guidance in a standing, sedated
or anesthetized horse. Following drainage of the abscess, the
lesion may regress completely with return of full cartilage
abduction. In bilateral cases, even a return to motion of one
of the arytenoid cartilages would significantly increase the
prognosis for athletic soundness as unilateral arytenoidec-
tomy is more successful and has less morbidity than bilateral
arytenoidectomy.

In chronic cases of arytenoid chondritis or if following
drainage of the abscess, the arytenoid cartilage function
failed to return, an arytenoidectomy is performed. Two types
of arytenoidectomy can be performed: partial and subtotal
arytenoidectomy.101–103 The partial arytenoidectomy
includes removal of all portions of the arytenoid cartilage
except the muscular process of the arytenoid cartilage.
Subtotal arytenoidectomy involves removal of the body of the
arytenoid cartilage, leaving the muscular and corniculate
processes. Subtotal arytenoidectomy has been shown to yield
minimal improvement in airway diameter because the
unsupported corniculate process collapses into the rima glot-
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Fig. 27.29
Endoscopic
image of the
larynx of a
horse with
arytenoid
chondritis.
Notice the
purulent
exudate
draining from
the abscessed
cartilage
(arrow).

Fig. 27.30
Endoscopic image of the lumen of the larynx of a horse with
arytenoid chondritis. Notice the abscessed arytenoid cartilage
bulging into the laryngeal lumen.The image was taken by
passing the endoscope retrograde, through the tracheotomy
site.

Tracheal
lumen

Chondritic
arytenoid
cartilage



tidis during inhalation.105 However, it preserves best the pro-
tective mechanism of the larynx and is associated with less
aspiration of feed material. Partial arytenoidectomy provides
the best improvement in airway diameter, with a small risk of
aspiration of feed material.106 Therefore, if the goal of
therapy is restoration of athletic performance, unilateral
partial arytenoidectomy is recommended. Following ary-
tenoidectomy, the horses should be fed and watered from the
ground to minimize tracheal contamination.

Prognosis

The prognosis for resolution of mucosal ulcers with medical
therapy, without the progression to arytenoid chondritis, is
excellent. Horses treated with medical therapy for granula-
tion tissue protruding from the arytenoid have a 30% chance
of developing arytenoid chondritis. The prognosis for pasture
soundness or light riding following arytenoidectomy is very
good.103 In rare cases, tracheal aspiration of feed material
occurs at times, resulting in aspiration pneumonia. Bilateral
arytenoidectomy has a less favorable prognosis because the
potential for aspiration of feed and laryngeal stenosis is
increased.107

Experimentally, in horses with laryngeal hemiplegia airway
mechanics are improved but do not return to normal follow-
ing partial arytenoidectomy.106 There is little clinical data avail-
able documenting the prognosis for athletic soundness for
horses with arytenoid chondritis treated with arytenoidec-
tomy.101–103,107 For horses with laryngeal hemiplegia, the prog-
nosis for athletic soundness is very similar whether they are
treated with laryngoplasty or partial arytenoidectomy.103

Etiology and pathophysiology

Etiology

The arytenoid cartilages are a pair of laryngeal cartilages that
articulate with the cricoid cartilage. This articulation is the
fulcrum for arytenoid cartilage abduction and adduction. The
arytenoid cartilage has two processes: the vocal process where
the vocal ligament is attached and the muscular process where
the cricoarytenoid dorsalis muscle (the laryngeal abductor
muscle) inserts (Fig. 27.31).1 The comma-shaped corniculate
process is attached to the apex of the arytenoid cartilage and
forms the dorsal border of the rima glottidis.

Arytenoid chondritis develops following trauma to the
mucosa of the arytenoid cartilage and invasion of bacteria into
the cartilage. In humans, cattle, and presumably horses trauma
occurs following severe coughing episodes where the arytenoid

cartilages contact each other during these marked adduction
episodes, creating contact ulcers.104,108 During marked adduc-
tion, the point of contact of the arytenoid cartilage is a few mil-
limeters proximal to the vocal process. Therefore, an acute
upper respiratory infection (i.e. laryngitis) can be an initiating
cause of arytenoid chondritis. Inflamed, swollen laryngeal
mucosa may be more susceptible to trauma and the develop-
ment of contact ulcers. Other causes include iatrogenic damage
to the mucosa of the arytenoid cartilage during nasogastric
intubation, endoscopy, or by coarse feed material.

Pathophysiology

Arytenoid chondritis has three clinical presentations affect-
ing one or both arytenoid cartilages: mucosal ulceration,
granulation tissue projecting in the lumen of the larynx, and
arytenoid cartilage abscessation, deformity and dysfunction.
Following ulceration of the arytenoid cartilage mucosa, local
bacterial invasion of the body of the arytenoid cartilage
causes a superficial chondritis resulting in the production of
granulation tissues and a fistulous tract. If the infection
extends deeper in the body of the cartilage, an abscess may
form, and enlargement and deformation of the arytenoid 
cartilage, and lack of movement result.

The physical presence of the granulation tissue protruding
into the rima glottidis causes a static luminal obstruction during
both inspiration and expiration. When the cartilage is deformed
and immobile, dynamic inspiratory obstruction occurs.

Prevention

Prevention of this syndrome is difficult. Preventing trauma to
the arytenoid cartilage by minimizing nasogastric intubation
and endoscopic examination is prudent. Treatment of
mucosal ulceration and granulation tissue can prevent
further bacterial invasion of the cartilage and more severe
chondritis from developing.

There has been one report of an association in Thorough-
bred horses of equine lymphocyte antigen A9 and chondritis
suggesting a possible genetic predisposition to this disease.109

Rostral displacement of 
the palatopharyngeal 
arch – fourth and sixth
branchial arch defect or 
cricopharyngeal–laryngeal
dysplasia

● Rostral displacement of the palatopharyngeal arch results
most commonly from laryngeal cartilage malformation.

● Rarely are horses affected at rest but show signs of exercise
intolerance and abnormal respiratory noise during
exercise.
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Fig. 27.31
Illustration of the anatomy of the arytenoid cartilage.



● Surgical correction is usually unsuccessful due to the car-
tilage deformity, which most commonly involves the
thyroid cartilage.

● Rostral displacement of the palatopharyngeal arch occurs
secondarily in horses with arytenoid chondritis, due to
deformity of the arytenoid cartilage.

Recognition

History and presenting complaint

Horses affected with rostral displacement of the palatopha-
ryngeal arch are usually asymptomatic at rest and this con-
dition may be diagnosed during routine endoscopic
examination of the larynx in yearling horses. Clinical signs
are observed during strenuous exercise, frequently when
training is instituted. Clinical signs include poor performance
and an inspiratory noise the severity of which is related to the
severity of the congenital malformation. The character of the
inspiratory noise resembles that heard in horses with laryn-
geal hemiplegia except that it is generally less intense and
shorter in duration. In a recent review of 60 cases, 83% of
horses made abnormal inspiratory noise, 22% had involun-
tary aerophagia, 17% had nasal discharge and coughing,
and 3% reported tympanic colic.110

Physical examination

The most common cause of rostral displacement of the
palatopharyngeal arch is congenital malformation of the
laryngeal cartilages. The larynx should therefore be palpated
in order to detect abnormalities of the laryngeal cartilages.
The most common abnormality is deformation of the wing(s)
of the thyroid cartilage.110 The deformity produces a gap
between the thyroid and cricoid cartilages that can be easily
palpated. Palpation of the muscular processes of the ary-
tenoid cartilages is important because a less prominent or
impalpable muscular process suggests arytenoid and/or
thyroid cartilage malformation. Paralaryngeal cyst can 
occur and cause bulging of the lamina of the thyroid
cartilage that can be felt unilaterally or bilaterally round the
larynx.

Special examination

Endoscopic examination of the larynx is performed to diag-
nose rostral displacement of the palatopharyngeal arch. The
position of the palatopharyngeal arch rostral to the cornicu-
late process of the arytenoid cartilage is pathognomonic 
for rostral displacement of the palatopharyngeal arch 
(Fig. 27.32). In addition, the abductor function of the 
arytenoid cartilages should be carefully evaluated. In a sig-
nificant proportion of horses affected with rostral displace-
ment of the palatopharyngeal arch, incomplete abduction of
one arytenoid cartilage (usually the right) is seen. Endoscopic
examination of the airway while the horse is running on a
treadmill is performed to assess arytenoid function when

abnormal arytenoid cartilage movement is detected during
endoscopic examination in the resting horse.

Radiography of the throat is helpful because horses with
rostral displacement of the palatopharyngeal arch frequently
have an anomaly of the cricopharyngeal sphincter, which is
seen radiographically as a continuous column of air between
the nasopharynx and the esophagus. The presence of redun-
dant tissue dorsal to the corniculate processes of the arytenoid
cartilages is suggestive of rostral displacement of the palatopha-
ryngeal arch. Computer tomography can help identify cartilage
malformation and detect paralaryngeal cysts.

Diagnostic confirmation

The diagnosis is made by a combination of laryngeal palpa-
tion, radiography and videoendoscopic examination of the
upper airway.

Treatment and prognosis

Therapeutic aims

The goal of therapy is to restore airway patency during stren-
uous exercise. The redundant palatopharyngeal arch can be
resected. However, since the cause of the redundant
palatopharyngeal arch is laryngeal cartilage deformation,
the actual cause of the redundant tissue is not treated. If one
of the arytenoid cartilages cannot abduct, procedures used to
treat horses with laryngeal hemiplegia will be ineffective in
this instance because the cartilages are malformed. If a
laryngeal cyst is causing the cartilage malformation, the cyst
can be removed.
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Fig. 27.32
Endoscopic image of the larynx of a horse with rostral
displacement of the palatopharyngeal arch. Notice how the
palatopharyngeal arch (arrow) protrudes over the corniculate
processes of the arytenoid cartilages.



Therapy

If a laryngeal cyst is present, it should be removed using the
lateral laryngeal approach used for laryngoplasty. However, cyst
removal does not ensure return of normal abductor function of
the arytenoid cartilage. This is because multiple concomitant
laryngeal deformations are usually present. Partial arytenoidec-
tomy can be performed in an attempt to maximize the lumen of
the airway. Laryngoplasty is generally unsuccessful at abduct-
ing the arytenoid cartilage because deformities usually include
absence of a normal muscular process. This combined with
thyroid cartilage abnormality diminishes any possible move-
ment at the arytenoid cricoid articulation.

Prognosis

The prognosis for athleticism is guarded, but is related to the
degree of laryngeal cartilage malformation.

Prevention

Because this congenital malformation is probably heritable,
avoiding breeding affected horses will limit occurrence.

Etiology and pathophysiology

Etiology

There is little information on the embryology of horses as it
relates to formation of the larynx and nasopharynx. It is,
however, well known that the human larynx and its intrinsic
musculature, and laryngeal nerves originate from a combi-
nation of the fourth and sixth branchial arches.111,112

Specifically, the cranial laryngeal nerve originates from the
fourth branchial arch and the recurrent laryngeal from the
sixth branchial arch. The epiglottic cartilage develops sepa-
rately as it originated from the hypobranchial eminence.

Rostral displacement of the palatopharyngeal arch is a
congenital anomaly most commonly seen in Thoroughbreds,
which is part of a greater syndrome associated with fourth
and sixth branchial arch defects.110 Abnormalities seen with
this congenital disease include absence of cricopharyngeal
muscles, deformed thyroid cartilage resulting in an increased
space between the thyroid and cricoid cartilage, abnormality
of the cricopharyngeus and thyropharyngeus muscles,
absence or small muscular process of the arytenoid cartilage,
presence of paralaryngeal cyst(s) and associated deformation
of laryngeal cartilage.110,113–116 Vertical displacement of the
lamina of the thyroid cartilage over the muscular process of
the arytenoid cartilage can occur, and this deformity prevents
arytenoid cartilage abduction. The right side of the larynx is
most frequently affected but the deformities can occur bilat-
erally or on the left side.110

Rostral displacement of the palatopharyngeal arch can
also be seen unilaterally with arytenoid chondritis or follow-
ing partial arytenoidectomy. This is thought to be due to the
physical loss of the corniculate process of the arytenoid

cartilage, caudal to which the palatopharyngeal arch mem-
brane normally sits.

Pathophysiology

Most of the clinical signs associated with rostral displacement
of the palatopharyngeal arch are respiratory in origin and
are due to obstruction of the rima glottidis. More rarely asso-
ciated abnormality of the cricopharyngeal sphincter leads to
dysphagia and aerophagia, which can cause tympanic colic
in some horses.

Airway obstruction is caused by collapse of the arytenoid
cartilage across the rima glottidis with minimal contribution
from the palatopharyngeal arch. This occurs for several reasons
including the absence of the muscular process of the arytenoid
cartilage, the insertion of the cricoarytenoideus dorsalis muscle,
preventing abduction of the arytenoid cartilage. The absence of
the cricothyroid articulation leads to caudal displacement of the
arytenoid cartilage instead of abduction.110 Vertical dis-
placement of the thyroid lamina prevents caudolateral 
displacement of the muscular process of the arytenoid 
cartilage, a process needed for abduction of the arytenoid
cartilage.

When rostral displacement of the palatopharyngeal arch
occurs following partial arytenoidectomy, this presentation is
unlikely to be of any clinical significance. Decreased perform-
ance in horses treated with partial arytenoidectomy may
justify endoscopic examination of the larynx with the horse
running on the treadmill to determine if dynamic obstruc-
tion of the airway due to unilateral collapse of the palato-
pharyngeal arch membrane occurs.

The digestive dysfunction is rare and caused by regurgita-
tion of esophageal contents back into the nasopharynx due
to deficiency in the musculature of the cricopharyngeal
sphincter. Regurgitation of feed material back into the
nasopharynx and trachea can result in coughing and nasal
discharges.110,116 In addition, aerophagia created by the
deficient cricopharyngeal sphincter has been reported to
result in tympanic colic.110

Guttural pouch mycosis

Recognition

History and presenting complaint

The most common clinical sign of guttural pouch mycosis is
severe epistaxis caused by erosion of the internal carotid
artery, external carotid artery and/or maxillary artery. Other
clinical signs include mucopurulent or hemorrhagic nasal
discharge, coughing, dysphagia caused by cranial nerve
damage (IX and X), unilateral laryngeal hemiplegia, Horner’s
syndrome (ptosis, miosis, unilateral facial sweating), parotid
pain, tongue paresis, and head shaking.117–119 Endoscopic
examination of the nasopharynx may reveal hemorrhage
from one or both nasopharyngeal openings.
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Physical examination

Physical examination findings vary depending upon the
chronicity of the hemorrhage. If the horse has recently bled
severely due to erosion of a major artery within the guttural
pouch by a mycotic plaque, the horse will show clinical signs
of hypovolemic shock, including sweating, tachycardia, weak
peripheral pulses, pale mucous membranes, and cold ears
and muzzle. Occasionally, if the mycotic plaque forms over
cranial nerves, such as branches of the vagus nerve or the
sympathetic trunk, the horse may have clinical evidence of
dysphagia and aspiration pneumonia or Horner’s syn-
drome.117–119 Tongue paresis can occur presumably due to
hypoglossal nerve involvement.120

Special examination

Endoscopic examination of the nasopharynx and guttural
pouches is diagnostic for guttural pouch mycosis.117,118

Following hemorrhage, a blood clot will protrude from the
affected pouch. If the disease is bilateral or the fungus has
eroded through the median septum, clots may form at both
guttural pouch openings. Inspection of the affected guttural
pouch reveals a single fungal plaque or multiple plaques
associated with the major arteries of the guttural pouch,
including most commonly the internal carotid artery, but
also the external carotid artery, and the maxillary artery 
(Fig. 27.33).119

Laboratory examination

Horses may be anemic if guttural pouch hemorrhage is
severe or chronic.

Diagnostic confirmation

Differential diagnosis for guttural pouch mycosis includes
other conditions that would result in guttural pouch hemor-
rhage, the most common being avulsion of the longus capitis
muscle from the basisphenoid bone, or trauma.121 Biopsy and
culture of the fungal plaque confirms the diagnosis.

Treatment and prognosis

Therapeutic aims

The goals of treatment are to prevent life-ending hemorrhage
and eradicate the fungal infection from the guttural pouch.

Therapy

Medical treatment of guttural pouch mycosis includes topical
application of non-irritating antifungal agents that are effective
against Aspergillus spp., such as itraconazole and enilcona-
zole.122 Medical therapy may be initiated if hemorrhage has not
occurred and the fungal plaques do not involve any blood
vessels. If vascular structures are involved, which is most
common, the goal of surgical therapy is to occlude the affected
arteries.117,118 Most simply, the common carotid artery on the
affected side can be ligated with the horse standing. This may
decrease the hemorrhage, but horses are still at risk for fatal
hemorrhage due to collateral circulation through the circle of
Willis and the palatine arteries.118 Alternatively, a combination
of internal, external and palatine artery ligation and balloon
angioplasty using venous thrombectomy catheters can be per-
formed.117,118 This technique alleviates the possibility of contin-
ued hemorrhage but may result in blindness on the affected side
as a result of ischemic optic neuropathy.123 Affected vessels can
also be occluded by use of detachable balloons (Yocan Medical
Systems, 4 Spirea Ct, Thornhill, Ontario 13T2W1, Canada) or
transarterial coil embolization (Cook Inc., Bloomington, IN).
Briefly, the horse is anesthetized and positioned in lateral recum-
bency with the affected side up. The common carotid artery is
carefully isolated and elevated, permitting catheterization with
an 18-gauge angiographic needle and an introducer system.117

Under fluoroscopic guidance, an angiogram is performed by
injecting 10 to 20 mL of iohexol:heparinized saline, diluted 1:2,
in order to accurately identify the internal, occipital, external,
and maxillary arteries, and any aberrant branches of these
vessels.117 Dacron-fiber-covered, stainless steel occluding spring
embolization coils are introduced into the internal carotid
artery at the level of the basisphenoid bone to prevent retro-
grade flow from the circle of Willis.117 Following occlusion of
the rostral portion of the internal carotid artery, embolization
coils are then placed in the rostral portion of the vessels to
prevent normograde blood flow. If the external carotid or max-
illary arteries are affected, embolization coil vascular occlusion
is performed in the maxillary artery just before the alar
foramen, and in the external carotid artery, just after it bifur-
cates from the linguofacial artery. The common carotid artery is
ligated at the site of catheterization.117

Prognosis

Approximately 50% of horses that bleed severely die from
fatal hemorrhage. If appropriate vascular occlusion is suc-
cessful, the prognosis for life is excellent. Fungal plaques gen-
erally resolve without antifungal medication, 30 to 60 days
following vascular occlusion. Dysphagia, unilateral laryngeal
hemiplegia, and Horner’s syndrome may resolve over 6 to 
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(arrow).
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8 months, or may be permanent. Potential complications
related to the surgical procedures include unilateral blind-
ness, cerebral ischemia, and recurrent hemorrhage.117–119

Prevention

There is no known method of prevention.

Etiology and pathophysiology

Etiology

The etiology is unknown, but Aspergillus spp. is frequently
cultured from the diphtheritic plaques.

Pathophysiology

The fungal plaques grow within the guttural pouch, and if
they erode through the walls of the internal, external, or
maxillary arteries, life-threatening hemorrhage can ensue.
Ligation of the common carotid artery or only proximal liga-
tion of affected arteries frequently leads to subsequent hem-
orrhage due to retrograde flow of blood through the circle of
Willis to the erosion in the internal carotid artery, and flow of
the blood through the palatine artery to the maxillary and
external carotid arteries.119

Epidemiology

There is no known geographical predisposition nor age,
breed, sex, or occupational predilection for guttural pouch
mycosis.

Avulsion of the longus 
capitis/rectus capitis
ventralis muscles

Recognition

History and presenting complaint

Horses with avulsion or rupture of the longus capitis and
rectus capitis ventralis muscles usually have a history of
trauma, such as falling over or being tied and pulling free.121

Occasionally, (one case) the trauma may occur as a result of
the horse throwing its head and neck overzealously. Affected
horses may have bilateral epistaxis, swelling or thickening in
the throatlatch area, and may be ataxic or exhibit other signs
of neurologic dysfunction.121

Physical examination

Horses will often have bilateral epistaxis, may be ataxic or
have cranial nerve deficits, and swelling in the area of

Vyborg’s triangle.121 Affected horses may have signs of
vestibular disease (head tilt, falling, ipsilateral weakness, cir-
cling), facial nerve injury (palsy of facial muscles, inability to
blink, creased lacrimation and keratitis sicca) and cerebral
dysfunction (depressed mentation).

Special examination

Endoscopic examination of the nasopharynx reveals collapse
of the dorsal nasopharynx due to the hematoma formation
within the dorsal and medial tissues of the guttural pouch
and blood or blood clots at the nasopharyngeal openings of
the guttural pouches. Within the guttural pouch, hemor-
rhage and hematoma formation are evident along the medial
wall (Fig. 27.34). Lateral radiographic projections of the gut-
tural pouch region show soft tissue density within the gut-
tural pouch compression of the dorsal nasopharynx, and
avulsion fracture of the basisphenoid bone (Fig. 27.35).

Laboratory examination

Laboratory examination is normal or there is evidence of
hemorrhage.

Diagnostic confirmation

Differential diagnosis for avulsion of the longus capitis and
rectus capitis ventralis muscles is guttural pouch mycosis.
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Fig. 27.34
Endoscopic image of the guttural pouch of a horse that
avulsed the longus capitis and rectus capitis muscles from the
basisphenoid and basioccipitus bones at the base of the skull.
Notice the large hematoma (arrow) within the medial
compartment of the guttural pouch.



The history of trauma and the appearance of the hematoma
within the medial wall of the guttural pouch are diagnostic
for this condition.

Treatment and prognosis

Therapeutic aims

The goal of therapy is to provide supportive care if the horse
has neurologic signs and confine the horse to minimize the
risk of further hemorrhage.

Therapy

Two to three months of stall rest and broad-spectrum antimi-
crobial therapy are warranted due to the hematoma formation
within the guttural pouch.121 Judicious use of non-steroidal
anti-inflammatory therapy for analgesia is recommended. If
neurologic signs are severe and the horse is unable to rise, sub-
dural hemorrhage involving the brainstem and cerebral cortex
may be suspected and euthanasia is warranted.

Prognosis

The prognosis for return to function is good unless neurologic
deficits are severe.121

Prevention

There is no known method of prevention.

Etiology and pathophysiology

Etiology

Avulsion of the rectus capitis muscles usually occurs follow-
ing trauma.

Pathophysiology

Three muscles that flex the head and neck include the 
large longus capitis muscle and two small muscles, rectus
capitis ventralis, and rectus capitis lateralis. These muscle
course ventrally between the guttural pouches from their
attachments on the basisphenoid and occipital bone, form-
ing the cranial medial wall of the guttural pouches.
Simultaneous contraction of these muscles as the horse 
falls over backwards would lead to avulsion fracture from 
the basisphenoid and occipital bones, resulting in
hemorrhage from the guttural pouch and hematoma
formation.

Epidemiology

Horses most commonly affected are young animals early in
their training or breaking program. The disease is less
common in older horses because they are less likely to fall
over backwards or pull back violently when tied.

Temporohyoid 
osteoarthropathy

Recognition

History and presenting complaint

Most horses with temporohyoid ostreoarthropathy have clin-
ical signs suggestive of facial nerve (cranial nerve VII),
and/or vestibulocochlear nerve (cranial nerve VIII) deficits.
Presenting complaints included facial nerve paralysis and lip
droop, head tilt, ataxia or falling, difficulty eating, corneal
ulceration/keratitis, nasal discharge, and head shaking/
tossing.124

Physical examination

Physical examination findings include fever, facial and
vestibulocochlear nerve deficits, including vestibular signs
that may resemble ataxia, pain with manipulation of the
jaw or opening the mouth, blepharospasm and corneal
ulceration.124
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Fig. 27.35
Lateral radiograph of the guttural pouch region of a horse
that avulsed the longus capitis and rectus capitis muscles from
the basisphenoid and basioccipitus bones at the base of the
skull. Notice the bone fragment (arrow) and the hemorrhage
within the guttural pouch.



Special examination

The diagnosis of temporohyoid osteoarthropathy is made based
on physical examination findings and endoscopic examination
of the guttural pouches. Skull radiographs and computed
tomography are sometimes used to help confirm the diag-
nosis or more fully describe the lesion at the temporohyoid
articulation. Osseous proliferation at the proximal aspect of the
stylohyoid bone is seen during endoscopic examination of
the guttural pouch on the affected side (Fig. 27.36) Dorso-
ventral radiographic projections of the skull may show enlarge-
ment of the temporohyoid region. Computed tomographic
scans may show fusion of the temporohyoid joint and osseous
proliferation of the proximal portion of the stylohyoid bone.
Occasionally, fracture of the stylohyoid bone can be seen.
Schirmer tear test can be performed to assess tear production
from the affected eye, especially if signs of facial neuropathy are
present.

Laboratory examination

Most frequently, clinical laboratory examination is normal.
Leukocytosis, lymphopenia, anemia, and hyperfibrinogen-
emia may occur.

Diagnostic confirmation

Endoscopic, radiographic, or computed tomographic evi-
dence of temporohyoid fusion or enlargement are diagnostic
for temporohyoid osteoarthropathy.

Treatment and prognosis

Therapeutic aims

The goals of therapy include resolution of the vestibular 
and facial nerve deficits, treatment or prevention of corneal
ulceration, and protecting the horse from further trauma
resulting from its vestibular disease. Most horses are treated
with antibiotics and non-steroidal anti-inflammatory drugs,
including trimethoprim sulfa, enrofloxacin, or penicillin and
gentamicin for 30 days, and oral phenylbutazone or flunixin
meglumine.124 Surgical treatment or stylohyoidostectomy
involves removing a piece of the stylohyoid bone to minimize
motion at the temporohyoid articulation.125 Corneal ulcers are
treated with topical medication, and if the eyelid is not func-
tional, a tarsorrhaphy may be performed to protect the cornea
until facial neuropathy resolves or improves. Ocular lubricants
can be applied to affected eyes several times daily if the cornea is
healthy but eyelid function is abnormal.

Prognosis

Following temporohyoid osteoarthropathy, 63% of horses
return to athletic activity and most horses return to their
intended use. Rehabilitation time may be long, up to 2 years,
though many clinical signs will abate within 30 to 60 days.124

Prevention

There are no known preventive measures.

Etiology and pathophysiology

Etiology

The etiology is unknown.

Pathophysiology

Temporohyoid osteoarthropathy is probably the result of
primary osteoarthritis of the temporohyoid joint.126

Alternatively, it may be the sequela to otitis media/interna that
develops secondary to hematogenous spread of bacteria,
ascending infection from the respiratory tract, otitis externa, or
extension of guttural pouch empyema.124,127 The infection and
inflammatory reaction of the tympanic bulla, temporohyoid
joint, and stylohyoid bone resolves, leaving bony proliferation of
the proximal stylohyoid bone and fusion of the temporohyoid
joint. Vestibular disease and facial nerve paralysis occur when
osseous proliferation impinges on cranial nerves VII (facial) 
and VIII (vestibulocochlear) or if the petrous temporal bone
fractures. The condition is usually unilateral but can be 
bilateral.

Epidemiology

Temporohyoid osteoarthropathy affects horses of all ages and
sex and does not have a geographic predilection.
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Fig. 27.36
Endoscopic image of the articulation of the stylohyoid bone
and the petrous portion of the temporal bone in a horse with
temporohyoid osteoarthropathy. Notice the enlarged region
(arrow) of the proximal aspect of the stylohyoid bone.



Tracheal obstructive disease

Primary obstructive tracheal disease in horses is rare, and
includes tracheal collapse, fungal granulomas, chondritis,
trauma, and foreign bodies. The equine trachea has an oval
shape and measures approximately 5 by 7 cm, dorsoventrally
to transversely, respectively. It is composed of 48 to 
60 incomplete hyaline cartilage rings interspersed by 
fibroelastic annular ligaments. The dorsal area is made 
up of fibrous tissue and the trachealis muscle, which is
attached to the concave surface of each cartilage ring. The
trachealis muscle allows for changes in diameter of the
trachea during inhalation and exhalation, while the fibro-
elastic annular ligaments permit unimpeded flexion and
extension of the head and neck, important in running
horses.

Recognition

History and presenting complaint

Horses with primary tracheal obstructive disease are exercise
intolerant, make an abnormal respiratory noise during exer-
cise or sometimes at rest, which is characterized as a honking
sound, and have bilateral nasal discharge that may be
mucopurulent or hemorrhagic.

Physical examination

Physical examination is usually normal. If tracheal trauma
has occurred, palpation of the ventral cervical region may
reveal a concavity in the area of previous trauma, swelling,
or scar tissue. Thickened or abnormal tracheal rings may be
palpable in the proximal to middle region of the cervical area
if the rings have been traumatized or are chondritic. If the
trachea is perforated, subcutaneous emphysema is noted
along the neck, withers, and shoulders.

Special examination

Endoscopy, radiography, and ultrasonography can be useful to
assess tracheal abnormalities. If the tracheal lesion is caused by
a static mass, such as a fungal granuloma, chondritic cartilage,
or persistently deformed trachea, endoscopic examination of
the trachea at rest will be useful in assessing the tracheal lumen
(Fig. 27.37A, B). If dynamic tracheal collapse occurs during
exercise, endoscopic examination of the trachea during tread-
mill exercise is required to diagnose the dynamic collapse.128

Lateral radiographs of the trachea are useful in assessing extra-
luminal masses that may cause intraluminal obstruction, as
well as the position and extent of the tracheal lesion, if it is
cranial to the thoracic inlet. Ultrasonography is also used to
evaluate soft tissue densities external to the trachea that may
impinge on the tracheal lumen such as abscesses, hematomas,
or neoplastic lesions.

Laboratory examination

Complete blood count and serum chemistry values are 
usually normal.

Diagnostic confirmation

The diagnosis is confirmed based on endoscopic examination of
the trachea at rest or during treadmill exercise and biopsy,
histopathology, or culture of the mass. Endoscopic examination
of the trachea at rest confirms intraluminal obstruction, which
can occur as a result of trauma. Intraluminal masses, such as
fungal granulomas, are biopsied and submitted for culture and
cytology.129 Granulomatous tracheitis caused by Conidiobolus
coronatus can also be confirmed by agar gel immunodiffusion
assay performed at the Centers for Disease Control and
Prevention, Atlanta, GA.129 Lesions of the tracheal rings, such
as chondritis, are diagnosed based upon endoscopic examina-
tion, history of tracheal trauma or injection, and possibly local-
ization of an abscess within the body of the tracheal cartilage.
Dynamic tracheal collapse is diagnosed by endoscopic examina-
tion of the trachea during treadmill exercise if clinical signs are
not apparent at rest and endoscopic examination of the upper
airway and trachea is normal at rest.128

Treatment and prognosis

Therapeutic aims

The goal of treatment is to ameliorate the tracheal obstruction.
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Therapy

Discrete intraluminal tracheal masses can be excised by use of
transendoscopic contact Nd:YAG laser or sharply through a
tracheotomy incision if the mass is within an accessible area of
the trachea. Treatment of tracheal trauma includes systemic
antimicrobial and non-steroidal anti-inflammatory therapy, if
the tracheal lumen has been penetrated. Individual tracheal
rings that have been traumatically damaged or are chondritic
and cause airway obstruction can be resected.130 Treatment of
tracheal collapse is dependent upon the length and accessibility
of the trachea involved. Some forms of tracheal collapse can be
treated by stenting individual tracheal rings, tracheal prosthe-
sis, or resection and anastomosis of the affected area.130

Granulomatous tracheitis caused by Conidiobolus coronatus was
successfully treated by intravenous sodium iodide 20%,
44 mg/kg, once daily for 7 days followed by 1.3 mg/kg organic
iodide 4.57%, twice daily for 1 year.129

Prognosis

Prognosis for removal of discrete intraluminal masses within
the trachea and return to function is excellent.130 Horses
with tracheal collapse have a good prognosis for life, but a
guarded prognosis for athletic activity.

Prevention

There is no known method of prevention of tracheal
obstruction.

Etiology and pathophysiology

Etiology

Chondritis of tracheal cartilages can occur following 
intratracheal injections or transtracheal aspiration, if a 
tracheal ring is perforated during the injection, trauma, or 
idiopathically.

Pathophysiology

The pathophysiology of tracheal obstruction is based upon
the type of obstruction.

Epidemiology

Tracheal obstruction is rare in athletic horses.
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bronchus subsequently divides into lobar, segmental, and
subsegmental bronchi with the eventual formation of bron-
chioles. In the distal part of the bronchial tree, the terminal
bronchioles lead into poorly developed respiratory bronchi-
oles or open directly into alveolar ducts.1 The tracheo-
bronchial lining consists of tall columnar, pseudostratified
epithelium interspersed with serous and goblet cells.2 This is
supplanted by short ciliated cells and non-ciliated Clara cells
of the bronchioles, and then by type I and type II pneumo-
cytes at the level of the alveoli.3 Type I pneumocytes, with
thin cytoplasmic extensions 0.2 to 0.5 �m thick, cover the
majority of the alveolar surface.3 The cuboidal type II cells,
with their characteristic lamellar cytoplasmic inclusions that
form surfactant, are also considered to be ‘stem cells’, replac-
ing the type I cells in lung injury. Also scattered throughout
the lower respiratory tract are lymphocytes, macrophages,
mast cells and occasional eosinophils, cell types that are crit-
ical for the development of pulmonary immune responses.4

The pulmonary structures are subserved by two vascular
beds. The major source of blood is via the pulmonary circula-
tion, a low-pressure, low-resistance system (during resting
conditions), which participates in gas and heat exchange at
the alveolar level and provides nutrients to the alveolar con-
stituents. The distribution of the pulmonary arterial flow to
the various lung regions in the resting horse does not appear
simply to reflect the effects of gravitational forces or the
effects of pressure gradients between the pulmonary arteries,
veins and alveoli as originally proposed.5 Using microspheres
to examine the distribution of pulmonary blood in resting
Thoroughbreds, Hlastala and colleagues (1996) found that
blood flow to the cranial most portions of the lungs was uni-
formly low (in three of the four horses) and that blood flow
increased linearly with the vertical height of the lung (oppo-
site to gravity).6 Hlastala also found a great deal of hetero-
geneity of blood flow within a single isogravitational plane,
suggesting that pulmonary blood flow is not simply related to
pressure gradients between pulmonary arteries, veins and
the alveoli. Otherwise, at a given vertical height, the distribu-
tion of blood flow would have been homogeneous. The inves-
tigators suggested that the reduction of pulmonary blood
flow to the ventral lung regions might reflect the greater

Physiologic responses to
exercise

Overview

During high intensity exercise, the metabolic demands of the
horse – oxygen consumption and carbon dioxide production
– increase more than 30-fold relative to resting conditions. As
a consequence, the ventilatory output must increase in order
to meet gas exchange requirements and to aid in heat dissi-
pation. Despite the recruitment of respiratory muscles that
produce large inspiratory and expiratory pressures, comple-
mented by the generation of locomotory-associated intra-
thoracic and intra-abdominal pressures, the ventilatory
response of the horse during high intensity exercise is inade-
quate. This finding, along with the lack of training-induced
improvements in respiratory system output, has led many
physiologists to conclude that the respiratory system of the
horse is the major limiting factor to athletic performance.

Structure and function of the lower
respiratory tract

The intrathoracic trachea bifurcates into the right and left
mainstem bronchi at the level of the fifth or sixth intercostal
space and enters the hilum of each lung. At its division from
the trachea, the right bronchus assumes a straighter, more
horizontal position relative to the left bronchus. Each
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length and resistance of the vessels bringing blood to these
areas.

With just mild exercise (trotting), there is a redistribution
of blood flow to the dorsal lung region but no improvement in
the heterogeneity of blood flow at a given isogravitational
plane.7 The increased flow to the dorsal lung regions may
simply reflect regional differences in vascular reactivity,8

regional differences in structure (volume density of capillar-
ies), and/or changes in pulmonary vascular pressures.7

The bronchial circulation, a high-pressure circulatory bed,
is the second source of blood flow to the lungs. At its origin
from the aorta, it is a single vessel that subsequently divides
into a right and left bronchial artery at the hilar region of the
lung. The artery courses along the bronchi and provides nutri-
ents to the lymphatic, vascular and airway components and
supplies arterial blood to the pleural surface.1 In ponies exercis-
ing at 6 m/s (7% incline) for nearly 30 min, the bronchial
blood flow was found to increase 16-fold relative to resting
levels.9 The increase in blood flow, attributed to a decrease in
vascular resistance, was highly correlated with the exercise-
induced increases in the pulmonary artery temperature.

The pulmonary structures are innervated by parasympa-
thetic, sympathetic, and non-adrenergic non-cholinergic
(NANC) pathways.10 The relative contributions of these path-
ways to the airway tone in healthy resting and exercising
horses have been examined. Neither muscarinic blockade of
the parasympathetic system (the vasoconstrictor system) nor
�2-adrenergic activation of the sympathetic system (the
vasodilator system) alters resting airway diameter.

The major function of the lung is gas exchange – uptake of
oxygen and elimination of carbon dioxide. During resting
conditions, the horse, utilizing a breathing frequency of
12–15 breaths per minute and a tidal volume of nearly 
6 liters, produces a total minute ventilation of approximately
72–80 liters per minute.11 During this same period, the horse
consumes approximately 2.1 L/min of oxygen (3000 L/day)
and produces approximately 1.7 L/min of carbon dioxide
(2400 L/day). Thus the lung provides an important means by
which normal arterial oxygen and carbon dioxide tensions
and arterial pH are maintained. As discussed below, impair-
ment of this pulmonary function becomes evident in horses
exercising at intensities exceeding 60–65% of maximum
oxygen consumption.12

Additional functions of the lung include metabolism 
of bioactive amines (pulmonary circulation), production of
surfactant and the maintenance of pulmonary defense
mechanisms. The lower respiratory tract also aids in thermo-
regulation through evaporative heat losses. It has been esti-
mated that approximately 25% of the heat load generated
during low intensity exercise is dissipated through the
respiratory tract.13

Pulmonary function testing

In resting horses, respiratory mechanics (tidal and minute
volume, breathing frequency, dynamic lung compliance and
total pulmonary resistance) have been routinely meas-

ured using flow meters and esophageal balloon catheters
(Table 28.1) or using the technique of forced oscillation.18

Measurement of lung volumes other than tidal and minute
volume requires the use of the inert gas dilution technique
(end-expiratory lung volume, EELV) and the construction of
quasistatic pressure–volume curves obtained in anesthetized
or heavily sedated horses (total lung capacity (TLC), residual
volume (RV)).19,20 Estimates of TLC range from 45 to 55 liters
while those of RV range from 9 to 10 liters (Fig. 28.1). The
variability in the lung volume measurements may be due, in
part, to positional and anesthetic effects.19,21 End-expiratory
lung volume measurements in awake horses using helium
dilution or nitrogen washout techniques yield values ranging
from 20 liters to 35 liters.15,17,22 Note that in horses the term
EELV rather than functional residual capacity (FRC) is used to
describe the volume of gas remaining in the respiratory
system at the end of expiration. As expiration in humans is a
passive process, FRC represents the volume resulting from the
outward recoil of the chest wall and inward recoil of the
lungs. Thus horses, in contrast to humans, breathe below
rather than from the FRC of the respiratory system.23 Vital
capacity of the horse, the amount of air that could be inhaled

600
Respiratory system

VT (L) 4.9 5 4.1 5.7
fb (per min) 15.5 14.5 14.7 9.6
V̊E (L/min) 75 68 60 55
Cdyn (L/cmH2O) 2.3 1.3 – 3.2
RL (cmH2O/L/s) – 0.36 0.61 0.43
Reference 14 15 16 17
VT, tidal volume; fb, breathing frequency; V̇E, expired minute ventilation;
Cdyn, dynamic compliance; RL pulmonary resistance.
Reproduced from Aguilera-Tejero E, Pascoe JR, Smith BL,Woliner MJ 1997
Research in Vet Sci 62:144, by permission of WB Saunders and Lavoie JP,
Pascoe JR, Kupersmoek JJ 1995 American J Vet Res 56(7):926, by permis-
sion of Amer Vet Med Assoc.

Table 28.1 Range of ventilatory parameters in horses during
eupneic breathing
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Fig. 28.1
Equine lung volumes.The total lung capacity (TLC) of the
horse is approximately 60 liters. During eupneic breathing, the
horse uses a tidal volume of 5 liters that may increase to 
18 liters during strenuous exercise. End-expiratory lung
volume during eupneic breathing is 30 liters but has not been
measured during exercise.



following a forced expiration, ranges from 35 to 45 liters 
(Fig. 28.1).

Accurately measuring exercise-associated ventilatory
parameters such as VT, fb, Cdyn, RL in the horse has proven to
be challenging for several reasons. Breathing masks increase
the respiratory tract dead space and cause rebreathing of
carbon dioxide.24 The breathing mask may also alter the
horse’s respiratory pattern such that locomotory:respiratory
coupling during high intensity exercise does not occur.25,26

Flow meters that are attached to the breathing mask – either
pneumotachs (Fig. 28.2A, B) or ultrasonic flow devices 
(Fig. 28.3) – also may be problematic.27 Pneumotachs offer a
resistance to breathing and when they become coated with
airway secretions, overestimate actual airflow.24 Open flow
systems,28 traditionally used to measure metabolic rates
during exercise (Fig. 28.4), have been intermittently con-
verted to closed ventilatory systems, using pneumotach-like
devices. The respiratory parameters of 5–10 breaths are
obtained before gas exchange impairment occurs (rebreath-
ing CO2) or before respiratory secretions accumulate on the
pneumotachograph.24 Ultrasonic flow detectors have also
been used in place of pneumotachs. These devices may
exhibit baseline drift due to moisture buildup and, because
they are sensitive to gas densities, are unable to be used in
studies examining the effects of various gases (heliox) on res-
piratory mechanics.27

Because of technical difficulties, exercise-associated
changes in lung volumes (TLC, EELV) have not been meas-
ured in the horse, confounding the interpretation of
flow:volume loops. (See ‘Mechanical factors limiting ventila-
tion’, below.) It is not known if TLC remains unchanged in
the horse as it does in the human as the determinants of
TLC – respiratory muscle strength, lung and chest wall 
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Fig. 28.2
Flow meter. Diagram (A) and
photograph (B) of a pneumotach
attached to a breathing mask.
This device is used to measure
airflow in resting and exercising
horses.The pressure difference
across a heated screen is
detected during breathing and
transduced to a flow signal.
Pneumotachs may become
coated with airway secretions.
(Reproduced with permission
from Marlin and Roberts.27)

Fig. 28.3
Ultrasonic flow meter. Photograph of a horse wearing a
breathing mask with two ultrasonic flow meters centered
over each nostril.This may offer less resistance to breathing
than the pneumotach, but may suffer from baseline drift.
(Reproduced with permission from Marlin and Roberts.27)



recoil – have not been measured in exercising horses.29 In
humans, FRC decreases with exercise but when high workloads
are imposed, EELV may then increase towards or above normal
due to expiratory flow limitations.30 Although EELV has not
been measured in the horse, exercise-induced increases in the
end-expiratory costal diaphragmatic length (i.e. lengthening of
the diaphragm prior to initiation of inspiration) detected by
sonomicrometry techniques, suggest that EELV decreases.31

The actual volume change in EELV is unknown.

Response of the respiratory
system to exercise

Metabolic demand

The exceedingly high metabolic demands of strenuous exercise
in the horse must be met by corresponding increases in the
output of the respiratory and cardiovascular systems. The
magnitude of exercise-induced changes in mean oxygen con-
sumption (V

•

O2), carbon dioxide production (V
•

CO2) and in heart
rate (HR), as a function of running speed are depicted in 
Fig. 28.5. Note that V

•

O2 and V
•

CO2 increase linearly up to speeds
of 10 m/s and thereafter change little, as evidenced by the
plateau.32 Exercise speeds required to produce 115% V

•

O2 max
would thus be extrapolated by extending the linear portion of

the exercise speed–VO2 relationship. The average maximum
oxygen consumption in horses performing incremental exer-
cise tests has been reported to be 138 mL/kg/min in
Standardbreds33 and 142 mL/kg/min in Thoroughbreds.34

Values as high as 190 mL/kg/min for individual horses have
been recorded. Relative to the resting value of 4–5 mL/kg/min,
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Fig. 28.4
Diagram of an open flow
system used to measure
expired carbon dioxide and
consumed oxygen during
exercise. (Reproduced with
permission from Seeherman
and Morris.28)
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Metabolic demands of exercise.The mean exercise-associated
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O2) and heart rate (HR) in Thoroughbred horses
performing an incremental exercise test. (Reproduced with
permission from Rose et al.32)



this represents a 30-fold increase in oxygen consumption
during strenuous exercise!

Exercise-associated increases in V
•

O2 are mediated by
increases in both oxygen delivery and tissue extraction.
Delivery of oxygen is enhanced not only by increases in
cardiac output, but also by increases in hemoglobin (red cell
numbers) that result from splenic contraction. The spleen,
which stores approximately one-third to one-half of the
horse’s total red blood cells, is the source of the 1.7-fold
increase in hemoglobin at the onset of exercise.35 Indeed,
splenectomy36 reduces maximum oxygen consumption by
approximately 31%. As each gram of hemoglobin is capable
of binding 1.3 mL of oxygen, the total arterial oxygen
content (CaO2), the sum of dissolved and bound oxygen,
increases from a resting value of approximately 21 mL/dL 
to a value of 27 mL/dL in strenuously exercising horses
(Table 28.2).37

Extraction of oxygen at the tissue level is enhanced by 
a right shift of the oxyhemoglobin dissociation curve 
(Fig. 28.6), responding to increases in carbon dioxide ten-
sions, hydrogen ion concentrations or elevations in tissue
temperatures. The net result is that the amount of dissolved
oxygen (PO2) is increased as oxygen is ‘unloaded’ from the
hemoglobin. This improves the oxygen gradient between the
tissue capillary and the cell mitochondria, enhancing diffu-
sion into the cell. In the horse, the primary mediator of the
Bohr effect, the rightward shift of the oxyhemoglobin dis-
sociation curve, appears to be the metabolic acidosis of
exercise.38

The magnitude of tissue oxygen extraction during exer-
cise, the difference between the arterial (CaO2) and venous
oxygen content (CvO2), can be appreciated from the data pre-
sented in Table 28.2. At rest, the horse utilizes approximately
4 mL/dL of oxygen as opposed to the nearly 25 mL/dL con-
sumed when the horse gallops at 14.5 m/s on a grade.
Understandably, venous oxygen tensions are reduced from
40 torr at rest to 12 torr during maximal exercise. Although,
as anticipated, ventilation increases during exercise, the
response is insufficient to prevent the development of arterial
hypoxemia (PaO2 < 85 mmHg) and hypercapnia (PaCO2
> 45 mmHg). (See ‘Gas exchange during exercise’, below.)

Ventilatory output

During exercise, the magnitude of the increase in ventilatory
output will be a function of the intensity and of the dura-
tion of exercise. Representative changes in ventilatory
parameters are shown in Table 28.3 for Thoroughbreds11 and
in Table 28.4 for Standardbreds39 performing an incremental
exercise test.

As shown in Table 28.3, tidal volume (VT) and minute ven-
tilation (V

•

E) increase linearly with treadmill speed and corre-
late with increases in inspiratory muscle activity.40 Breathing
frequency (fb) increases linearly with speed from rest to 8 m/s
but, at faster speeds, only slight increases in breathing fre-
quency occur. In Thoroughbreds, breathing frequency is
entrained or linked to stride frequency during the canter and
gallop, a phenomenon termed locomotory:respiratory cou-
pling (LRC).41 Breathing frequency may or may not be
coupled to stride frequency during trotting and is usually not
linked to stride frequency during walking.42 Interestingly,
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Rest 6 m/s 8 m/s 14 m/s, Recovery
3.5° incline 5 min walk

pHa (mmHg) 7.42 7.44 7.41 7.21 7.13
PaCO2 (mmHg) 43.9 36.5 39.6 50.0 23.8
PaO2 (mmHg) 101.2 104.2 100.9 73.5 96.9
CaO2 (mL/dL) 20.6 26.4 27.1 26.5 27.5
SaO2 (%) 99.0 99.0 98.2 89.3 96.9
PvO2 (mmHg) 40.3 27.7 23.1 14.0 49.6
CvO2 (mL/dL) 16.4 14.3 9.4 2.3 17.4
pHa, arterial pH; PaCO2, arterial carbon dioxide tensions; PaO2: arterial oxygen tensions; CaO2, arterial oxygen content;
SaO2, arterial oxygen saturation; PvO2, mixed venous oxygen tensions; CvO2, mixed venous oxygen content.
Reproduced with permission, from Manohar et al.37

Table 28.2 Blood gas data from Thoroughbreds performing an incremental exercise test on a treadmill
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Fig. 28.6
Oxyhemoglobin dissociation curve.With exercise, there is an
increase in tissue temperature, carbon dioxide production,
hydrogen ion concentration which facilitates unloading of
oxygen (right shift of oxyhemoglobin dissociation curve) at
the tissue capillary. (Reproduced with permission from Fenger
et al.38)



despite the development of LRC, stride length and VT are not
tightly coupled during the canter or gallop. This enables VT to
be increased independently in response to metabolic need or
demand.43 That is, in horses galloping at a constant speed on
a treadmill, increases in the treadmill incline (and in V

•

O2)
induce increases in minute ventilation and in VT without
altering stride length.

In contrast to the exercising Thoroughbred, the trotting
Standardbred utilizes a slightly different breathing pattern.39 At
submaximal exercise, trotters entrain breathing frequency with
stride frequency 1:1 but this ratio changes to 1:1.5, 1:2 or 1:3
at maximum exercise.44 This increases inspiratory 
and expiratory times and generates a greater tidal volume. 
At comparable metabolic workloads (V

•

O2 of Thoroughbreds =
140 mL/kg/min, V

•

O2 of Standardbreds = 133 mL/kg/min),
trotters exhibit a slower breathing frequency and a slightly
greater VT than Thoroughbreds (Tables 28.3, 28.4). At compa-
rable speeds (10 m/s, 0 degrees incline), the ventilatory output

of the Standardbreds exceeds that of the Thoroughbred horses
but the greater response is commensurate with the increased
metabolic workload (166 mL/kg/min versus 114 mL/kg/min).

Exercise-associated alterations in alveolar ventilation (V
•

A)
have also been measured in horses. In a study of
Thoroughbreds performing an incremental exercise test,
Butler and colleagues reported a 20-fold increase in V

•

A from
the resting value (38 L/min) when horses galloped 12 m/s
for 2 minutes.43 The physiologic dead space to tidal volume
ratio (VD/VT) initially increased from the resting value of 0.41
when horses trotted, but then returned to the resting value as
exercise intensity increased. Although VT, V

•

A and VD increase
proportionately with exercise, the increase in alveolar ven-
tilation, relative to the increase in V

•

CO2, is insufficient to
prevent hypercapnia from developing (Tables 28.2, 28.3,
28.4). (See ‘Gas exchange during exercise’, below.)

During exercise, total pulmonary resistance (RL) and the
work of breathing increase exponentially with ventilatory
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Rest Walk Trot Canter Gallop Gallop Gallop Gallop Recovery
1.6 m/s 3.4 m/s 8 m/s 10 m/s 12 m/s 10 m/s, 2° 10 m/s, 4° 10 min walk

VT (L) 4.8 5.8 6.4 9.2 11.5 12.4 12.3 13.2 6.5
fb (per min) 16 65 91 113 122 126 118 121 126
V̊E (L/min) 77 361 564 1042 1335 1562 1453 1585 777
Peak V̊E (L/s) 5.1 14.3 27.6 45.3 55 65.2 60.2 63.9 39.2
Peak V̊I (L/s) 5.1 17.9 30.5 52.5 66.6 77.9 68.5 78.8 31.6
�max Ppl (cmH2O) 4.4 15.6 24.2 56.1 73.4 84.2 77.5 83.9 22.0
Wrm (J/L) 0.41 1.20 2.41 3.82 5.16 6.07 5.37 6.22 2.1
RL (cmH2O s/L) 0.20 0.25 0.30 0.49 0.53 0.52 0.53 0.55 0.25
V̊O2 (mL/kg/min) 4.6 20.2 25.3 85.4 114.3 124.2 124.4 139.3 27.7
V̊CO2 (mL/kg/min) 3.8 15.9 23.1 80.6 113.5 136.2 123.9 142 29.8
PaO2 (mmHg) 92 102 99 83 77 69 72 70 116
PaCO2 (mmHg) 47 46 43 46 49 53 49 49 33
VT, tidal volume; fb, breathing frequency; V̊E, expired minute ventilation; peak V̊E, peak expiratory flow; peak V̊I, peak inspiratory flow; �PPl max, difference between
peak inspiratory and peak expiratory pressure;Wrm, work of breathing;V̊O2, oxygen consumption;V̊CO2, carbon dioxide production.
Note during the last two exercise levels, the treadmill was inclined 2 and 4 degrees respectively.
Reproduced with permission, from Art et al.11

Table 28.3 Ventilatory parameters of Thoroughbred horses during an incremental exercise test and during recovery

Rest Walk Trot Trot Trot Trot Trot
1.7 m/s 4 m/s 7 m/s 8 m/s 9 m/s 10 m/s

VT (L) 5 5 9 13 15 17 20
fb (per min) 19 79 79 79 90 90 90
V̊E (L/min) 95 395 711 1027 1350 1530 1800
pHa (mmHg) 7.37 7.42 7.41 7.37 7.32 7.24 7.22
PaCO2 (mmHg) 44 45 43 46 47 48 51
PaO2 (mmHg) 99 110 99 88 84 80 75
BE (mmol/L) 1.2 1.9 1.9 0.9 –1.4 –4.1 –7.1
V̊O2 (mL/kg/min) 11 29 55 104 133 157 166
V̊CO2 (mL/kg/min) 9 23 53 95 134 168 185
VT, tidal volume; fb, breathing frequency;V̊E, expired minute ventilation; pHa, arterial pH; PaCO2, arterial carbon dioxide
tensions; PaO2, arterial oxygen tensions; BE, base excess.After an 8-minute warm-up period horses exercised for 1
minute at each of the speeds.
Reproduced with permission from Art and Lekeux.39

Table 28.4 Ventilatory parameters of Standardbred horses during an incremental exercise test



output (Table 28.3). The exercise-associated increase in RL is
attributed to the generation of turbulent flow in the upper
respiratory tract during inspiration and the narrowing of
intrapulmonary airways during expiration.11,45,46 Under-
standably, pretreatment of healthy exercising horses with
bronchodilators – clenbuterol, albuterol, or ipratropium –
fails to reduce total pulmonary resistance or the work of
breathing.46,47 Note also in Table 28.3 that the work of
breathing increases 15-fold from the resting value when the
horse gallops at 12 m/s. Minimizing the work of breathing
during high intensity exercise has been suggested as a con-
tributing cause to gas exchange failure in the athletic horse.48

Control of breathing during
rest and during exercise

Rhythmic breathing during eupnea has been attributed to
the workings of a central pattern generator that, through its
effects on the intermediary bulbospinal neurons of the
medulla, ultimately activates inspiratory and expiratory
motoneuron pools of the spinal cord. In the resting horse
both inspiration and expiration are active processes reflecting
the electromechanical activation of the diaphragm (inspira-
tory muscle) and of the transverse abdominal and external
oblique muscles (expiratory muscles).22,23 The role of the rib
cage muscles in generating the breath has not been well
studied in the horse.

During eupneic breathing, the initial generation of inspi-
ratory flow precedes electrical activation of the diaphragm
and is attributed to outward recoil of the chest wall and relax-
ation of abdominal expiratory muscles (Fig. 28.7). With dia-

phragmatic activation, inspiratory airflow again increases,
causing the biphasic flow pattern. During expiration, relax-
ation of the diaphragm contributes to the initial generation of
expiratory flow. Once expiratory muscles are activated, there
is a further increase in expiratory flow.

When horses are exercised, linear increases in the
diaphragmatic electromyogram (EMG) are associated with
linear increases in the transdiaphragmatic pressure 
(Fig. 28.8).40 Abdominal muscles are also recruited during
the exercise hyperpnea. In ponies walking on the treadmill,
there is a temporal correlation between the development of
peak transverse abdominal EMGs and peak positive eso-
phageal pressure, suggesting an expiratory function for this
muscle.49 In contrast, the EMGs of the rectus abdominis 
and abdominal oblique muscles in horses during mild to 
high intensity exercise exhibit a locomotory-associated
modulation.50

The generation of a breath during eupnea or during the
exercise hyperpnea is shaped by inputs from: (i) central and
peripheral chemoreceptors; (ii) mechanoreceptors of the
intra- and extrathoracic airways and lung parenchyma; 
(iii) phrenic afferents; (iv) locomotory-associated stimuli; and
(v) higher central nervous system (CNS) centers.
Chemoreceptors Chemoreceptors are sensors that detect
changes in CO2, O2 and pH and have been classified, based
upon anatomical location, as either central or peripheral. At a
given pH, the ventilatory response of the central chemorecep-
tors, presumed to be located in the medulla, is greater during a
respiratory acidosis than during a metabolic acidosis. The aug-
mented response is attributed to the more soluble CO2 that
easily permeates the blood–brain barrier, activating the central
chemoreceptors. In awake chronically instrumented horses,
activation of central chemoreceptors by hypercapnic challenge
augments both inspiratory and expiratory muscle activation
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Relationship between respiratory flow
(V

•

), gastric pressure changes (Pg) and
respiratory muscle (costal diaphragm
(CS), transverse abdominal (TA) and
external abdominal oblique (EO))
EMGs during eupneic, hypercapnic and
hypoxic breathing.At rest, initial
inspiratory flow precedes activation of
the diaphragm and is attributed to
relaxation of expiratory muscles
(decrease in Pg). Similarly, the initial
generation of expiratory flow
precedes abdominal expiratory muscle
activation and is attributed to
relaxation of inspiratory muscles.With
hypercapnic challenge, inspiratory and
expiratory muscles are recruited to
increase tidal volume and minute
ventilation. Hypoxia causes an increase
in inspiratory muscles but less of an
increase in abdominal expiratory
muscles. (Reproduced with permission
from Ainsworth et al.22)



(Fig. 28.7), leading predominantly to a VT response with little
change in breathing frequency.22

Peripheral chemoreceptors are located at the bifurcation of
the carotid arteries and predominantly detect changes in
oxygen tensions. Activation of peripheral chemoreceptors via
hypoxic challenge increases the magnitude and frequency of
inspiratory muscle activation with little change in abdominal
expiratory muscle activity (Fig. 28.7).22

Although arterial hypoxia and hypercapnia develop
during exercise,12,51 it does not appear to be the result of
impaired chemoreception. When horses breathe a hyperoxic
mixture (inspired fraction (FIO2) = 0.3) while galloping at
14 m/s, there is a reduction in V

•

A relative to normoxic trials –
an expected response. When the FIO2 is reduced from 0.21 to
0.16 in those horses galloping at 14 m/s (causing a corre-
sponding decrease in PaO2 from 56 to 38 torr), tidal volume
and minute ventilation increase 20%, confirming that an
intact hypoxic drive exists.48 Interestingly, when exercising
horses (14 m/s) breathe a hypercapnic gas mixture (FICO2 =
0.06) causing PaCO2 to increase from 50 to 80 torr, ventila-
tion fails to increase in the majority of horses studied.52 The
occasional horse will uncouple breathing with limb move-
ment to increase tidal volume.

The question of why the horse does not increase ventila-
tion in response to the decrease in PaO2 (65% V

•

O2 max) – when
mechanical flow limitations do not exist – is unknown. Some
investigators have suggested that this breathing strategy

simply reflects that of a ‘smart’ ventilatory controller that
‘chooses’ to minimize the mechanical cost of breathing
rather than to optimize blood gas tension and acid–base
balance.48

The question of why the horse develops hypercapnia at
near maximal exercise is discussed below in the section on
‘Mechanical factors limiting ventilation’.
Mechanoreceptors Breathing pattern is also influenced
by mechanoreceptive input from receptors within the
airways of the respiratory system, within the costovertebral
articulations and within the rib cage and abdominal muscu-
lature (spindles, Golgi tendon organs). Within the lung, three
types of pulmonary mechanoreceptors have been identified:
the slowly adapting receptors (SARs), the rapidly adapting
receptors (RARs) and the non-myelinated C fibers.53 Vagally
mediated inputs from the SARs, responding to increases in
lung inflation, feed back onto the central respiratory con-
troller to terminate inspiration and to activate expiratory
muscles. The RARs are mechanoreceptors with a primary
function of mediating augmented breaths or sighs. Changes
in lung compliance during eupneic breathing are thought to
be sensed by RARs which then initiate sighs. Pulmonary and
bronchial C fibers, vagally mediated non-myelinated fibers,
are activated by substances produced, released and catabo-
lized in the lungs (bronchial C fibers) or by mechanical alter-
ations in the lung parenchyma that occur with congestion
and edema (pulmonary C fibers). Their contribution to the
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Fig. 28.8
Relationship between diaphragmatic
activation and mechanical output during
incremental exercise in horses. In panel
A, the linear increase in the diaphragm
(CS) EMG that occurs as horses exercise
at faster treadmill speeds is
demonstrated.The increase in electrical
activity of this inspiratory muscle is
associated with a progressive decrease in
peak esophageal pressure (panel B), a
progressive increase in peak inspiratory
gastric pressure as the diaphragm
descends into the abdominal cavity
during inspiration (panel C) and a linear
increase in the mechanical output of the
diaphragm, the transdiaphragmatic
pressure (Pdi) during exercise.
(Reproduced with permission from
Ainsworth et al.50)



control of breathing in the horse has not been investigated
but in other species, activation results in a tachypneic
pattern.53

In resting ponies, elimination of mechanoreceptor input,
either by vagal cooling or by local anesthesia, prolongs inspi-
ratory time, decreases breathing frequency and RL, increases
VT but has no effect on arterial blood gas tension, minute ven-
tilation and dynamic compliance.54 In ponies performing
mild treadmill exercise (walking, trotting), removal of vagally
mediated afferent inputs via hilar denervation produces
similar effects. There is an increase in VT, a decrease in
breathing frequency and a preservation of minute ventilation
and arterial blood gases.55 Thus, during low intensity exer-
cise, mechanoreceptor inputs are not critical for the exercise
hyperpnea to develop. However, the effects of vagal deaffer-
entation on the pattern of breathing (locomotory:respiratory
coupling) or on gas exchange in horses performing high
intensity exercise remains to be determined.
Phrenic afferents The diaphragm and the non-
respiratory muscles are innervated by small afferents (types
III and IV) that respond to mechanical and chemical
stimuli.56 Although the majority of studies examining the
effects of phrenic afferents on the control of breathing have
been obtained in studies of anesthetized cats and dogs, the
data confirm muscle afferents to be powerful stimuli to venti-
lation. In lightly anesthetized dogs, electrical stimulation of
phrenic afferents causes a 500% increase in ventilation – a
response equivalent to that induced with breathing 10%
CO2!57 Nevertheless, it does not appear that diaphragmatic
afferents are the primary drive for the exercise hyperpnea as
diaphragmatic deafferentation does not affect ventilation or
arterial carbon dioxide tensions in ponies that are mildly
exercised.58,59

Locomotory-associated stimuli Thoroughbred horses
routinely entrain or couple breathing frequency with limb
movement.41,42 The mechanism of this coupling has not been
established but it has been postulated to involve spinal affer-
ents. Evidence for this comes from a study in ponies with
partial spinal cord ablation. The net effect of the intervention
is to attenuate the exercise-induced increases in breathing
frequency, suggesting that feedback from limb movement
modifies the exercise hyperpnea.60

In addition to neural inputs that would affect the pattern
of breathing during exercise, locomotory-associated forces
have also been suggested to significantly contribute to the
exercise hyperpnea. A number of benefits could possibly
derive from integration of locomotion and respiration since
locomotion might affect the mechanical characteristics of
the respiratory system by stiffening the chest wall, by reduc-
ing respiratory system compliance and by increasing the
work of breathing.

Three exercise-associated forces postulated to generate
airflow in horses during locomotion include: (i) the to and fro
movements of the liver and intestines (visceral piston) effect-
ing diaphragmatic movement; (ii) the concussive forces
resulting from limb impact that are transmitted to the tho-
racic cavity to produce pressure and volume changes; and
(iii) the compressive forces developing within the abdominal

cavity during lumbosacral flexion and extension that ultimately
produce pressure and volume changes within the thoracic
cavity. Although this biomechanical model of ventilation fits
well with the observed locomotory movements and respiratory
airflow patterns in galloping horses, little conclusive evidence
exists to support their relative contributions to the exercise
hyperpnea. Young and colleagues have estimated that the vis-
ceral displacements are 230 degrees out of phase with ventila-
tion.61 They suggested that lumbosacral flexion and extension
exerted a more significant biomechanical effect on ventilation.
Frevert and colleagues also studied the breathing pattern of gal-
loping horses that occasionally departed from the 1:1 LRC
ratio.62 By ensemble averaging the horse’s respiratory flow
signals using limb frequency as a trigger, they were able to cal-
culate the contribution of limb concussive forces to ventilation.
They found that stride-related volume excursions averaged
10–20% of the tidal volume. Finally, EMG recordings of respira-
tory muscles obtained in chronically instrumented exercising
horses have clearly demonstrated that increases in phasic elec-
trical activity of the diaphgram correlate with increases in
transdiaphragmatic pressure generation independent of LRC 
(Fig. 28.8).40

CNS inputs Behavioral and thermal inputs from higher
CNS centers influence the pattern of breathing during
eupnea and may also exert modifying influences on ventila-
tion during prolonged exercise in the horse.13,63 For example,
when Thoroughbreds exercise at 40% V

•

O2 max for 60 minutes,
arterial carbon dioxide tensions decrease 10 torr further
from ‘steady-state’ levels occurring 10 minutes into exercise.
During this time, the pulmonary artery temperatures
increase 2.6°C and the work of breathing nearly doubles,
suggesting to the investigators that the stimulus for the venti-
latory increase is a thermoregulatory one.63

Other CNS inputs, specifically those radiating from
locomotory-associated areas in the CNS, have also been sug-
gested to exert a major role in the development of the exercise
hyperpnea. This idea, called the central command concept,
was first proposed by Johansson and later refined in 1913 by
Krogh and Lindhard.64 Increases in ventilation during exer-
cise are hypothesized to arise secondary to neural impulses
emanating from suprapontine structures which ‘command’
muscles to exercise. These impulses radiate to respiratory and
cardiovascular centers and thus stimulate neuronal activity,
driving ventilation and respiratory muscles concurrently. 
The hypothesis was based primarily on the rapidity of the
ventilatory and circulatory responses, which could not be
accounted for by humoral mechanisms.65 Support for the
central command theory comes from studies of decorticate
cats that walk on a treadmill spontaneously or during electri-
cal or chemical stimulation of the hypothalamic locomotor
regions.66,67 In these studies: (i) the respiratory and cardio-
vascular responses preceded spontaneous locomotion – sug-
gesting that the ‘hyperpnea’ was not dependent upon afferent
feedback – and (ii) the ventilatory response was proportional
to the locomotory response. While appealing, the data have
two major limitations. The decorticate cat might not dupli-
cate physiological exercise and the metabolic rate was only
minimally increased during the locomotion.65
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Gas exchange during exercise

When Thoroughbreds or Standardbreds exercise at intens-
ities exceeding 65% of the maximum oxygen consumption
(V

•

O2 max), arterial hypoxemia occurs and the alveolar–arterial
oxygen difference widens.12,44 As exercise intensity exceeds
85% of V

•

O2 max, arterial hypercapnia ensues.12,44,51,68 This is
evident in the data presented in Tables 28.2, 28.3, and 28.4.
Gas exchange failure occurs in horses performing treadmill
incremental tests, treadmill sprint tests69 as well as in horses
exercising on a racetrack.12,68,70

In contrast to the horse, strenuously exercised ponies do
not develop hypoxemia and hypercapnia, but rather develop
an ‘appropriate’ ventilatory response characterized by nor-
moxemia and hypocapnia71 (Table 28.5). The ventilatory
equivalent – the volume of expired (or inspired) gas per
volume of oxygen consumed – is 1.6-fold greater for the pony
as compared to a Thoroughbred! Why the horse fails to
develop an appropriate ventilatory response at submaximal
exercise (i.e. hypoxemia) is unknown and does not appear to
be due to a failure of chemoreception. The inadequate venti-
latory response may simply reflect a breathing strategy that
minimizes the exponential increase in work of breathing
during exercise.48

The mechanisms causing the arterial hypoxemia have
been extensively investigated in exercising horses using a
variety of approaches such as increasing the FIO2 or replacing
inspired nitrogen with helium.72,73 It was not until the multi-
ple inert gas elimination technique was adapted for use in the
exercising horse that the mechanisms causing the reduced
PaO2 and the widened alveolar–arterial oxygen difference
(A–aDO2) could be partitioned out.44,74 In this technique, the
airway elimination of inert gases that are dissolved in saline
and infused into the venous blood is measured. The rate of
elimination is dependent upon the ventilation: perfusion ratio
and upon the solubility of that inert gas in the blood.75

Hypoventilation Although the increase in arterial (and
alveolar) carbon dioxide tensions would contribute to the
development of hypoxemia during exercise by reducing alve-
olar oxygen tensions, hypoventilation is not the major cause
of hypoxemia.51 In fact, it only accounts for a 6–7 torr reduc-
tion in arterial oxygen tensions at the highest exercise levels.

The possible causes of the hypercapnia are discussed in the
section on ‘Mechanical factors limiting flow’, below.
Shunts and ventilation:perfusion inequalities Relative
to the resting condition, exercise does not cause an increase
in intrapulmonary shunts. Thus, these do not contribute to
the development of arterial hypoxemia.44,45 There is,
however, a small but significant increase in the degree of ven-
tilation:perfusion mismatch that develops with exercise. In
Standardbred trotters working at 96% of maximum V

•

O2, ven-
tilation:perfusion mismatch accounts for 36–41% of the
observed arterial hypoxemia.44,76 In Thoroughbreds galloping
at 80% of V

•

O2 max, approximately 25% of the arterial hypox-
emia is attributed to ventilation:perfusion inequalities.74,77

The cause of the ventilation:perfusion mismatch is unknown
but has been hypothesized to be due to the development of
low-grade interstitial edema, pulmonary hemorrhage,
regional differences in pulmonary blood flow, reduced gas
mixing in the large airways or airway obstruction.44

Overtrained horses that exhibit red cell hypervolemia also
have a worsening of exercise-associated ventilation:perfusion
inequalities.76 Typically such horses develop pulmonary arte-
rial pressures during exercise that are significantly greater
than normovolemic cohorts and have an increased incidence
of exercise-induced pulmonary hemorrhage.76

Diffusion limitation The major cause of the exercise-
induced hypoxemia in the horse is a diffusion limita-
tion.12,44,72,74 During exercise, the combination of rapid
pulmonary blood flows coupled with a much reduced
venous oxygen content have been hypothesized to cause
insufficient time to achieve complete equilibration of gas
exchange across the capillary–alveolar interface.
Interestingly, the mean capillary transit time has been esti-
mated using the relationship Vc/Qt, where Vc is the total
capillary blood volume (calculated from morphometric
data)78 and Qt is the cardiac output. Estimates of capillary
transit time range from 386 to 404 milliseconds in the
horse72,76 and exceed transit times of 0.29 seconds for the
dog or 0.35 seconds for the pony.79 However, in contrast to
the horse, the dog and pony do not exhibit diffusion limita-
tion despite markedly shortened capillary transit times.
Some investigators have suggested that the horse may
exhibit a greater degree of heterogeneity in the transit time
or in the diffusion:perfusion that is not accounted for by
simply calculating the mean capillary transit time.74
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Exercise Group PaO
2

PaCO
2

pHa HCO
3

V̇
E
/V̇O

2

intensity (mmHg) (mmHg) (mmol/L)

60% V̊O2 max Thoroughbreds 81 40 7.47 29 27.6
60% V̊O2 max Ponies 89 32 7.44 22 43.7

115% V̊O2 max Thoroughbreds 68 50 7.26 21 26.3
115% V̊O2 max Ponies 95 35 7.30 17 41.9
PaO2, arterial oxygen tensions; PaCO2, arterial carbon dioxide tensions; pHa, arterial pH; HCO3, bicarbonate; V̊E/V̊O2,
ventilatory equivalent.
Reproduced with permission from Katz et al.71

Table 28.5 Comparison of ventilatory responses of ponies and horses at comparable metabolic work
rates after 2 min of exercise



Mechanical factors limiting ventilation

The cause of the hypoventilation (hypercapnia) during high
intensity exercise is unknown but has been postulated to be
due to: (i) an increase in dead space ventilation secondary to
the high breathing frequency; (ii) a mechanical flow limita-
tion that results from the very short inspiratory and expira-
tory times; and/or (iii) locomotory:respiratory coupling.

If metabolic workload is held constant and the horse’s
breathing frequency is manipulated by changing the tread-
mill incline and speed, there is no effect on arterial carbon
dioxide tensions.80 This suggests that dead space ventilation is
not the cause of hypercapnia. The data of Butler and col-
leagues also demonstrated that the ratio of dead space to tidal
volume does not increase with strenuous exercise.43

Interestingly, when fb is manipulated by altering treadmill
speed and incline while preserving metabolic demand, peak
expiratory flow rates change very little (85–95 L/s). This sug-
gests the development of an expiratory flow limitation. As
large expiratory pulmonary pressures are generated during
exercise, dynamic compression of the non-cartilaginous
airways is hypothesized to limit expiratory flow.80 This
hypothesis is supported by data obtained from horses per-
forming strenuous exercise while breathing heliox – a gas
mixture consisting of 15% oxygen and 85% helium.81 By
replacing nitrogen with helium, there is a decrease in the gas
density of the respired mixtures and a reduction in the tur-
bulent flow. Thus, horses galloping at 8 m/s on a 7% incline
while breathing the heliox mixture demonstrate a significant
increase in V

•

O2, V
•

CO2, VT, V
•

E, and fb relative to the normoxic
trials. Furthermore, despite an increase in metabolic work-
load which occurred with the heliox trials, horses were still
able to increase alveolar ventilation sufficiently to reduce the
severity of the arterial hypercapnia by 4 torr!

Definitive proof of an expiratory flow limitation in exercis-
ing horses requires the measurement of flow volume loops
relative to changes in end-expiratory lung volume.41 In
human athletes, expiratory flow limitations (Fig. 28.9) occur
but may also be reduced or minimized during exercise if EELV
is increased.30,82 However, as the athlete breathes from a
higher EELV, the work of breathing is also increased.
Although flow:volume loops have been measured in exercis-
ing horses (Fig. 28.10), it is not known whether limitation
truly occurs and whether the horse can ‘adjust’ EELV to min-
imize the limitations to flow.

The question of whether LRC causes hypercapnia during
high intensity exercise was addressed in a novel study by
Evans and colleagues.83 They measured arterial blood gases,
fb and fs in Standardbred horses that were studied at compa-
rable metabolic workloads either pacing (LRC ratio ≠ 1) or
galloping (LRC ratio = 1). At 100% V

•

O2 max, the PaCO2 of the
galloping horses with strict entrainment was no different
from that of the pacing horses that did not entrain breathing
with ventilation. This suggested that in Standardbred horses,
LRC does not impede alveolar ventilation.83

In summary, expiratory flow limitation may be a plausible
explanation for the development of hypercapnia during near
maximal exercise. However, one cannot discount the possibil-

ity that the pattern of breathings elected by the horse during
strenuous exercise is also one chosen to minimize the work of
breathing, one designed to prevent the development of
diaphragmatic fatigue and one that prevents ‘steal’ of blood
flow from the locomotory muscles.
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Fig. 28.9
Flow:volume loop from a human athlete performing
incremental exercise. Inspiratory flow is below and expiratory
flow is shown above the lung volume axis.The dashed line
indicates the maximum expiratory flow obtainable in that
individual. Eupneic breathing is indicated by the small loop
centered near 4.25l.With the onset of exercise, end-
expiratory lung volume decreases, but as expiratory flow
limitations are reached, end expiratory lung volume increases
(loop moves to the left). (Reproduced with permission from
Johnson et al.82)
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Fig. 28.10
Flow:volume loop from a Thoroughbred horse performing
exercise at 115% V

•

O2 max. Loops were not placed relative to
EELV.The four different loops were obtained while the 
horse exercised at 0% incline (thin solid line); 5% incline
(thick dashed line); 10% incline (thin dashed line) and 20%
incline (thick solid line). (Reproduced with permission from
Bayly et al.80)



Physiologic responses to
training

Responses and mechanisms

As training is associated with increases in aerobic power, it is
logical to assume that the respiratory system would undergo
training-induced adaptations to increase its ventilatory
output. Evans and Rose (1988) examined the effects of a 
7-week submaximal training program on respiratory
responses of Thoroughbred horses.84 Although maximal
oxygen consumption increased by approximately 23%
(attributed to increases in cardiac output and stroke volume),
minute ventilation remained unchanged. Evans and Rose
also found a 6 torr reduction in PaO2 tensions following train-
ing in horses exercising at 100% V

•

O2 max, but this difference
was not statistically significant.84 Art and Lekeux (1993) also
examined the effects of a five-step training program on cardio-
pulmonary and respiratory parameters in Thoroughbred
horses.85 Each step of the program lasted 3 weeks and con-
sisted of a treadmill acclimatization period, a light exercise
period (20 min of turnout), an aerobic training period (walk,
trot, canter 3 days/week), an interval training period and a
detraining period. A standardized exercise test was performed
after each step of the program. Although peak V

•

O2 increased
from approximately 117 mL/kg/min to 145 mL/kg/min at
the end of the training program, training-induced changes in
VT, fb, and V

•

E were not found. The investigators did not measure
concomitant changes in arterial blood gases. Christley and
colleagues (1997) examined the effects of a 16-week training
program on blood gases in Thoroughbreds.86 The program
consisted of an 8-week endurance phase followed by an 
8-week sprint phase. They found that training significantly
increased V

•

O2 max by 19%, decreased PaO2 by 5 torr and
increased PaCO2 by 4 torr. The lack of a significant increase in
alveolar ventilation as metabolic workload increased led to
the deterioration in blood gas values. Roberts et al87 meas-

ured both ventilatory and blood gas parameters in
Thoroughbred horses that underwent a 16-week training
session that closely mimicked the one used for race horses in
Great Britain. They also found a worsening of the arterial
hypoxemia and hypercapnia after training (Table 28.6),87

confirming the findings of previous investigators. Training
does not lead to an improvement in the ventilatory parame-
ters, and because maximum oxygen consumption and
carbon dioxide production increase, there is a worsening of
the blood gases relative to the pre-training values.

In contrast to the studies that have been conducted in
Thoroughbreds, there are few data evaluating the effects of
training on ventilatory parameters in Standardbreds.

In summary, although training-induced modifications of
the cardiac and musculoskeletal systems occur in the horse,
there is a lack of pulmonary adaptations to training. This,
combined with the high metabolic demands placed upon the
horse during high intensity exercise, leads one to conclude
that the respiratory system is a major limitation to the ath-
letic performance of the equine athlete.

References

1. McLaughlin RF, Tyler WS, Canada RO. A study of the subgross
pulmonary anatomy in various mammals. Am J Anat 1961;
109:149–161.

2. Breeze R, Turk M. Cellular structure, function and
organization in the lower respiratory tract. Environ Health
Perspect 1984; 55:3–24.

3. Pirie M, Pirie HM, Cranston S, et al. An ultrastructural study
of the equine lower respiratory tract. Equine Vet J 1990;
22:338–342.

4. Mair TS, Batten EH, Stokes CR, et al. The histological features
of the immune system of the equine respiratory tract. J Comp
Pathol 1987; 97:575–586.

5. Amis TC, Pascoe JR, Hornof W. Topographic distribution of
pulmonary ventilation and perfusion in the horse. Am J Vet
Res 1984; 45:1597–1601.

6. Hlastala MP, Bernard SL, Erickson HH, et al. Pulmonary blood
flow distribution in standing horses is not dominated by
gravity. J Appl Physiol 1996; 81:1051–1061.

7. Bernard SL, Glenny RW, Erickson HH, et al. Minimal
redistribution of pulmonary blood flow with exercise in
racehorses. J Appl Physiol 1996; 81:1062–1070.

8. Pelletier N, Robinson NE, Kaiser L, et al. Regional differences
in endothelial function in horse lungs: possible role in blood
flow distribution? J Appl Physiol 1998; 85:537–542.

9. Manohar M, Duren SE, Sikkes BP, et al. Bronchial circulation
during prolonged exercise in ponies. Am J Vet Res 1992;
53:925–929.

10. Robinson NE. Bronchodilators in equine medicine. Proc Am
Coll Vet Intern Med 1992; 10:287–291.

11. Art T, Anderson L, Woakes AJ, et al. Mechanics of breathing
during strenuous exercise in thoroughbred horses. Resp
Physiol 1990; 82:279–294.

12. Bayly WM, Grant BD, Breeze RG, et al. The effects of maximal
exercise on acid–base balance and arterial blood gas tension in
thoroughbred horses. In: Snow DH, Persson SGB, Rose RJ, eds.
Equine exercise physiology. Cambridge, UK: Granta; 1983;
400–407.

610
Respiratory system

Pre-training Post-training

VT (L) 14.6 15
fb (per min) 125 125
V̊E (L/min) 1550 1800
Peak V̊I (L/s) 79 80
Peak V̊E(L/s) 60 60
pHa 7.25 7.30
PaCO2 (mmHg) 53.6 56.5
PaO2 (mmHg) 81 65
VT, tidal volume; fb, breathing frequency; V̊E, expired minute ventilation;
V̊I, peak inspiratory flow; V̊E, peak expiratory flow; pHa, arterial pH;
PaCO2, arterial carbon dioxide tension; PaO2, arterial oxygen tension.
Reproduced with permission from Roberts et al.87

Table 28.6 Effects of a 16-week training program on ventilatory
parameters in Thoroughbred horses galloping at 12 m/s



13. Hodgson DR, Davis RE, McConaghy FF. Thermoregulation in the
horse in response to exercise. Br Vet J 1994; 150:219–235.

14. Willoughby RA, McDonell WN. Pulmonary function testing in
horses. Vet Clin North Am: Large Anim Pract 1979;
1:171–196.

15. Gallivan GJ, McDonell WN, Forrest JB. Comparative
pulmonary mechanics in the horse and the cow. Res Vet Sci
1989; 46:322–330.

16. Lavoie JP, Pascoe JR, Kupershoek CJ. Partitioning of total
pulmonary resistance in horses. Am J Vet Res 1995;
56:924–929.

17. Aguilera-Tejero E, Pascoe JR, Amis TC, et al. Measurement of
pulmonary diffusing capacity for carbon monoxide and
functional residual capacity during rebreathing in conscious
thoroughbreds. Am J Vet Res 1993; 54:1752–1757.

18. Young SS, Tesarowski D. Respiratory mechanics of horses
measured by conventional and forced oscillation techniques.
J Appl Physiol 1994; 76:2467–2472.

19. Leith DE, Gillespie JR. Respiratory mechanics of normal horses
and one with chronic obstructive lung disease. Fed Proc 1971;
30:556.

20. Couëtil LL, Rosenthal FS, Simpson CM. Forced expiration: a
test for airflow obstruction in horses. J Appl Physiol 2000;
88:1870–1879.

21. Sorenson PR, Robinson NE. Postural effects on lung volumes
and asynchronous ventilation in anesthetized horses. J Appl
Physiol 1980; 48:97–103.

22. Ainsworth DM, Ducharme NG, Hackett RP, et al. Regulation of
respiratory muscle activities during chemoreceptor
stimulation in the adult horse (Equus caballus). Am J Vet Res
1995; 56:366–373.

23. Koterba AM, Kosch PC, Beech J, Whitlock T. Breathing
strategy of the adult horse (Equus caballus) at rest. J Appl
Physiol 1988; 64:337–346.

24. Bayly WM, Schulz DA, Hodgson DR, et al. Ventilatory
responses of the horse to exercise: effect of gas collection
systems. J Appl Physiol 1987; 63:1210–1217.

25. Holcombe SJ, Beard WL, Hinchcliff KW. Effect of a mask and
pneumotachograph on tracheal and nasopharyngeal
pressures, respiratory frequency and ventilation in horses. Am
J Vet Res 1996; 57:250–253.

26. Geor RJ, Staempfli HR, McCutcheon LJ, et al. Effect of gas
collection system on respiratory and stride frequency and
stride length. Equine Vet J Suppl 1995; 18:53–57.

27. Marlin DJ, Roberts CA. Qualitative and quantitative
assessment of respiratory airflow and pattern of breathing in
exercising horses. Equine Vet Educ 1998; 10:178–186.

28. Seeherman JH, Morris EA. Methodology and repeatability of a
standardized treadmill exercise test for clinical evaluation of
fitness in horses. Equine Vet J Suppl 1990; 9:20–25.

29. Stubbing DG, Pengelley LD, Morse J, et al. Pulmonary
mechanics during exercise in normal males. J Appl Physiol
1980; 49:506–510.

30. Henke KG, Sharratt M, Pegelow D, et al. Regulation of
end-expiratory lung volume during exercise. J Appl Physiol
1988; 64:135–146.

31. Ainsworth DM, Eicker SW, Ducharme NG, et al. Costal
diaphragmatic length changes during exercise. Am Rev Resp
Crit Care 1996; 153:A297.

32. Rose RJ, Hodgson DR, Bayly WM, Gollnick PD. Kinetics of VO2
and VCO2 in the horse and comparison of five methods for
determination of maximum oxygen uptake. Equine Vet J 
Suppl 1990; 39–42.

33. Evans DL, Rose RJ. Determination and repeatability of
maximum oxygen uptake and other cardiorespiratory
measurements in the exercising horse. Equine Vet J 1988;
20:94–98.

34. Rose RJ, Hodgson DR, Kelso TB, et al. Maximum O2 uptake, O2
debt and deficit, and muscle metabolites in Thoroughbred
horses. J Appl Physiol 1988; 64:781–788.

35. Landgren GL, Gillespie JR, Fedde MR, et al. O2 transport in 
the horse during rest and exercise. Adv Exp Med Biol 1988;
227:333–336.

36. Wagner P, Erickson BK, Kubo K, et al. Maximum oxygen
transport and utilization before and after splenectomy. Equine
Vet J Suppl 1995; 18:82–89.

37. Manohar M, Goetz TE, Hassan AS. Effect of prior 
high-intensity exercise on exercise-induced arterial 
hypoxemia in Thoroughbred horses. J Appl Physiol 2001; 
90:2371–2377.

38. Fenger CK, McKeever KH, Hinchcliff KW, et al. Determinants
of oxygen delivery and hemoglobin saturation during
incremental exercise in horses. Am J Vet Res 2000;
61:1325–1332.

39. Art T, Lekeux P. Ventilatory and arterial blood gas tension
adjustments to strenuous exercise in Standardbreds. Am J Vet
Res 1995; 56:1332–1337.

40. Ainsworth DM, Eicker SW, Nalevanko ME, et al. The effect of
exercise on diaphragmatic activation in exercising horses.
Respir Physiol 1996; 106:35–46.

41. Attenburrow DP, Goss VA. The mechanical coupling of lung
ventilation to locomotion in the horse. Med Eng Phys 1994;
15:188–192.

42. Lafortuna CL, Reinach E, Saibene F. The effects of
locomotor-respiratory coupling on the pattern of breathing in
horses. J Physiol 1996; 492:587–596.

43. Butler PJ, Woakes AJ, Anderson LS, et al. Stride length and
respiratory tidal volume in exercising thoroughbred horses.
Respir Physiol 1993; 93:51–56.

44. Nyman G, Bjork M, Funkquist P, et al. Ventilation–perfusion
relationships during graded exercise in the Standarbred
trotter. Equine Vet J Suppl 1995; 18:63–69.

45. Art T, Serteyn D, Lekeux P. Effect of exercise on the
partitioning of equine respiratory resistance. Equine Vet J
1988; 20:268–273.

46. Slocombe RF, Covelli G, Bayly WM. Respiratory mechanism of
horses during stepwise treadmill exercise tests, and the effect
of clenbuterol pretreatment on them. Aust Vet J 1992;
69:221–225.

47. Bayly WM, Slocombe RF, Schott HC 2nd, et al. Effects of
inhalation of albuterol sulphate, ipratropium bromide and
frusemide on breathing mechanics and gas exchange in
healthy exercising horses. Equine Vet J 2001; 33:302–310.

48. Pelletier N, Leith DE. Ventilation and carbon dioxide exchange
in exercising horses: effect of inspired oxygen fraction. J Appl
Physiol 1995; 78:654–662.

49. Gutting SM, Forster HV, Lowry TR, et al. Respiratory muscle
recruitment in awake ponies during exercise and CO2
inhalation. Respir Physiol 1991; 86:315–332.

50. Ainsworth DM, Smith CA, Eicker SW, et al.
Pulmonary–locomotory interactions in exercising dogs and
horses. Respir Physiol 1997; 110:287–294.

51. Bayly WM, Hodgson DR, Schulz DA, et al. Exercise-induced
hypercapnia in the horse. J Appl Physiol 1989; 67:
1958–1966.

52. Landgren GL, Gillespie JR, Leith DE. No ventilatory response to
CO2 in Thoroughbreds galloping at 14 m/s. In: Persson SBD,
Lindholm A, Jeffcott LB, eds. Equine exercise physiology 3.
Davis, CA: ICEEP; 1991; 59–65.

53. Coleridge HM, Coleridge JCG. Reflexes evoked from the
tracheobronchial tree and lungs. In: Fishman AP, Cherniack
NS, Widdicombe JG, Geiger SR, eds. The respiratory system.
Part 1, Volume II. Baltimore: Williams and Wilkins; 1986;
395–429.

611
28 Lower airway function: responses to exercise and training



54. Derksen FJ, Robinson NE, Slocombe RF, et al. Pulmonary
function tests in standing ponies: reproducibility and effect of
vagal blockade. Am J Vet Res 1982; 43:598–602.

55. Flynn C, Forster HV, Pan LG, et al. Role of hilar nerve afferents
in hyperpnea of exercise. J Appl Physiol 1985; 59:798–806.

56. Frazier DT, Revelette WR. Role of phrenic nerve afferents in
the control of breathing. J Appl Physiol 1991; 70:491–496.

57. Yu J, Younes M. Powerful respiratory stimulation by thin
muscle afferents. Respir Physiol 1999; 117:1–12.

58. Forster HV, Lowry TF, Pan LG, et al. Diaphragm and lung
afferents contribute to inspiratory load compensation in
awake ponies. J Appl Physiol 1994; 76:1330–1339.

59. Forster HV, Erickson BK, Lowry TF, et al. Effect of
helium-induced ventilatory unloading on breathing and
diaphragm EMG in awake ponies. J Appl Physiol 1994;
77:452–462.

60. Pan LG, Forster HV, Wurster RD, et al. Effect of partial spinal
cord ablation on exercise hyperpnea in awake ponies. J Appl
Physiol 1990; 69:1821–1827.

61. Young IS, Alexander McNR, Woakes PJ, et al. The
synchronization of ventilation and locomotion in horses
(Equus caballus). J Exp Biol 1992; 166:19–31.

62. Frevert CS, Nations CS, Seeherman HJ, et al. Airflow associated
with stride in the horse. Physiologist 1990; 33:A83.

63. Bayly W, Schott H, Slocombe R. Ventilatory responses of
horses to prolonged submaximal exercise. Equine Vet J Suppl
1995; 18:23–28.

64. Krogh A, Lindhard J. A comparison between voluntary and
electrically induced muscular work in man. J Physiol (Lond)
1917; 51:182–201.

65. Dempsey JA, Forster HV, Ainsworth DM. Regulation of
hyperpnea, hyperventilation and respiratory muscle recruitment
during exercise. In: Dempsey JA, Pack AI, eds. Regulation of
breathing. New York: Marcel Dekker; 1995; 1065–1134.

66. Eldridge FL, Milhorn DE, Kiley JP, et al. Stimulation by central
command of locomotion, respiration and circulation during
exercise. Respir Physiol 1985; 59:313–337.

67. DiMarco AF, Ramaniuk JR, von Euler C, et al. Immediate
changes in ventilation and respiratory pattern associated with
onset and cessation of locomotion in the cat. J Physiol (Lond)
1983; 343:1–16.

68. Thornton J, Essen-Gustavsson B, Lindholm A, et al. Effects of
training and detraining on oxygen uptake, cardiac output,
blood gas tensions, pH and lactate concentrations during and
after exercise in the horse. In: Snow DH, Persson SGB, Rose RJ,
eds. Equine exercise physiology. Cambridge, UK: Granta; 1983;
470–486.

69. Christely RM, Evans DL, Hodgson DR et al. Blood gas changes
during incremental and sprint exercise. Equine Vet J Suppl
1999; 30:24–26.

70. Littlejohn A, Snow DH. Circulatory, respiratory and metabolic
responses in Thoroughbred horses during the first 400 meters
of exercise. Eur J Appl Physiol 1988; 58:307–314.

71. Katz LM, Bayly WM, Hines MT, et al. Differences in the
ventilatory responses of horses and ponies to exercise of
varying intensities. Equine Vet J Suppl 1999; 30:49–51.

72. Bayly WM, Schulz DA, Hodgson DR, et al. Ventilatory response
to exercise in horses with exercise-induced hypoxemia. In:
Gillespie JR, Robinson NE, eds. Equine exercise physiology 2.
Davis, CA: ICEEP; 1987; 172–182.

73. Erickson BK, Peischl RL, Erickson HH. Alleviation of
exercise-induced hypoxemia utilizing inspired 79% helium
20.95% oxygen. In: Persson SGB, Lindholm A, Jeffcott LB, eds.
Equine exercise physiology 3. Uppsala, Sweden: ICEEP
Publications; 1991; 54–58.

74. Wagner PD, Gillespie JR, Landgren GL, et al. Mechanism of
exercise-induced hypoxemia in horses. J Appl Physiol 1989;
66:1227–1233.

75. Hedenstierna G, Nyman G, Dvart C, et al.
Ventilation–perfusion relationships in the standing horse: 
An inert gas elimination study. Equine Vet J 1987;
19:514–519.

76. Funkquist P, Wagner PD, Hedenstierna G, et al. 
Ventilation-perfusion relationships during exercise in
Standardbred trotters with red cell hypervolaemia. Equine 
Vet J Suppl 1999; 30:107–113.

77. Seaman J, Erickson BK, Kubo K, et al. Exercise induced
ventilation/perfusion inequality in the horse. Equine Vet J
1995; 27:104–109.

78. Constantinopol M, Jones JH, Weiber ER, et al. Oxygen
transport during exercise in large mammals II. Oxygen uptake
by the pulmonary gas exchanger. J Appl Physiol 1989;
67:871–878.

79. Karas RH, Taylor CR, Jones JH, et al. Adaptive variation in the
mammalian respiratory system in relation to energetic
demand. VII. Flow of oxygen across the pulmonary gas
exchanger. Respir Physiol 1987; 69:101–115.

80. Bayly WM, Redman MJ, Sides RH. Effect of breathing
frequency and airflow on pulmonary function in 
high-intensity equine exercise. Equine Vet J Suppl 1999;
30:19–23.

81. Erickson BK, Seaman J, Kubo K, et al. Hypoxic helium
breathing does not reduce alveolar-arterial PO2 difference in
the horse. Respir Physiol 1995; 100:253–260.

82. Johnson BD, Saupe KW, Dempsey JA. Mechanical constraints
on exercise hyperpnea in endurance athletes. J Appl Physiol
1992; 73:874–886.

83. Evans DL, Silverman EB, Hodgson DR, et al. Gait and
respiration in standardbred horses when pacing and galloping.
Res Vet Sci 1994; 57:233–239.

84. Evans DL, Rose RJ. Cardiovascular and respiratory responses
to submaximal exercise training in the thoroughbred horse.
Eur J Physiol 1988; 411:316–321.

85. Art T, Lekeux P. Training-induced modifications in
cardiorespiratory and ventilatory measurements in
Thoroughbred horses. Equine Vet J 1993; 25:532–536.

86. Christley RM, Hodgson DR, Evan DL, et al. Effects of training
on the development of exercise-induced arterial hypoxemia in
horses. Am J Vet Res 1997; 58:653–657.

87. Roberts CA, Marlin DJ, Lekeux P. The effects of training on
ventilation and blood gases in exercising Thoroughbreds.
Equine Vet J Suppl 1999; 30:57–61.

612
Respiratory system



Recognition of the disease

History and presenting complaint

A mild form of lower airway inflammatory disease commonly
encountered in young athletic horses has been recognized
recently as a separate entity from recurrent airway obstruc-
tion (RAO) and termed ‘inflammatory airway disease’
(IAD).1–3 In the majority of cases, RAO and IAD may be dif-
ferentiated on clinical grounds (Table 29.1). However, some
have argued that, over time, horses with IAD may progress to
RAO.4 The incidence of IAD in race horses may vary between
11% and 65% depending on the diagnostic criteria used
(endoscopy, cytology) and the conditions of examination 
(i.e. before versus after exercise).5–7 Horses with IAD usually
have a history of decreased performance, mild exercise intol-
erance, cough, and increased respiratory secretions.1,8 Foals
and older horses may also suffer from IAD.9,10 In these cases,
the diagnosis is often reached by excluding infectious and
other non-infectious causes of lower airway inflammation.
The possibility of IAD should be considered in horses with
signs of respiratory disease including tracheobronchial
mucopurulent exudate that do not respond, or relapse, after
antimicrobial therapy and further diagnostic tests should be
pursued (e.g. bronchoalveolar lavage).

Duration of IAD is 7 weeks on average with a range from
4 to 22 weeks, which is longer than most infectious respira-
tory diseases.8,11 In a study involving 170 Thoroughbred
horses in training over a 2-year period, it was estimated that
during 8 of the 24 months, horses had some degree of IAD.8

IAD appears to be more common in young athletic horses
with the incidence decreasing with increasing age.6,12 IAD is
particularly common in Thoroughbred and Standardbred
race horses, but has been also reported in a variety of other
breeds such as Quarter Horse, Warmblood, Appaloosa, and
American Saddlebred.7,8,10,13,14 In fact, horses of any breed
may be affected but race horses are over-represented because

Inflammatory airway
disease (IAD, small airway
disease, small airway
inflammatory disease, lower
airway disease, bronchiolitis)

● IAD is associated with exercise intolerance, cough, and
increased respiratory secretions.

● Young athletic horses are commonly affected and up to
65% of race horses have IAD.

● Bronchoalveolar lavage fluid cytology and exercise testing
are valuable diagnostic tools for IAD.

● Horses with IAD exhibit various degrees of airflow
obstruction and airway hyperresponsiveness.

● Etiology of IAD appears to be multifactorial with environ-
mental dusts playing an important role.

● Therapy is aimed at decreasing environmental dusts and
controlling airway inflammation.
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is effective.
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of several factors. First, the major limiting factor to perform-
ance in a race horse is pulmonary gas exchanges.15 Therefore
even a mild degree of respiratory disease may have a pro-
found negative impact on performance whereas the same
problem in a dressage horse would be considered clinically
insignificant. Second, most race horses are kept in an envi-
ronment that is particularly challenging for the respiratory
tract. They are often confined in stables with suboptimal ven-
tilation 24 hours/day (except for the training session),
exposed to high levels of respirable irritants (e.g. dust and
endotoxins from straw and hay), and mingle with a large pop-
ulation of horses originating from various locations.16,17

Third, race-horse training and racing schedule and frequent
traveling are often stressful, impairing the body’s immune
response and commonly resulting in lower airway disease.

The most common complaints reported by owners of athletic
horses with IAD, other than race horses, are chronic cough,
exercise intolerance, and prolonged recovery after exercise.
These horses may be involved in a variety of activities such as
barrel racing, three-day event, dressage, or simply trail riding.
Owners often report a history of infectious respiratory disease in
the months preceding the diagnosis of IAD with several horses
in the barn being affected. The typical history is that all horses
recovered except for the one with IAD, which continued to
cough intermittently while in the stall and/or being ridden.

Physical examination

The most common clinical signs associated with IAD are
increased respiratory secretions, cough, and decreased per-
formance.1,7,18 Estimation of the quantity of mucus present in

the trachea by endoscopy reveals that horses free of respiratory
disease have either no mucus or a few isolated flecks and horses
with IAD have a pool of mucus at the thoracic inlet or a con-
tinuous stream of variable width (Fig. 29.1).5,6 In addition, the
severity of IAD is related to the amount of mucopus and the
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Fig. 29.1
Increased mucopurulent secretions visualized by endoscopy of
the trachea in a horse with inflammatory airway disease.

RAO IAD

Signalment Age > 6 years > 1 year
Activity level +/++ ++/+++

Clinical signs Duration Months to years 1–6 months
Recurrent Not recurrent

Cough Chronic intermittent 38% of cases
Exudate in airways Mucopurulent (++/+++) Mucoid to mucopurulent (+/++)
Lung sounds Breath sounds (++/+++),

wheezes, crackles Normal
Increased respiratory ++/+++ 0/+
efforts
Exercise intolerance ++/+++ +/++

Etiology Allergy to molds Multifactorial

Pathophysiology Lower airway ++/+++ 0/+
obstruction
BALF cytology Neutrophilia (> 25%) Neutrophilia (5–20%)

Eosinophilia (> 1%)
Mastocytosis (> 2%)

Airway +/+++ +/+++
hyper-responsiveness

Histopathology Bronchiolitis ++/+++ +/++
Low/mild: +; medium/moderate: ++; high/severe: +++.

Table 29.1 Comparison between recurrent airway obstruction (RAO) and inflammatory airway disease
(IAD) in horses



percentage of neutrophils in tracheal wash or in bronchoalve-
olar lavage (BAL) fluid.6,10 The incidence of tracheal exudate
has been found to increase after strenuous exercise by some
investigators5 but not by others.19 In healthy horses, the
amount of tracheal mucus is not affected by age.20

Cough is present in only 38% of horses with IAD.
However, 85% of coughing horses have IAD.8,21 Daily obser-
vation of horses in training showed that coughing is not
noted 62% of the time during which they have IAD.8

Epidemiologic studies of Thoroughbred race horses in train-
ing found a strong association between coughing, the
amount of mucus present in the upper airways, and pharyn-
geal lymphoid hyperplasia.12,21 Also, a strong association
exists between coughing, isolation of bacteria, and the degree
of inflammation in tracheal wash fluid.6,21 Nevertheless, bac-
teriologic examination of tracheal wash samples reveals that
35–58% of horses with IAD do not have significant amounts
of bacteria in their tracheal wash fluid.

Other clinical signs of respiratory disease such as nasal dis-
charge and fever do not appear to be associated with the
disease.8 Nevertheless, an increased amount of seromucoid
nasal discharge post-exercise is commonly observed in horses
with IAD. Thoracic auscultation is usually normal; however,
some horses may exhibit increased breath sounds or wheezes.
Horses with severe IAD may have a slightly increased respira-
tory rate and abdominal contraction on expiration. For the most
part, IAD is subclinical and may go undetected unless coughing
is present or tracheal exudate is detected by endoscopy.10

Effects of IAD on performance The negative impact of
IAD on performance is suggested by several studies. A field study
of Standardbred race horses (n = 965) revealed that mucopu-
rulent exudate is visible by post-race endoscopy of the trachea
in 39% of horses finishing in the last two positions compared
with only 10% of horses finishing first or second.7 In other
words, horses finishing in the last two positions were 5.8 times
more likely to have mucopurulent exudate during post-race
endoscopy of the trachea than horses finishing first or second (P
< 0.0001). Another study found that Thoroughbred race
horses exhibiting marked decrease in performance had a
significantly higher percentage of neutrophils in BAL fluid.18

Subsequent return to previous level of performance was
reported in 41% of horses with IAD after implementation of
environmental changes aimed at decreasing the amount of air-
borne dust in the horses’ stall.18 However, no controlled studies
have yet demonstrated a cause and effect relationship between
IAD and decreased performance. Other signs associated with
exercise intolerance are delayed recovery of normal respiratory
rate after exercise and abnormally increased respiratory efforts
compared with the level of work. These latter signs are more
likely to be recognized in athletic horses other than race horses
because most of their activities do not require exercising at or
above maximal aerobic capacity.

The effect of IAD on performance is dependent on the
level of exercise and the severity of the disease. Pulmonary
gas exchange is the limiting factor to performance in fit
horses as illustrated by the marked exercise-induced arterial
hypoxemia and hypercapnia developed by healthy race
horses exercising strenuously.22,23 During a race, horses

exercise at or above maximum aerobic capacity (V
•

O2max). In
this situation, a relatively mild degree of IAD may
significantly impair gas exchange and result in decreased
performance. IAD is not likely to cause exercise intolerance
in a trail riding horse exercising at less than 50% of V

•

O2max
until the disease causes marked airflow obstruction or fre-
quent coughing. Therefore, the clinician needs to select diag-
nostic tools and interpret test results based on the horse’s
fitness level and type of activity.

Mechanisms responsible for decreased performance in
horses with IAD are mainly speculative at this point in time.
A study of Standardbred race horses performing submaximal
exercise tests on a treadmill found that horses with IAD
exhibited increased pulmonary artery pressure and red cell
volume (RCV/kg bodyweight (BW)) in comparison to healthy
controls.24 These findings suggested a compensatory
response to exercise-induced hypoxemia25,26 even though
significant differences in PaO2 between IAD and control
horses were not found. The elevated pulmonary artery pres-
sure was thought to result from increased vascular resist-
ance. Elevation in RCV/kg BW or packed cell volume has been
shown to correlate with increase in pulmonary blood pres-
sure and vascular resistance.27,28 Also, horses with more
severe airway disease such as heaves have significantly ele-
vated pulmonary artery pressure.29,30 Another investigation
evaluating gas exchanges and lung biopsy parameters in
Standardbred race horses showed that horses with IAD had
lower tidal volume and minute ventilation at a speed cor-
responding to a heart rate of 200 beats/min (V

•

E-200/kg BW),
and increased RCV/kg BW.31 In addition, the severity of lung
biopsy score was negatively correlated with V

•

E-200/kg BW,
suggesting that bronchial epithelial hyperplasia of the small
airways was probably causing airflow obstruction. Indeed,
small airway obstruction may be detected in horses with IAD
using sensitive methods such as forced expiration or forced
oscillatory mechanics (Fig. 29.2).10,32,33 One study showed
that race horses with IAD exhibited more pronounced exer-
cise-induced hypoxemia than did healthy controls during a
standardized run to fatigue treadmill test (Fig. 29.3).34 Both
groups of horses had comparable PaCO2, suggesting that
impaired gas exchange was likely to be a result of ventila-
tion–perfusion mismatching and not hypoventilation.
Exercise-induced hypoxemia is a physiologic phenomenon in
horses22 and the degree of arterial hypoxemia is more pro-
nounced as the level of training increases.35 Therefore,
assessment of the significance of exercise-induced hypox-
emia is dependent on control data matched for horses’ age
and fitness level.

Poor performance may result from a variety of causes
such as lameness, exertional rhabdomyolysis, and cardiac
and neurologic diseases. More importantly, it is common to
diagnose several problems in the same horse.36 In a retro-
spective study of 275 horses evaluated because of a com-
plaint of poor performance Morris and Seeherman reported
that 84% of cases were diagnosed with a combination of
problems involving one or more body system.36 These
findings underscore the importance of performing a compre-
hensive evaluation of poorly performing horses.
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Special examination

Endoscopic examination of the respiratory tract is a simple
and valuable diagnostic tool for IAD. Horses with normal res-
piratory tract have at most a few flecks of mucus visible in the
trachea by endoscopy.20,37 Increased mucopurulent exudate
in the tracheobronchial tree is detected in the majority of
horses with IAD (Fig. 29.1). Also, endoscopic examination
and BAL procedure tend to induce more coughing in horses
with IAD.18 However, increased tracheal exudate is present in
the majority of pulmonary diseases other than IAD.37

Cytologic examination of respiratory secretions is impor-
tant when trying to confirm a diagnosis of pulmonary
disease. Tracheal secretions may be collected by direct aspira-
tion or wash of tracheal lumen via transcutaneous catheter-
ization or through an endoscope.38–41 Several studies have
shown an association between IAD and neutrophilia in tra-
cheal secretions.21,42 However, cytologic examination of tra-
cheal mucus in horses free of respiratory disease is highly
variable, as illustrated by the fact that neutrophils may range
from 3 to 83% of cells.43,44 In addition, tracheal wash cytol-
ogy has been found to correlate poorly with pulmonary
histopathology.43,45 Tracheal wash cytology is a useful tool
for investigation of IAD in horse populations for research pur-
poses but may not be as valuable for the diagnosis of IAD in
individual animals. In contrast, variability in BAL fluid cytol-
ogy is limited, with most studies reporting neutrophils < 5%
of cells (Table 29.2).46,47 Furthermore, BAL cytology report-
edly correlates well with histopathology of the lungs48 and
does not correlate with tracheal wash cytology.44

A BAL may be easily performed in field conditions using
either a flexible endoscope (≥ 2 m long) or an equine BAL
catheter at least 2.5 m long and 10 mm diameter with an
inflatable cuff at the end (Bivona, Gary, IN; Cook, Bloomington,
IN; Jorgensen Laboratories, Loveland, CO). The technique has

been described in detail previously.49,50 The horse has to be
sedated with xylazine hydrochloride (0.4–0.8 mg/kg, i.v.) or
detomidine hydrochloride (0.01–0.02 mg/kg, i.v.) and
restrained with a nose twitch. The flexible endoscope or BAL
tube is then passed through the nasal passages and advanced
until wedged into the distal airways. Coughing may be pre-
vented by spraying airways with a 0.2–0.5% lidocaine (ligno-
caine) solution (5–10 mL at a time) as the instrument is
advanced into the respiratory tract, particularly focusing on the
glottis and carina. Horses with IAD may cough excessively
during the procedure and routine premedication with inhaled
albuterol sulfate (1–2 �g/kg) 5–10 minutes prior to the BAL is
beneficial. A 100–300 mL bolus of warm sterile saline solution
is infused under pressure followed by immediate but gentle aspi-
ration of the fluid using 60 mL syringes or a suction pump. It is
important always to use the same technique during a BAL
because the volume of fluid used as well as the number of
boluses administered have a significant effect on cell count and
differential (see Table 29.2). Fluid samples should be processed
within 1 to 2 hours or stored on ice or at 4°C if sample shipping
to the laboratory is to be delayed. Normal BAL fluid should
appear slightly turbid with a layer of white foam on the surface
(surfactant). Between 50 and 90% of the volume infused is
expected to be retrieved.

Lung function can be measured in a variety of ways
including assessment of gas exchanges, determination of
lung volumes (spirometry), and evaluation of the movement
of air in and out the respiratory tract (lung mechanics).
Evaluation of gas exchange was discussed above in the
section on effects of IAD on performance. Spirometry is
useful in severe obstructive diseases such as RAO but not in
milder diseases like IAD. Lung mechanics allows
quantification of the degree of airflow obstruction present in
horses’ airways. Airflow obstruction is the basic mechanism
responsible, at least in part, for some of the manifestations of
IAD such as exercise intolerance and cough. The advantage
of lung mechanics is quantification of airflow obstruction,
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which is often subclinical in horses with IAD, enabling the
clinician to determine the severity of the disease process and
providing objective means of assessing response to therapy.
The disadvantage is that sophisticated equipment and a
sound understanding of respiratory physiology are required.
Therefore, tests of lung mechanics are currently used mainly
in the research arena and in some referral clinics.

There are four main methods used in the horse to evaluate
lung mechanics. First, measurement of pleural pressure
changes in relation to airflow at the nose during normal (tidal)
breathing or ‘conventional lung mechanics’. Second, measure-
ment of airflow during forceful exhalation or ‘forced expira-
tion’. Third, evaluation of the pressure–flow relationship while
an oscillating source of flow is applied to the respiratory system
during tidal breathing (‘forced oscillometry’). Fourth, measure-
ment of thoracic and abdominal volume changes by induc-
tance plethysmography in relation to airflow at the nose during
tidal breathing (‘flowmetrics’). Conventional lung mechanics
was the first test of lung mechanics adapted to the horse51 and
is still commonly used in research.52–54 However, this test has
not been used extensively in clinical settings because it does not
permit detection of airway obstruction until it is severe and

clinical signs are then evident.10,55 Forced expiration (FE) was
initially performed in the horse by Gillespie and Leith in anes-
thetized animals.56 More recently, the technique was adapted
to conscious but sedated horses.57 In people, FE requires the
patient to inhale maximally to total lung capacity (TLC) and
immediately exhale as hard and completely as possible to resid-
ual volume while expiratory flow, volume, and time are
recorded. Expiratory flow is not limited during the first 20% of
the FE when lung volume is close to TLC and is only dependent
on the level of effort. During the rest of the maneuver expira-
tory flow reaches a maximum. Increasing effort will not
increase expiratory flow further; therefore, this later part of the
flow–volume curve is called ‘effort independent’ and reflects
the degree of small airway patency. Similar findings have been
reported in horses where forced expiratory flow during late FE
(i.e. FEF95%) has been shown to be a sensitive parameter for the
detection of mild airway obstruction such as in IAD (Fig.
29.2).10 Forced oscillometry has the advantage of being non-
invasive and has been used both in research and clinical cases.
Horses with IAD often show frequency dependence of resist-
ance with higher values obtained at the lower frequencies
(1–3 Hz) suggestive of heterogeneous airway obstruction.32
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BAL technique Horse Leukocytes Alveolar Lymphocytes Neutrophils Eosinophils Mast Reference
type/ (cells/mL) macrophages (%) (%) (%) cells(%)
number (%)

Control horses
5 × 50 mL saline- Training (no 133.5 ± 56.9 ± 1.9 38.2 ± 1.8 4.1 ± 0.5 0.3 ± 0.2 0.4 ± 0.2 Clark et al328

syringe-endoscope racing)/40 8.2
50 mL saline- Pasture/9 782.2 ± 54.3 ± 16.4 28.8 ± 16.2 14.4 ± 10.1 0.4 ± 1.0 2.0 ± 1.1 Sweeney 
pump-endoscope 272.0 et al329

300 mL saline- Pasture/8 175.9 ± 49.5 ± 13.0 40.4 ± 14.6 2.5 ± 1.5 0.1 ± 0.4 7.4 ± 2.7 Sweeney 
pump-endoscope 110.7 et al.329

3 × 100 mL saline- Pasture/6 378.3 ± 59.2 ± 7.4 33.0 ± 8.1 1.2 ± 1.2 0.2 ± 0.4 6.5 ± 2.1 Sweeney 
pump-endoscope 141.3 et al.329

4 × 60 mL saline- Racing/11 65 ± 6.2 28 ± 5.8 7 ± 3.3 0 ± 0 0.2 ± 0.3 Forgarty and 
syringe-tube Buckley18

1 × 250 mL saline- Racing/12 530 ± 170 60.1 ± 4.8 36.7 ± 5.4 2.2 ± 1.4 0.03 ± 0.1 0.4 ± 0.4 Hare et al2

pump-endoscope
300 mL LRS-BAL Racing/6 153.2 ± 64.8 ± 4.6 28.3 ± 2.9 3.8 ± 0.3 1.2 ± 0.8 0.3 ± 0.3 Rush et al1

tube 17.1
2 × 250 mL saline- Racing/6 360 67.7 31.5 0.4 (0.2–1.4) 0.3(0–1) 1(0–2.8) Hare and 
pump-endoscope (260–540) (61–78.8) (19–35) Viel60

1 × 250 mL saline- Racing/10 445 ± 142 68.8 ± 8.8 22.9 ± 7.4 3.8 ± 5.5 2.0 ± 1.0 1.5 ± 0.3 Couëtil and 
pump-endoscope DeNicola34

IAD horses
4 × 60 mL saline- Racing/65 64 ± 15.2 23 ± 11.4 13 ± 12* 0.1 ± 0.3 0.3 ± 0.7 Forgarty and 
syringe-tube Buckley18

1 × 250 mL saline- Racing/12 590 ± 290 56 ± 13 37 ± 16 4.1 ± 3.5 0.2 ± 0.2 3.1 ± Hare 
pump-endoscope 1.0* et al2

300 mL LRS-BAL Racing/32 366.0 ± 48.4 ± 1.9* 36.0 ± 1.9* 10.4 ± 1.1* 3.8 ± 1.5 1.8 ± 1.5 Rush et al1

tube 16.8
2 × 250 mL saline- Racing/5 650 58.6 25.8 0.8 (0–1.8) 11.8 1.4 Hare and 
pump-endoscope (320–1100) (40.6–62.4) (22.6–31.4) (6.4–26.4)* (0.4–2.4) Viel60

1 × 250 mL saline- Racing/13 582 ± 122 54.8 ± 10.8* 33.6 ± 10.7 12.0 ± 7.7* 0.4 ± 1.4 1.4 ± 0.4 Couëtil and 
pump-endoscope DeNicola34

* Significantly different from controls (P < 0.05).
LRS, lactated Ringer’s solution; BAL, bronchoalveolar fluid.

Table 29.2 Bronchoalveolar lavage fluid cytology in control horses and in horses with inflammatory airway disease (IAD)



Finally, flowmetrics has the greatest potential for use in the field
because it is easily portable and also non-invasive.58

Another means of detecting airway obstruction is by
testing airway reactivity in response to an inhaled irritant
such as histamine. Exaggerated airway narrowing in
response to an irritant is called airway hyper-responsiveness.
Airway reactivity may be quantified using the four tests of
lung mechanics described above.33,57–59 Airway hyper-

responsiveness is a prominent feature of IAD in horses with
increased BAL fluid eosinophil and mast cell counts.33,60 The
sensitivity of forced oscillometry and flowmetrics is enhanced
when used to detect airway hyper-responsiveness. This
increased bronchoconstriction in response to inhaled irri-
tants plays an important role in the pathogenesis of the
cough and presumably exercise intolerance.

Laboratory examination

Hemogram and serum biochemistry of horses with IAD are
usually within normal limits.

Cytologic specimens of BAL fluid are prepared by centrifuga-
tion and processed with Wright’s stain. Differential cell counts
should be determined by examination of at least 200 cells per
slide and preferably 500. Cytologic analysis of BAL fluid allows
recognition of three types of inflammatory profiles in IAD
(Table 29.2).50 The most commonly encountered profile is char-
acterized by an increased total nucleated cell count with mild
neutrophilia (5–20% cells), lymphocytosis, and monocytosis
(Fig. 29.4A).1,10,18 Two other cytologic profiles characterized by
increased percentages of mast cells (> 2%, Fig. 29.4B) and
eosinophils (> 1%, Fig. 29.4C) are also observed in some horses
with IAD.2,60 In contrast, BAL of horses with RAO shows mod-
erate to severe neutrophilia (> 20% cells), lymphopenia, and
decreased alveolar macrophages.10,61,62 Cytology of BAL fluid
collected from horses with RAO in clinical remission may be
normal if sufficient time away from offending allergens has
been allowed. Some RAO cases may be clinically normal but still
exhibit some degree of pulmonary neutrophilia and, therefore,
may be difficult to differentiate from IAD. A practical way to dis-
criminate RAO from IAD is by performing a hay challenge and
monitoring clinical signs of respiratory disease, which should
develop within a few hours to a few days in RAO affected
horses.53,63 Horses with IAD exposed to moldy hay may exhibit
a worsening of coughing and pulmonary neutrophilia.
However, they do not develop increased respiratory efforts or
nostril flaring like RAO affected horses do.

Necropsy examination

Histopathologic examination of the lungs may be conducted
ante-mortem using transcutaneous lung biopsy needles or
post-mortem. Horses with IAD present similar histopathologic
findings to horses with RAO but with less severe and chronic
changes.48 Typical morphologic findings include peribronchi-
olitis, bronchiolitis, bronchiolar epithelial hyperplasia, goblet
cell metaplasia, luminal mucus, and in some cases alveoli-
tis.24,31 Severity of histopathologic changes assessed by a
scoring system appears to be negatively correlated to various
indices of respiratory and cardiovascular function in horses
with IAD.31 Consequently, as pulmonary lesions become more
severe, horses become more exercise intolerant.

Diagnostic confirmation

In horses presenting with clinical signs including cough,
increased respiratory secretions, and poor performance
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detailed history, physical examination, and diagnostic tests
should help eliminate differential diagnoses. Horses with IAD
are not febrile; therefore, presence of a fever suggests infec-
tious respiratory diseases such as viral diseases, broncho-
pneumonia, pleuropneumonia, and pulmonary abscess.
Hematology findings may be helpful. However, they are often
non-specific. Leukocytosis with neutrophilia is commonly
found with bacterial respiratory infections and during the
acute phase of a bacterial infection, increased numbers of

immature neutrophils (‘left shift’) may be observed. Neutro-
philia may also accompany non-infectious inflammatory
diseases (e.g. toxins), neoplasia, mycotic, and parasitic infec-
tions. Hematologic changes during the early phase of a viral
respiratory infection (e.g. influenza) are often characterized
by normocytic, normochromic anemia, lymphopenia or lym-
phocytosis, and sometimes neutropenia.64,65 Neutrophilia
may follow within a week of initial clinical signs, particularly
in cases of secondary bacterial infection. Monocytosis 
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Drug Trade name Dose Number of Device Dose Duration
(Laboratory) delivered doses per of action

per canister
actuation

Bronchodilators
Albuterol Torpex 120 �g 200 3M ED 1–2 �g/kga 1 hour

(Boehringer
and 3M)
Combivent 120 �g 200 AeroMask 2–3 �g/kg 1 hour
(Boehringer) (+ 21 �g

ipratropium)
Proventil 120 �g 200
(Schering)

Ipratropium Atrovent 18 �g 200 AeroMask 0.5–1 �g/kg 4–6 hours
bromide (Boehringer)

Atrovent 0.02% 2.5 mL vial Ultrasonic 2–3 �g/kg 4–6 hours
(Boehringer) solution for nebilizer

nebulization
Combivent 21 �g 200
(Boehringer) (+ 120 �g

albuterol)

Fenoterol Only in AeroMask 2–4 �g/kg
Canada

Pirbuterol Maxair 200 �g 300 3M ED 1–2 �g/kg 1 hour
inhaler
(3M)

Salmeterol Serevent 25 �g 120 (13 g 3M ED 0.5–1 �g 6–8 hours
(Glaxo canister)
Wellcome)

Corticosteroids
Beclomethasone Beclovent 42 �g 200 (16.8 g 3M ED 1–3 �g/kg,

(Glaxo canister) q 12 hours
Wellcome) AeroMask 2–6 �g/kg,

q 12 hours

Fluticasone Flovent 220 �g 120 (13 g AeroMask 2–4 �g/kg,
(Glaxo canister) q 12 hours
Wellcome)

Other
Sodium Generic 0.02% 2 mL vials Jet nebulizer 200 mg,
cromoglycate solution for q 12 hours

nebulization Ultrasonic 80 mg,
nebulizer q 24 hours

3M ED: Aerosol delivery device for equine developed by 3M Animal Care Products; AeroMask: Aerosol delivery device
for equine developed by Trudell Medical International.
a Approved for use in horses at a dose of 360–720 �g per horse no more than four times per day.
q, every.

Table 29.3 Therapeutic aerosols used for the treatment of inflammatory airway disease (IAD) and
recurrent airway obstruction (RAO)



may develop during the recovery phase of a viral infec-
tion.

Coughing is often chronic intermittent (> 3 weeks) in horses
with IAD. Main differential diagnoses are mild cases of RAO and
summer pasture-associated obstructive pulmonary disease
(SPAOPD), and parasitic pneumonitis. Horses with RAO and
SPAOPD typically display severe exercise intolerance and
increased respiratory efforts during periods of disease exacerba-
tion. However, these signs may be subtle during periods of
disease remission. In those cases, pulmonary function testing or
more simply, moldy hay challenge will help reaching a definitive
diagnosis. Neutrophilia is commonly observed in BAL fluid from
horses with RAO, SPAOPD, and IAD.1,61,66 The neutrophilia is
usually more pronounced with RAO and SPAOPD than with
IAD. However, there is significant overlap between diseases.10

Eosinophilic inflammation may be associated with IAD,67 para-
sitic pneumonitis (Parascaris equorum, Dictyocaulus arnfieldi),
hypersensitivity pneumonitis, fungal pneumonia, and cuta-
neous habronemiasis.2,68,69 Clinical signs of parasitic pneu-
monitis are non-specific. Fecal flotation (Baermann technique)
is often not diagnostic of P. equorum infection because migration
through the lungs occurs during the prepatent period.70 D.
arnfieldi follows a complete cycle in donkeys, mules, and asses.
However, the infection is usually not patent in horses. Therefore,
the Baermann fecal flotation is not useful either. P. equorum
pneumonitis is more commonly detected in foals less than 6
month of age. D. arnfieldi usually occurs in horses in contact
with infected donkeys and rarely by ingesting larvae excreted by
infected horses.71 A presumptive diagnosis may be reached
when respiratory secretions reveal eosinophilic inflammation
with sometime evidence of parasite eggs or larvae, exposure to
donkeys exists, and anthelmintic therapy results in clinical
improvement.70 Increased metachromatic cells (mast cells,
basophils) have been described in horses with IAD but this has
not been associated with other types of respiratory disease.2,4

Treatment

Therapeutic aims

Treatment of IAD should combine environmental changes and
medical therapy. The goals of medical therapy are to control
airway inflammation and relieve airflow obstruction using
mainly corticosteroids and bronchodilators. Most of the drugs
and dosages recommended are based on studies performed on
horses with RAO. However, good clinical response of IAD has
been observed using those guidelines (Table 29.3). Both sys-
temic and aerosolized drugs are effective, but the potential for
adverse effects and prolonged elimination times is greater with
systemic administration. The advantages of aerosol therapy are
ease of administration, high efficacy, and safety. The disadvan-
tages are cost and environmental effects of certain types of pro-
pellants (i.e. CFCs). Non-steroidal anti-inflammatory and
antihistamine drugs are ineffective for the treatment of IAD.

Therapy

Environmental changes Inhaled dust particles play an
important role in the pathophysiology of IAD and treatment

of IAD should always include recommendation to decrease
environmental irritants to airways. Several measures may
help reduce exposure of the horse’s airways to respirable 
particles and are discussed in detail in the section on RAO,
below.
Systemic medical therapy Systemic corticosteroids are
effective for the treatment of non-infectious respiratory inflam-
mation. Nevertheless a good understanding of the relationship
between potency, duration of action, and adrenal suppression is
needed in order to minimize potential undesirable side effects.
The same corticosteroids used for RAO may be used to treat IAD
(see RAO section for complete discussion).

Oral administration of low-dose (50–150 U every 24
hours) interferon alpha (IFN�) for 5 days has been shown to
reduce neutrophil, macrophage, lymphocyte, and total
nucleated cell counts in the BAL fluid of race horses with IAD
followed over 2 weeks.72 A parallel reduction in BAL fluid
immunoglobulins and inflammatory mediators concentra-
tions was demonstrated, which suggested plasma exudation
as a result of airway inflammation.73 Higher doses of IFN�
(450 U) appeared to be less effective. Endoscopic scores based
on respiratory exudate, cough, and pharyngeal lymphoid
hyperplasia were significantly reduced after 1 week of
therapy but were not different from placebo at 2 weeks. Mast
cell and eosinophil counts did not change after IFN� therapy.
Until the pathophysiology of IAD is established, pulmonary
anti-inflammatory effects of IFN� may be attributed to
antiviral activity or immunomodulatory properties.73

Non-specific immunostimulants such as Propionobacterium
acnes are recommended as an adjunct treatment for a variety of
chronic respiratory diseases and as prophylactic agents for
stress-associated (e.g. long-distance transport, weaning) res-
piratory diseases.74,75 However, the efficacy of such therapy has
not been demonstrated conclusively for IAD.
Aerosol therapy This topic is discussed in detail in the 
RAO section. Drugs used in the treatment of IAD are listed in 
Table 29.3.
Corticosteroids No clinical trials have been reported con-
cerning the use of inhaled corticosteroids for IAD. However, the
same drugs used to treat RAO are beneficial for IAD and as a
general rule the low end of the range recommended for RAO is
appropriate for IAD cases. Beclomethasone dipropionate
(2–4 �g/kg, every 12 hours) and fluticasone propionate
(1–3 �g/kg, every 12 hours) are recommended to treat IAD
using commercially available metered dose inhaler (MDI)
delivery devices (AeroMask, Equine Haler). Improved clinical
signs, decreased airway hyper-responsiveness, and reduced
pulmonary inflammation are detectable within 2 weeks of
therapy.
Bronchodilators Bronchodilators are indicated to relax
airway smooth muscle and relieve airflow obstruction. Two
main classes of inhaled bronchodilators have been used in
the horse: �2-agonists (e.g. albuterol) and anticholinergics.
Bronchodilators should not be used as only therapy for IAD
because they do not suppress airway inflammation and do
not reduce airway hyper-responsiveness.76 In addition, pro-
longed use of �2-agonists without corticosteroids induces
receptor downregulation, which renders the drug less effect-
ive. In horses with significant airway obstruction, bron-
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chodilators should be administered prior to corticosteroids in
order to optimize lung deposition.

As for corticosteroids, the choice of inhaled bronchodilator
and dosages recommended to treat IAD are the same as for RAO.
Cromones Sodium cromoglycate (cromolyn) has been
shown to improve clinical signs and to decrease bronchial
hyper-responsiveness when administered to horses with 
IAD characterized by a high mast cell count in BAL fluid 
(Table 29.3).2 However, it is ineffective for the treatment of IAD
with other inflammatory profiles.

Prognosis

Horses with IAD have a good prognosis for return to previous
level of performance. In some cases the disease may recur but
in the majority of cases implementation of environmental
changes combined with medical therapy results in long-
lasting resolution of the clinical signs.

Etiology and pathophysiology

Putative causes of IAD include bacteria, viruses, and inhaled
environmental pollutants with a modulatory role played by
factors such as the horse’s immune response and genetic
make-up.

The likelihood of isolating bacteria from tracheal wash
samples collected from race horses in training is strongly
associated with the cytologic degree of inflammation.6,8,21

Isolation of more than 103 colony-forming units of patho-
genic Streptococcus spp. is also strongly associated with
coughing.21 Bacterial species most frequently isolated are
Streptococcus spp., Pasteurella/Actinobacillus spp., and
Bordetella spp. Mycoplasma have not been reported in horses
with IAD. Reportedly, race horses diagnosed with lower
airway infection based on BAL cytology respond to antibiotic
therapy in 31% of the cases.18 The marked increase in the
risk of coughing in horses with high numbers of bacteria in
tracheal secretions, the common isolation of bacteria with
potential to cause pulmonary disease, and the association
between IAD and detection of intracellular bacteria in tra-
cheal secretions argue for a causative role of bacteria in the
pathogenesis of IAD (see page 683).

However, several factors suggest that bacteria may in fact
be present in the trachea because of contamination during
sampling or transient colonization of the proximal airways.
First, no bacteria are cultured in 27–54% of horses with
IAD.6,77 Second, the trachea is not a sterile environment and
potentially pathogenic bacteria may be isolated by tracheal
wash in 8–25% of healthy horses with isolation of non-
pathogenic organisms in as many as 75% of those
horses.78,79 Third, the presence of bacteria in the airways
may result from decreased mucociliary clearance and not
from primary infection. Fourth, successful treatment of IAD
with oral IFN� or inhaled glucocorticoids suggests that infec-
tious agents are not causative agents but rather opportunistic
invaders of the tracheobronchial tree.4,50,72

Contrary to common belief, respiratory viruses do not
appear to play an important role in IAD. Several reports have

shown no evidence of viral infections in horses with IAD
based on serology or virus isolation aimed at detecting equine
herpes, influenza, adenovirus, and rhinoviruses.5,8,21 These
findings are consistent with the fact that no relationship has
been found between presence of fever and IAD.8

The role of exposure to dust in the pathogenesis of IAD is
suggested by several studies. Healthy yearlings fed hay
demonstrate a significant increase in BAL fluid neutrophil
count and percentage, and a higher airway inflammation
score when housed in a stable than when kept on pasture.80

Natural exposure of healthy horses to moldy hay or con-
trolled exposure to organic molds and endotoxins to levels
encountered during natural exposure results in BAL fluid
neutrophilia62,82,83 and airway hyper-responsiveness.81 Also,
horses in training kept on straw bedding experience episodes
of IAD that last longer than in horses bedded on paper.8 These
findings are consistent with data showing that conventional
horse management consisting of indoor housing with straw
bedding and feeding of hay results in much larger dust expo-
sure levels than housing of horses on wood shavings and pel-
leted feed or keeping them on pasture.16,84 Some horses with
IAD demonstrate increased eosinophil or metachromatic cell
counts in BAL fluid, suggesting hypersensitivity response of
the lower airways to inhaled allergens.1,2,4,60

Atmospheric oxidants such as ozone have the potential to
cause lower airway inflammation in horses, but levels
encountered during natural exposure are unlikely to induce
IAD in otherwise healthy animals.85 Nevertheless, horses
exercising strenuously while exposed to ozone levels compa-
rable to atmospheric concentrations develop histologic evi-
dence of airway damage and horses with IAD have elevated
indices of oxidant injury86 in BAL fluid, suggesting that
oxidant injury may play a role in the pathophysiology if
IAD.85,87

Several additional factors commonly encountered in ath-
letic horses may contribute to the pathogenesis of IAD.
Transportation of horses over long distances may induce
airway inflammation and colonization of the tracheo-
bronchial tree by bacteria.88,89 Strenuous exercise results in
colonization of the lower airways by large numbers of bacte-
ria (10- to 100-fold compared with pre-exercise levels).90

Both heaves in horses and asthma in people have a significant
heritable component.91,92 Therefore, airway response to envi-
ronmental challenges is probably modulated by certain
genes, and study of linkage between respiratory diseases such
as heaves and IAD and certain immunomodulator genes will
help identify animals at risk and in designing better ways of
treating and preventing respiratory diseases.

Epidemiology

Several epidemiologic studies concerning IAD have been con-
ducted on Standardbred and Thoroughbred race horses.
However, only anecdotal reports are available for other
breeds. The incidence of IAD is 22% in Standardbreds based
on endoscopic evidence of mucopurulent exudate in the tra-
cheobronchial tree within 30–90 minutes after a race.7 In
Thoroughbreds in training, the incidence is 50% on average
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using similar endoscopic criteria as in Standardbreds.
However, the incidence ranged from 13% in horses examined
at rest to 65% in horses evaluated after strenuous exercise.5 A
few isolated specks of exudate were observed in 58% of the
horses examined and a continuous stream was present in
42%. Similar results have been reported when the definition
of IAD is based on an inflammation scoring system including
detection of exudate during tracheal endoscopy and propor-

tion of neutrophils and nucleated cell count in tracheal wash
fluid. Only 38% of horses with IAD have a cough. However,
horses that cough are four times more likely to have IAD.8

Monthly fluctuation in the incidence of IAD based on
inflammation score in Thoroughbreds in training may vary
between 0 and 45%.8 Age appears to be a significant factor,
with 2-year old horses being two to seven times more likely to
be affected by IAD than older horses.8,12,42

Prevention

The risk of IAD is significantly lower in older horses, suggest-
ing that development of an appropriate immune response
may protect horses from IAD.12,42 Even though viral diseases
do not appear to play a major role in IAD, proper vaccination
against respiratory pathogens prior to introduction of young
horses into the stable is recommended.

Air quality, in particular low dust level, is an important
part of preventive measures (see discussion of environmental
changes in the RAO section, below). Horses kept in well-ven-
tilated stalls and bedded on shredded paper are four times less
likely to develop IAD than horses housed in closed stalls and
bedded on straw.8 Also, a study showed that young healthy
horses fed hay while being maintained on pasture for a 
3-month period did not exhibit signs of respiratory disease.
However, they developed pulmonary neutrophilic inflamma-
tion within a month of being housed inside a barn on the
same diet and bedded on straw.80 Another study found that
adult horses free of respiratory disease initially and exposed
to incremental amounts of dust for 2 weeks at a time showed
an increased percentage of neutrophils in BAL fluid and an
increase in airway responsiveness to histamine challenge
(Fig. 29.5).81 These studies suggest that exposure of horses to
dust levels commonly encountered in standard housing
systems is sufficient to cause airway inflammation and pul-
monary dysfunction in otherwise healthy horses.

Recurrent airway
obstruction (RAO, SPAOPD,
heaves, chronic obstructive
pulmonary disease (COPD),
broken wind)

● RAO is associated with exercise intolerance, increased tra-
cheobronchial exudate, mild to severely increased respira-
tory efforts, and occasionally cough.

● Mature and older horses housed in stables for extended
periods and fed hay are commonly affected.

● Horses suffering from summer pasture-associated obstruc-
tive pulmonary disease (SPAOPD) are clinically indistin-
guishable from RAO except that they develop clinical signs
while at pasture during the summer.
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Fig. 29.5
Effect of dust exposure on (A) bronchoalveolar lavage fluid
cytology and (B) airway responsiveness to histamine
challenge. Low dust: horse in stall fed pellets and bedded on
wood shavings; Medium dust: horse in stall fed pellets and
bedded on straw; High dust: horse in stall fed moldy hay and
bedded on straw.Total dust was measured in the breathing
zone of the horse. PC20: provocative concentration of
histamine required to decrease FEV1.5 by 20%.



● Bronchoalveolar lavage fluid cytology and response to
bronchodilators are valuable diagnostic tools for RAO.

● Horses with RAO exhibit severe airflow obstruction and
airway hyper-responsiveness.

● RAO appears to be hypersensitivity to inhaled organic molds
with additional role played by inhaled endotoxins.

● Therapy is aimed at decreasing exposure to environmental
allergens, decreasing airway inflammation with gluco-
corticoids, and relieving airway obstruction with broncho-
dilators.

Recognition of the disease

History and presenting complaint

Recurrent airway obstruction (RAO) or heaves is an allergic
disease characterized by cough, accumulations of mucopuru-
lent secretions in the tracheobronchial tree, abnormal breath
sounds, increased respiratory efforts, and exercise intoler-
ance.93 Coughing and nasal discharge are frequently reported
in horses with RAO (84% and 54% respectively). However, they
are non-specific signs of respiratory disease.11 Similarly, pres-
ence of tracheal exudate is common (96%) yet it is also found
in a variety of pulmonary diseases. Exercise intolerance is
usually marked but highly dependent on the level of exertion
required of the horse as well as disease severity. Frequent bouts
of coughing may be the main perceived cause of exercise intol-
erance. Horses with RAO exhibiting mild respiratory signs at
rest may only show abnormally increased respiratory efforts for
a given exercise intensity or prolonged recovery post-exercise.
Because of a lack of objective data on ‘normal’ cardiopul-
monary variables during exercise and recovery period in
healthy horses, most of the assessment concerning exercise
intolerance is based on the owner’s or trainer’s perception.

Clinical signs of RAO usually resolve within a few days
after placing the horse on pasture or improving the environ-
ment by reducing organic dusts and increasing ventilation in
the stall. Conversely, susceptible horses housed indoors and
exposed to moldy hay develop clinical signs within a few
hours to a few days.53,59 Summer pasture-associated obstruc-
tive pulmonary disease (SPAOPD) is clinically indistinguish-
able from RAO except that historical findings reveal disease
flare-ups while horses are kept at pasture during summer
months and clinical improvement during winter or after
horses are housed indoor.66,94 Horses with RAO and SPAOPD
tend to be mature (> 7 years) to old animals and there is no
apparent breed or sex predilection.11,94 Duration of the
disease varies from months to years with periods of disease
exacerbation (crisis) alternating with periods of clinical
remission of variable duration. Hence, clinical signs are
recurrent but the disease is permanent.3

Effects of RAO on performance RAO is widely accepted
as a cause of exercise intolerance. However, few studies have
attempted to understand the mechanisms responsible for this
impaired performance. Horses with severe clinical signs are
markedly hypoxemic and sometimes hypercapnic at rest, but
values are not different from healthy controls during 
periods of disease remission.53,95,96 Pronounced ventilation–

perfusion mismatching appears to be responsible for these gas
exchange abnormalities.29,97,98 During submaximal exercise,
horses with RAO in crisis become significantly more hypoxemic
and hypercapnic and these abnormalities are associated with
decreased expired minute ventilation and increased work of
breathing.99 Interestingly, alveolar ventilation and oxygen con-
sumption may be maintained because of compensatory mech-
anisms such as decreased dead space ventilation, increased
cardiac output and hemoglobin concentration. However, these
compensatory mechanisms are likely to increase oxygen con-
sumption by respiratory and cardiac muscles and to reduce the
amount of oxygen available for exercising muscles, the net
result being exercise intolerance as demonstrated by Art et al.99

This phenomenon has been demonstrated in humans where
respiratory muscles consume 10–15% of maximum oxygen
consumption in trained athletes and up to 50% in chronic
obstructive pulmonary disease (COPD) patients.100 Decreasing
the workload on respiratory muscles by mechanical ventilation
during exercise has been shown to improve oxygen supply to
locomotor muscles.101 Consequently, locomotor muscle fatigue
may in fact limit exercise capacity in humans with COPD exer-
cising beyond the anaerobic threshold. On the other hand,
COPD patients exercising below the anaerobic threshold may
be more limited by ventilation. Whether these findings apply to
exercising horses with RAO remains to be proven.

Physical examination

Horses with RAO may present with a wide spectrum of clini-
cal signs depending on disease severity. Horses with mild RAO
may exhibit little to no clinical signs of respiratory disease

623
29 Non-infectious diseases of the lower respiratory tract

Fig. 29.6
Horse with RAO exhibiting increased respiratory efforts
(nostril flaring).



except for exercise intolerance and may be difficult to differ-
entiate from horses with IAD (Table 29.1). On the other end
of the spectrum, horses with severe RAO show markedly
increased respiratory efforts manifested by nostril flaring,
head and neck extension, pronounced abdominal muscle
contraction during expiration (heaving), and exaggerated rib
excursion during inspiration (Fig. 29.6). Over time, horses
develop hypertrophy of the external abdominal oblique
muscles resulting in the characteristic ‘heave line’.
Respiratory rate is quite variable but is usually elevated.
These clinical signs result from small airway obstruction sec-
ondary to airway inflammation, bronchospasm, mucus plug-
ging of airways, and thickening of the airway wall.

Bilateral mucoid to mucopurulent nasal discharge may be
present. A deep cough may be heard intermittently or in
bouts of paroxysmal coughing. Thoracic auscultation may
reveal increased breath sounds bilaterally, an extended area
of auscultation, and abnormal breath sounds (i.e. crackles,
wheezes). Horses’ thick chest wall renders auscultation an
insensitive indicator of pulmonary disease with abnormal
findings obtained in less than 50% of horses with RAO.11

Special examination

Horses with normal respiratory tract have either no or just a
few flecks of mucus visible upon endoscopy of the
airways.20,37 The presence of variable amounts of respiratory
secretions in the tracheobronchial tree is found in the major-
ity of RAO horses. However, it is also common in horses with
IAD and infectious pulmonary diseases.5,7,37 Horses with
severe pulmonary disease, including heaves, often exhibit
marked airway erythema and bronchial edema illustrated by

blunting of the carina and ‘bumpiness’ of the airway surface
(Fig. 29.7). Nevertheless, many horses with severe heaves
and large amounts of tracheal exudate do not have visible
signs of tracheobronchial inflammation.37

Collection of respiratory secretions using tracheal wash
(TW) or BAL techniques is important for diagnostic purposes
and monitoring response to therapy. Description of the tech-
niques and indications have been discussed in the IAD special
examination section of this chapter. Sedation of the horse prior
to BAL collection is mandatory and sometimes needed as well
for TW. Administration of �2-agonist sedatives (e.g. xylazine,
detomidine) to horses with RAO results in significant decrease
in respiratory rate, minute ventilation, and variable effects on
pulmonary resistance (RL) and dynamic lung compliance
(Cdyn).102–104 PaO2 in affected horses is either maintained or
only mildly decreased after administration of sedatives. Similar
effects of sedatives on lung function are reported in healthy
horses. Therefore, administration of sedatives to horses with
RAO prior to diagnostic procedures is considered safe. The
volume of fluid retrieved during the BAL procedure may be
decreased in RAO horses due to small airway collapse as fluid is
aspirated back. However, as long as the volume of fluid infused
is sufficient (250–500 mL) there is no significant difference in
absolute or differential cell counts between aliquots retrieved
sequentially.105 Therefore, interpretation of BAL fluid cytology
in horses with RAO has diagnostic value even if the procedure
only yielded a small amount of fluid.

Thoracic radiographs may be useful to rule out pulmonary
diseases other than RAO. However, interpretation of radio-
graphs is considered insensitive because radiographic
findings correlate poorly with histopathology of the lungs
and interpretation of images is highly variable between
examiners.106 Also, no radiographic findings are specific for a
particular inflammatory lung disease, which renders chest
radiography of limited value for the diagnosis of RAO.

Pulmonary function tests allow quantification of lung dys-
function using various techniques (see discussion in
‘IAD/special examination’). During episodes of disease exacer-
bation, bronchoconstriction, edema of airway wall, and accu-
mulation of secretions in the airways result in airflow
obstruction and stiffening of the lungs. These structural
changes translate into functional changes such as increased
maximal changes in transpulmonary pressure (�Pplmax) RL and
decreased Cdyn (Table 29.4).6,18 Values return within the normal
range when horses are in disease remission. However, measure-
ment of lung mechanics during tidal breathing is not sensitive
and test results usually become abnormal when horses display
obvious clinical signs of heaves. These tests are still useful in
clinical practice to evaluate reversibility of airway obstruction
after administration of a bronchodilator or to assess response to
therapy because clinical signs alone are poor predictors of lung
function, i.e. a significant degree of airway obstruction may still
be present after the course of therapy even though clinical signs
have resolved.107 Another test of lung function called forced
expiration has the advantage of being more sensitive than stan-
dard lung mechanics, allowing detection of airway obstruction
in RAO horses in the absence of clinical signs (i.e. disease remis-
sion; Fig. 29.2).108 Unfortunately, this test is technically
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Fig. 29.7
Endoscopic view of the carina in a horse with RAO and
marked bronchial edema.



demanding and currently restricted for laboratory use. Lung
function may be assessed using forced oscillatory mechanics
(FOM), which requires only placement of a face mask on the
horse. Horses with RAO in crisis exhibit frequency depend-
ence of resistance. However, horses with mild clinical signs or
in disease remission usually have values within normal
limits.32,109 Another non-invasive method that is well suited
for field-testing combines the use of respiratory inductance
plethysmography and pneumotachography during normal
breathing at rest.58 Airflow measured at the nostril opening
by a pneumotachograph is compared with the flow signal
derived from bands placed around chest and abdomen.
Several indices derived from this lung function test correlate
with conventional lung mechanics (�Pplmax, RL) and allow
quantification of airway obstruction in horses with RAO as
well as response to bronchodilators or histamine challenge.58

A unique feature of horses with airway obstruction (RAO,
SPAOPD, IAD) is their increased airway narrowing in
response to challenge with irritants such as histamine or
methacholine (hyper-responsiveness). Response to challenge
(bronchoprovocation) may be assessed using different types
of lung function test such as standard lung mechan-
ics,59,110–113 forced oscillatory mechanics,114 respiratory
inductance plethysmography,33,58 and forced expiration.57 In
general, the greater the airway obstruction, the more pro-
nounced the bronchoconstriction for a given concentration
of irritant. Bronchoprovocation may prove to be a useful
method for the detection of mild to moderate RAO in horses
that do not display overt clinical signs.

Lung volume measurements, in particular functional
residual capacity (FRC), are increased in horses with RAO
compared with healthy controls.115,116 However, as disease
severity increases, the amount of air trapped behind
obstructed airways rises and may lead to decreased FRC when
measured by gas dilution techniques (helium or nitrogen),117

when in fact FRC measured by plethysmography would show
an increased volume.118 The maximum volume of air that
can be exhaled after a deep inspiration (FVC) is not smaller in
horses with RAO, but the time needed to exhale FVC is
significantly longer.10 As a result, horses with airway

obstruction have decreased forced expiratory volume in a
given time (e.g. FEV1 for volume exhaled in 1 second) 
and decreased forced expiratory flow during end expiration 
(Fig. 29.2). These findings suggest that expiratory flow limita-
tion would be likely to occur during strenuous exercise when
horses complete 1.5–2 respiratory cycles per second and con-
tribute to the exercise intolerance manifested by RAO horses.

In addition to alteration in lung mechanics, RAO horses
exhibit abnormal gas exchanges at rest during periods of disease
exacerbation leading to hypoxemia and sometimes hypercap-
nia.117,119 These blood gas abnormalities are mainly the result of
ventilation–perfusion mismatch and increased dead-space ven-
tilation.29 Horses with mild clinical signs usually have normal
blood gases. During exercise, the degree of exercise-induced
hypoxemia and hypercapnia is markedly worse in RAO horses
in crisis compared with those in remission.99 Deterioration in
gas exchanges appears to be mainly due to further deterioration
in the ventilation–perfusion relationship.

Few studies have examined the relationship between lung
histopathology, clinical signs, and lung function in horses with
chronic airway disease. Significant correlation between percu-
taneous lung biopsy scores and clinical signs (r = 0.58) has
been reported in RAO horses120 and between mucus score in
lung biopsies and clinical signs (r = 0.78) in horses with
SPAOPD.121 Also, clinical signs are correlated with indices of
lung function such as �Pplmax in both RAO and SPAOPD.10,121

Another investigation evaluating gas exchanges and lung
biopsy parameters in Standardbred race horses with IAD
showed that the severity of lung biopsy score was negatively
correlated with lower minute ventilation at a speed correspon-
ding to a heart rate of 200 beats/min, suggesting that
bronchial epithelial hyperplasia of the small airways was prob-
ably causing airflow obstruction.31 However, a similar relation-
ship was not found in horses with RAO.

Laboratory examination

Hemogram and serum biochemistry are usually within the
normal range,61 although some horses with acute severe
RAO may exhibit a mild hyperfibrinogenemia.
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Variable Healthy Healthy RAO RAO
Remission Remission Remission Crisis Crisis Crisis Crisis

n 9 horses 6 ponies 5 horses 9 horses 6 ponies 9 horses 6 horses 4 horses 6 ponies
�Pplmax 5.5 ± 1.6 5.7 ± 1.7 8.6 ± 0.5 58.4 ± 4.3 36 ± 18 19.8 ± 9.8
(cmH2O)
RL 0.49 ± 0.30 0.95 ± 0.15 0.61 ± 0.17 0.56 ± 0.06 0.84 ± 0.25 2.85 ± 0.23 3.4 ± 1.1 1.39 ± 0.89 5.0 ± 0.62
(cmH2O/L/s)
Cdyn 2.26 ± 0.60 0.73 ± 0.10 2.16 ± 1.00 1.11 ± 0.19 0.96 ± 0.29 0.15 ± 0.04 0.2 ± 0.22 0.96 ± 0.45 0.21 ± 0.06
(L/cmH2O)
VT (L) 6.26 ± 1.51 1.91 ± 0.2 5.64 ± 0.94 1.55 ± 0.23 4.9 ± 1.4 4.48 ± 0.72 1.77 ± 0.3
f 11.7 ± 2.6 15.5 ± 1.3 17.3 ± 2.8 21.9 ± 3.6 17  ± 9 21.1 ± 6.2 27.1 ± 4.2
(breaths/min)
Reference Couetil Broadstone Couetil Robinson Broadstone Robinson Ammann Couetil Broadstone 

et al10 et al102 et al10 et al330 et al102 et al330 et al170 et al10 et al102

�Pplmax, maximum change in transpulmonary pressure; RL, pulmonary resistance; Cdyn, dynamic lung compliance; VT, tidal volume; f, breathing frequency.

Table 29.4 Ranges of standard lung mechanics in healthy horses and horses with RAO during disease remission or crisis



Cytologic examination of TW or BAL fluid is often useful to
reach a final diagnosis. TW fluid obtained from horses with
RAO and SPAOPD usually reveals a marked increased in 
neutrophil percentages (> 50%; range, 7–96%).37,39,45,79

Neutrophils are non-degenerate and even if bacteria are iso-
lated in some cases, they do not play a role in the pathogene-
sis of the disease. Increased amounts of mucus containing
casts of inspissated mucus originating from the bronchioles
(Curschmann’s spirals) are often present in long-standing
cases.38 Several reports also found a wide range of neutrophil
ratios in TW collected from clinically healthy horses
(0–88%).37,44 Therefore, the usefulness of TW cytology for
diagnosis of RAO and SPAOPD is limited. BAL fluid is pre-
ferred in diffuse pulmonary disease such as RAO and SPAOPD
because BAL fluid cytology is more representative of lung
histopathology.43,44 BAL fluid cytology in healthy control
horses reveals that lymphocytes and alveolar macrophages
predominate and neutrophils represent < 10% of the total
nucleated cell count (Table 29.5).47,62,121 A marked absolute
and relative neutrophilia (> 20%) is usually observed in BAL
fluid from horses with RAO and SPAOPD (Table 29.5).61,62,121

In affected horses the range of neutrophil percentages is wide

(10–98%) but no significant differences exist between BAL
fluid cytology collected from different regions of the lung.47

Necropsy examination

The classic histopathologic lesion in horses with RAO is
bronchiolitis characterized by peribronchiolar lympho-
plasmacytic, neutrophilic, and sometimes eosinophilic cell
infiltration, bronchiolar goblet cell metaplasia, epithelial
hyperplasia, and accumulation of mucopurulent exudate in
the bronchioles’ lumen.120,122,123 Similar changes are also
frequently detected in the large airways.124 Other lesions
reported in severely affected horses are peribronchiolar
fibrosis and epithelial metaplasia. Horses with SPAOPD
display histopathologic changes that are indistinguishable
from RAO.121 Emphysema is rarely present in RAO horses and
both centrilobular and panlobular forms have been
reported.125–127 Lungs of affected horses tend to remain over-
inflated at post-mortem examination because of air trapping
secondary to airway obstruction and not emphysema. In
general, there is a good correlation between the degree and
extent of histopathologic changes and clinical severity.122–124

626
Respiratory system

BAL technique Environment/ Leukocytes Alveolar Lymphocytes Neutrophils Eosinophils Mast 
number (cells/mL) macroph. (%) (%) (%) (%) cells (%)

Controls
2 × 250 mL saline- Pasture/10 309.2 ± 48.5 46.4 ± 4.0 44.5 ± 5.7 8.7 ± 2.8
pump-endoscope
2 × 250 mL saline- Stable/10 200.2 ± 25.1 31.6 ± 7.4 40.8 ± 6.3 27.6 ± 7.8
pump-endoscope
2 × 250 mL saline- Stable/5 290 ± 90 48.6 ± 7.4 42.9 ± 7.8 7.2 ± 5.9 0.3 ± 0.4 1.0 ± 1.0
pump-endoscope
2 × 250 mL saline- Pasture/5 200 ± 100 58.2 ± 9.8 35.9 ± 8.4 4.7 ± 3.5 0.2 ± 0.2 1.0 ± 1.0
pump-endoscope
300 mL saline- Stable/7 90 (50–140) 49.7 (36–74.3) 39.7 (20–51.3) 1.0 (0.7–4.0) 0.0 (0.0–0.7) 9.3 (0.7–12.3)
pump-endoscope
3 × 100 mL saline- Pasture/6 22.5 (19–50) 61 (40–70) 6 (3–26) 0 (0–6) 4.5 (0–6)
syringe-endoscope

RAO/SPAOPD
2 × 250 mL saline- Pasture RAO/5 110 ± 43.5 29.9 ± 3.9 40.7 ± 6.0 29.4 ± 7.2
pump-endoscope
2 × 250 mL saline- Stable RAO/5 132.5 ± 60.6 15.3 ± 7.0 13.0 ± 5.6 71.6 ± 12.2
pump-endoscope
3 × 100 mL saline- Pasture RAO 199 ± 61 28.6 ± 6.8 60.3 ± 24.1 5.8 ± 2.3 1.0 ± 0.4 4.0 ± 1.1
pump-endoscope ponies/6
3 × 100 mL saline- Stable RAO 316 ± 49 10.4 ± 3.5 21.8 ± 4.7 58.2 ± 13.9 2.8 ± 1.9 2.8 ± 0.8
pump-endoscope ponies/6
300 mL saline- Stable RAO/6 105 (70–240) 11.9 (1.7–57.3) 22.2 (3.7–36.3) 64.2 (5.7–94.3) 0.0 (0.0–0.7) 2.2 (0.0–4.3)
pump-endoscope
2 × 250 mL saline- Stable RAO/5 2340 ± 3690 14.6 ± 12.6 22.1 ± 17.9 61.3 ± 29.1 0.0 ± 0.0 1.6 ± 1.9
pump-endoscope
2 × 250 mL saline- Pasture RAO/5 410 ± 390 28.2 ± 10.3 30.5 ± 15.0 37.5 ± 23.6 0.2 ± 0.4 3.7 ± 2.9
pump-endoscope
3 × 100 mL saline- Pasture 10.5 (2–38) 28.5 (3–80) 65 (5–92) 0 (0–0) 2 (0–3)
syringe-endoscope SPAOPD/8
Values are expressed as mean ± standard deviation or median (range); Bold values are significantly different from control values (P < 0.05).
Data from references 47, 61, 62, 121, and 134.

Table 29.5 Bronchoalveolar lavage (BAL) fluid cytology in control horses and in horses with recurrent airway obstruction (RAO) 
and summer pasture-associated obstructive pulmonary disease (SPAOPD)



However, lesions are usually extensive but multifocal in
nature, making interpretation based on small size samples
(e.g. percutaneous lung biopsy) hazardous.123

Ultrastructural changes are characterized by loss of cili-
ated cells in the larger airways and replacement by a hyper-
plastic epithelium.124 Examination of terminal airways and
alveoli shows degenerative changes affecting non-ciliated
bronchiolar epithelial cells (Clara cells) suggesting that Clara
cells may be the target for antigens and inflammatory media-
tors during the disease process.123

Diagnostic confirmation

Horses presenting an abnormal increase in respiratory efforts
should be examined to rule out upper and lower airway
causes (Fig. 29.8). Upper airway obstruction may be associ-
ated with loud abnormal respiratory sounds (stridor). Lower
airway diseases are often associated with abnormal breath
sounds upon thoracic auscultation. Typically, upper airway
obstruction results in increased inspiratory efforts whereas
intrathoracic airway obstruction is associated with increased
expiratory efforts. Fixed obstructions result in sounds, respi-
ratory efforts, and respiratory times that are comparable
during inspiration and expiration. Variable (dynamic)
obstructions are characterized by a marked difference
between inspiratory and expiratory sounds. Endoscopic

examination should be performed rapidly in order to localize
the disease process.

A decrease in lung sounds in the ventral thorax is usually
indicative of pleural effusion or diaphragmatic hernia.
Decreased lung sounds dorsally associated with increased reso-
nance upon percussion of the thorax are consistent with pneu-
mothorax. Diagnosis may be confirmed by ultrasonography of
the thoracic cavity. The presence of abnormal lung sounds
(crackles, wheezes) in horses with fever and respiratory distress
suggests infectious pulmonary disease (e.g. bronchopneumo-
nia, pulmonary abscess, interstitial pneumonia, necrotizing
pneumonia).128,129 A horse with labored breathing, normal
rectal temperature, and abnormal lung sounds should be
treated with a fast-acting bronchodilator (e.g. aerosolized
albuterol, intravenous atropine) to assess the role of bron-
choconstriction. Marked improvement in clinical signs strongly
suggests reversible obstructive pulmonary disease such as RAO
and SPAOPD. Marginal or no improvement may be associated
with restrictive pulmonary diseases (e.g. pleural effusion, pul-
monary edema, interstitial pneumonia, pulmonary fibrosis, sil-
icosis, mediastinal mass), or non-respiratory diseases (e.g.
cardiac failure). Thoracic radiography and cardiac ultrasonog-
raphy are indicated to characterize the disease process and
evaluate the severity of the lesion.

Horses in respiratory distress with no abnormal respira-
tory sounds should be further evaluated. Horses with
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No abnormal lung sounds
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Fig. 29.8
Diagnostic approach in horses with labored breathing. CBC, complete blood count; HR, heart rate; RAO, recurrent airway
obstruction; RR, respiratory rate; SDF, synchronous diaphragmatic flutter; SPAOPD, summer pasture-associated obstructive
pulmonary disease;TW, tracheal wash; U/S: ultrasound; X-ray: radiographs.



synchronous diaphragmatic flutter present with pronounced
abdominal contractions that might be mistaken for increased
respiratory effort. However, in this case spasmodic contractions
of the flank are synchronous with the first heart sound and are
independent of the normal respiratory cycle.130 A markedly ele-
vated rectal temperature may be associated with conditions
causing hyperthermia (e.g. exercise, hot environment) or fever
and contribute to respiratory distress. Collection of blood for
packed cell volume measurement and hematology is valuable to
detect anemia and diseases resulting in decreased oxygen-
carrying capacity of the blood (methemoglobinemia, carboxy-
hemoglobinemia). Only severe anemia resulting in packed cell
volume < 8–10% may cause labored breathing at rest. Anemia
does not lower arterial oxygen tension but does cause hypox-
emia (a decrease in oxygen content in blood) and a decrease in
the delivery of oxygen to tissues (i.e. tissue hypoxia). Therefore,
anemic horses have a normal PaO2 and hyperventilation results
from acidification of cerebrospinal fluid secondary to increased
anaerobic metabolism. An arterial blood gas sample is indicated
in horses with normal hematologic findings. Hypercapnia may
be associated with conditions impairing respiratory muscle
function (e.g. botulism, nutritional muscular dystrophy,
diaphragmatic paralysis) or chest wall movement (e.g. abdomi-
nal distension, chest trauma). Hypocapnia indicates hyperven-
tilation and may be in response to painful conditions (e.g. colic)
or to anxiety.

Treatment and prognosis

Therapeutic aims

The goals of therapy are to control airway inflammation and
relieve airflow obstruction. Treatment of RAO and SPAOPD
should place emphasis on environmental changes.53 Medical
therapy is useful to control clinical signs in severely affected
animals and when improvement in environmental manage-
ment is limited. The main classes of drugs recommended for
RAO and SPAOPD are corticosteroids to treat airway inflamma-
tion and bronchodilators to relax airway smooth muscle.
Improvement of mucociliary clearance may also help reduce
airway obstruction.

The type of activities the horse is performing as well as the
initial complaint from the owner should be taken into consid-
eration before therapy is recommended. For example, a RAO-
affected horse used for showjumping that started exhibiting
decreased performance and coughing while being main-
tained in a low-dust environment should benefit from
medical therapy. However, a brood mare exhibiting an acute
RAO crisis 2 weeks after being housed in the barn for the
winter may only need simple environmental control meas-
ures (e.g. changing bedding and feed) to be implemented in
order to resolve clinical signs even though lung function and
BAL fluid cytology may take weeks to improve.

Therapy

Environmental changes Several measures help reduce
exposure of the horse’s airways to respirable particles and are

discussed in detail below (RAO prevention). Placing RAO
horses in crisis into a low-dust environment (e.g. wood shav-
ings bedding and pelleted diet) results in significant improve-
ment in lung function within 3 days, even if environmental
changes only take place in the affected horse’s stall.131 Horses
become free of clinical signs within 1 to 2 weeks in optimal
indoor housing or outside on pasture.59,132 Some horses may
only improve partially after being placed on pasture, espe-
cially chronic long-standing cases. Medical therapy will help
most of those cases to become free of clinical disease (remis-
sion), at which point medication can be discontinued.
Subsequently, horses may remain free of clinical disease for
extended periods if they are kept in a low-dust environment.
Because of the nature of the disease, susceptible horses may
suffer another bout of the disease when exposed to allergens.

Horses suffering from SPAOPD are affected during the
summer while at pasture, presumably from inhaling plant
allergens such as pollen and thermophilic molds.66 In those
cases, removal from pasture and confinement to a low-dust
indoor environment is recommended. However, medical
therapy is often needed to provide clinical resolution.66,133

The management of affected horses may be complicated by
the fact that some animals suffer from both RAO and
SPAOPD.133

Systemic medical therapy Most horses are easy to treat
by the oral or injectable route and the cost of systemic
therapy is usually less than that of aerosol therapy because of
the need to purchase a delivery device (i.e. face mask) for
aerosol administration. However, systemic therapy with cor-
ticosteroids or bronchodilators may result in adverse effects
because of the dosages required for clinical efficacy.
Corticosteroids Corticosteroids are potent inflammation
inhibitors with known efficacy for the treatment of heaves.
Triamcinolone acetonide is a potent long-acting cortico-
steroid that may improve lung function for 2 to 4 weeks after
administration of a single dose (0.09 mg/kg, i.m.) to RAO
horses maintained on straw bedding and fed hay.134

Neutrophil percentage in BAL fluid may also be significantly
decreased within 2 weeks of treatment. Depending on the
dose of triamcinolone used, endogenous cortisol production
may be suppressed for 2 to 4 weeks but adrenal gland
response to ACTH administration is maintained.134

Dexamethasone (0.1 mg/kg, i.v., every 24 hours) induces a
marked improvement in clinical signs and lung function of
RAO horses by the third day of treatment.54 These beneficial
effects may persist for at least a week after treatment is discon-
tinued. A reduction in BAL fluid neutrophilia is evident within
3 days of therapy and after 1 week, proliferation of pro-
inflammatory lymphocytes is prevented.135 Dexamethasone
results in marked adrenal suppression of endogenous cortisol
production starting 2 hours after administration and persist-
ing approximately 3 days after treatment ends. However,
adrenal gland response to exogenous ACTH is main-
tained.136,137 Treatment of RAO horses with dexamethasone
21-isonicotinate (0.04 mg/kg, i.m., every 72 hours) reduces
airway obstruction 3 days after treatment initiation with a
maximum effect obtained after 7 days.138 Oral forms of dexa-
methasone are commonly used in the field for the treatment of
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RAO but pharmacokinetic or efficacy data are currently not
available.

Oral prednisone has for a long time been advocated for the
treatment of RAO. However, several reports have now docu-
mented its poor efficacy.131,138,139 In a crossover study, RAO
horses in crisis were placed in a low-dust environment for 
14 days while half of them received prednisone tablets
(2.2 mg/kg, by mouth, every 24 hours) and the other half
were left untreated. Pulmonary function improved
significantly between day 3 and day 14 in both groups.
However, no significant effect of prednisone treatment was
detected.131 The only beneficial effect of prednisone treat-
ment was a significant decrease in the number of the BAL
fluid neutrophils. The reason for this lack of efficacy is related
to the pharmacokinetic characteristics of the drug.140

Prednisone is poorly absorbed after oral administration of
tablets or liquid forms and the active metabolite prednisolone
is detected in the serum in small quantities in very few horses
(1/5 with tablet form, 0/5 with liquid form). Conversely, both
liquid and tablet forms of prednisolone are well absorbed in
the horse with a bioavailability > 50%.140 Significant adrenal
suppression may be detected after treatment with prednisone
tablets, but it is short-lived and less pronounced than with
prednisolone tablets.

Deleterious side effects associated with corticosteroid
therapy may develop depending on drug potency, dose used,
and treatment duration. Long-acting and potent cortico-
steroids (e.g. triamcinolone, dexamethasone) are more likely
to cause adverse effects such as immune suppression, iatro-
genic Cushing’s disease, adrenal cortex suppression and pos-
sibly laminitis.137,141,142 For these reasons, triamcinolone
acetonide administration should not be repeated at less than
3-month interval.143 Responsiveness of adrenal glands to
ACTH persists during dexamethasone therapy using doses up
to 30 mg per day for 31 days. Therefore, adrenal atrophy is
unlikely to develop if therapy lasts less than a month.144

Discontinuation of dexamethasone after an extended treat-
ment period should be done carefully to avoid acute adreno-
cortical insufficiency. Dexamethasone doses as low as
0.01 mg/kg result in adrenal suppression for up to 24 hours
as compared with < 24 hours for prednisolone.144 Therefore,
discontinuation of prolonged dexamethasone therapy should
be performed by slowly and gradually decreasing the dose
until the least suppressive amount (0.01 mg/kg) is given
every third day for a minimum of 2 weeks. Alternatively, dexa-
methasone therapy may be replaced by an equipotent dose of
prednisolone (1 mg dexamethasone ≈ 7.5 mg prednisolone)
that will be tapered down to alternate day treatment. Before
treatment is discontinued, an ACTH stimulation test should
be performed to assess the adrenocortical reserve necessary
for the horse to cope with stress.
Bronchodilators Bronchodilators are indicated to relax
airway smooth muscle and relieve airflow obstruction, but
they should not be used alone because they have no anti-
inflammatory properties and do not reduce airway hyper-
responsiveness.76 In addition, prolonged use of a certain type
of bronchodilator (e.g. �2-agonists) as sole medication
induces airway receptor downregulation and renders the

drug less effective. This phenomenon is prevented by com-
bined use of �2-agonists with corticosteroids. Bronchodilator
administration is also beneficial in horses that exhibit mild
clinical signs, particularly those involved in athletic activities,
because significant bronchospasm may be present.

The three classes of drugs available as systemic bron-
chodilators are anticholinergics, �2-agonists, and methyl-
xanthines. Atropine (0.01–0.02 mg/kg, i.v.) is an
anticholinergic drug that has been used systemically in
horses with heaves and shown to provide rapid and marked
improvement in lung function (mean reduction in �Pplmax of
68–83%) and clinical signs.96,145,146 Effects occur within 10
minutes of administration, peak around 30 minutes and last
a maximum of 1–2 hours. Potentially serious side effects
such as ileus and abdominal pain usually develop when
higher dosages are used (22–88 mg)147 but are rare with low
dose atropine (≤ 0.02 mg/kg) unless administration is
repeated. Atropine may be used as a single dose for the rapid
relief of severe airway obstruction and for diagnostic and
prognostic purposes. However, fast-acting aerosolized bron-
chodilators (e.g. albuterol) are safer and at least as effective
alternatives.

Clenbuterol hydrochloride syrup (Ventipulmin) was
approved by the Food and Drug Administration (FDA) in
1998 for the treatment of heaves in horses in the USA.
Injectable and oral formulations have been available in other
countries for many years. In an open field trial involving 
239 horses with heaves 75% improved clinically after admin-
istration of oral clenbuterol (0.8–3.2 �g/kg, every 12 hours
for 10–30 days) and 25% did not respond to treatment.148

The percentage of horses responding to treatment increased
as the dose of clenbuterol was augmented (24% at 0.8 �g/kg
to 75% at 3.2 �g/kg). A controlled clinical trial failed to
demonstrate any benefit of the drug (0.4 mg/horse, by
mouth, every 12 hours, n = 7) after 10 days of treatment.139

Clenbuterol may also help airway mucociliary clearance by
increasing ciliary beat frequency.149 Mild side effects such as
sweating, muscle tremors, and excitement occur in less than
9% of horses treated with oral clenbuterol.148 More concern-
ing side effects are cardiovascular remodeling detected by
echocardiography immediately post-exercise in healthy
horses treated with medium doses of clenbuterol (2.4 �g/kg,
by mouth every 12 hours) for 8 weeks.150 At the end of the 8-
week treatment period, horses receiving clenbuterol had ele-
vated left ventricular mass, calculated stroke volume, aortic
root diameter (+ 24–30%), and larger left ventricular diame-
ter at end systole and diastole (+ 24–40%) compared with
non-treated control horses, suggesting a deleterious effect of
clenbuterol on cardiac function.

Administration of the �-adrenergic drug isoproterenol
(0.1–0.2 mg/kg, i.v.) to heavey horses results in clinical 
and lung function improvement within 15 minutes.
However, results are variable between animals and heart rate
more than doubles because of stimulation of cardiac 
�1-receptors.145 Terbutaline, a �2-receptor agonist, has 
been used orally, intravenously and by nebulization in
horses.146 Efficacy of the oral route for the treatment of
heaves is unlikely because bioavailability is less than 1%.151
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Both intravenous (0.01 mg/kg) and aerosol (0.02 mg/kg)
routes of administration may improve lung function of heavey
horses for up to 6 hours but marked adverse reactions such as
central nervous system (CNS) stimulation, sweating, and
trembling are likely to occur with the i.v. route.146,151

Methylxanthine and derivatives may be beneficial in horses
with heaves. However, plasma levels necessary for bronchodila-
tion vary widely between horses and the range between effective
and toxic concentration is narrow.152,153 Aminophylline
(5–12 mg/kg i.v.) and theophylline (5–10 mg/kg, by mouth)
administered every 12 hours improve lung function and clinical
signs in up to 50% of affected horses.145,154 Common side 
effects are hyperesthesia, hyperexcitability, and muscle 
tremors. Pentoxifylline (36 mg/kg, by mouth, every 12 hours
for 14 days) administered to RAO-affected horses results in
significant improvement in lung function and is not associated
with adverse effects.155

Enhancement of mucociliary clearance Horses with
RAO and SPAOPD accumulate large amounts of muco-
purulent secretions with higher viscoelasticity in their
airways, therefore contributing to airflow obstruction.156

Mucociliary clearance may be enhanced by stimulation of
the ciliary apparatus or by decreasing mucus viscoelasticity,
but the latter appears to be the most important factor.157

Different types of drugs may enhance clearance of respira-
tory secretions including mucolytics (e.g. acetylcysteine,
dembrexine hydrochloride) and drugs capable of improving
mucociliary transport (e.g. �2-agonists). However, none have
been shown to be beneficial for the treatment of heaves.
Other treatments Furosemide (frusemide, 1 mg/kg i.v.
or aerosol) also results in significant improvement in the lung
mechanics of RAO horses but not in arterial blood gases.158

Antihistamine drugs are commonly used to treat RAO horses
in the field, but they appear to have limited usefulness and no
controlled study has proved their efficacy.

A technique of overhydration consisting in the intravenous
administration of 30–40 L of isotonic saline solution over a 3-
to 4-hour period may benefit heavey horses.159,160 But the
method is not without risks (e.g. pulmonary edema, electrolyte
abnormalities, death) and thus far, no controlled study has
demonstrated its efficacy for the treatment of heaves.
Aerosol therapy Administration of therapeutic sub-
stances via inhalation has the advantage of delivering high
concentrations of the drug directly into the lungs while min-
imizing the amount absorbed systemically and therefore,
reducing the risk of adverse effects. In addition, systemic side
effects and drug residue are decreased. Clinical response to
aerosol medications is a function of the dose deposited in the
airways, which is dependent on the delivery device, the parti-
cle size characteristics of the inhaled aerosol, the pattern of
breathing, and airway disease.161

Deposition of therapeutic aerosols within the respiratory
tract occurs mainly by inertial impaction and gravitational
sedimentation.162 Inertial impaction is largely responsible for
particle deposition in nasal passages, nasopharynx, and
central airways. Impaction of aerosolized particles on airway
walls can occur if their size is sufficiently large (≥ 1 �m) or
the air stream rapidly changing direction (e.g. high flow rate,

branching airways, turbulent flow). Smaller particles 
(≥ 0.5 �m) that are able to reach peripheral airways and
alveoli may deposit on airway surfaces by gravitational sedi-
mentation when the air stream is sufficiently slow. Aerosols
with mass median aerodynamic diameter (MMAD) > 5 �m
are mainly deposited in the upper airways while the majority
of particles < 1 �m are exhaled.162 The deposition of parti-
cles in small conducting airways and alveoli is maximal when
aerosol MMAD is between 1 and 5 �m.

The most important factor for aerosol deposition is the
speed of inhalation.162 As inspiratory flow rate or breathing
frequency increases more particles are deposited in the upper
airways. Penetration of aerosol into peripheral airways is
improved when inhaled volume increases. Obviously, manip-
ulation of these factors in the horse is limited.

Airway narrowing increases aerosol deposition in central
airways and results in poor deposition in peripheral airways.161

In horses with severe airway obstruction (i.e. RAO), aerosol
deposition after administration of inhaled albuterol (360 �g)
results in rapid (5 minutes) improvement in peripheral airway
deposition.163 Improved lung deposition of therapeutic aerosols
is also likely to occur after administration of a bronchodilator in
horses with IAD exhibiting significant airflow obstruction or
bronchial hyper-responsiveness.

Therapeutic aerosols may be produced by nebulizing a
solution, administrating aerosols prepackaged in metered
dose inhalers (MDIs), and inhaling the drug using dry powder
inhalers (DPIs). Several types of devices are used to improve
delivery of aerosol to the horse’s lung such as facemask,
nosepiece, and extension tubing (spacer or holding chamber).
The fraction of drug deposited into the lungs varies between
0.3 and 7.4% for nebulizers and 6.1 and 23.3% for MDI deliv-
ery devices (6.1% AeroMask, 8.2% Equine Haler, 23.3% 3M
Equine device).164–167 Spacers and holding chambers are
designed to alter the size distribution of particles originating
from the MDI or nebulizer, resulting in a reduction in upper
airway deposition and an increase in the mass of drug con-
tained in respirable particles.161 A valve is usually present
between the spacer and the horse’s nostril; therefore, precise
synchronization between MDI actuation and onset of inhala-
tion is not required.
Corticosteroids Five different inhaled corticosteroids are
available in the USA: beclomethasone dipropionate, budes-
onide, flunisolide, fluticasone proprionate, and triamcinolone
acetonide (Table 29.3). A common test of potency for inhaled
corticosteroids (McKenzie skin blanching) allows relative
ranking of the compounds from least to most potent:
flunisolide = triamcinolone acetonide < beclomethasone
dipropionate = budesonide < fluticasone propionate.168 At
the time of this writing, only clinical trials with beclometha-
sone and fluticasone have been reported in the horse.

Clinical trials in horses with heaves indicate that
beclomethasone dipropionate at dosages ranging from
500–1500 �g twice a day (3M Equine device) to 3750 �g
twice a day (AeroMask) results in significant clinical and lung
function improvement as well as reduction in pulmonary
inflammation.169,170 Therapeutic effects are measurable
within 24 hours of administration. Administration of a low
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dose of beclomethasone dipropionate (500 �g twice a day) to
horses with heaves results in similar efficacy as high dose 
(> 1500 �g twice a day) but with less adrenal suppression.169

Fluticasone propionate has been used successfully for the
treatment of heaves in horses using 2000 �g twice daily
(AeroMask).171 Treatment of horses with inhaled fluticasone
(AeroMask) using 3000 �g twice a day results in adrenal
suppression. However, no adrenal suppression is detectable
with 2000 �g twice a day.171,172

Bronchodilators Two main classes of inhaled broncho-
dilators have been used in the horse: �2-agonists and anti-
cholinergics (Table 29.3). Bronchodilators should not be used
as only therapy for RAO because they do not suppress 
airway inflammation and do not reduce airway hyper-
responsiveness.76 In addition, prolonged use of �2-agonists
without corticosteroids induces receptor downregulation,
which renders the drug less effective. In horses with significant
airway obstruction, bronchodilators should be administered
prior to corticosteroids in order to optimize lung deposition.

�2-agonists induce airway smooth muscle relaxation
regardless of bronchoconstriction mechanism and also
inhibit mast cell degranulation.76 Albuterol, pirbuterol, and
fenoterol are short-acting bronchodilators (1 hour) with
rapid onset of action (5 minutes).173–175 Some horses may
benefit from the effects of albuterol for up to 7 hours.176

Salmeterol and formoterol are long-acting �2-agonists 
(6–8 hours) suitable for twice daily dosing but with slow
onset of action (15 minutes).177

Ipratropium bromide is an anticholinergic drug chemi-
cally derived from atropine but devoid of side effects when
administered by inhalation. Nebulization of 2 �g/kg causes
bronchodilation for approximately 6 hours with a maximum
effect obtained 1 hour after administration.178 The effects of
anticholinergic drugs on airway smooth muscle are additive
to �2-agonists.76

Prognosis

A follow-up survey involving 51 RAO-affected horses revealed
that the median survival time following diagnosis was 8 years
and that 87% of horses would be expected to survive 3 years
after being diagnosed with RAO.179 Seventy-nine percent of
respondents reported recurring episodes of heaves and 21%
believed that the condition had resolved. And while 21% of
diagnosed horses were retired, 74% were still used in various
athletic activities. These findings are considered good consider-
ing that > 77% of horses were still fed hay and housed indoors
for at least part of the day.179 Some investigators found that
horses diagnosed with more severe disease were less likely to
survive 2–4 years, but other investigators did not.120,179

Etiology and pathophysiology

Etiology

RAO is associated with exposure to high levels of organic
molds particularly abundant in moldy hay and poorly venti-
lated stables.180 Susceptible horses are allergic to inhaled

spores and exposure to an environment rich in molds triggers
clinicals signs within a few hours to a few days.53,59 Clinical
signs usually resolve within a few days of horses being
removed from the dusty environment. Numerous studies
have documented that traditional horse management
exposes them to high dust levels originating mainly from
bedding and feed.16,17,84,181–186 In addition, horses are
exposed to higher levels of dust around the nose (breathing
zone) in the stable because of their feeding behavior.84 As
water content of hay at baling increases mold growth rises to
reach a maximum for hay baled at 35–50% moisture.187

Approximately 70 species of fungi and actinomycetes have
been identified and among them thermophilic molds such as
Aspergillus fumigatus, Faenia rectivirgula and Thermo-
actinomyces vulgaris are commonly present.187 These spores
have a small diameter (MMAD < 5 �m), allowing them to be
inhaled in peripheral airways (respirable particles) where
they may trigger an inflammatory reaction.188 Furthermore,
BAL fluid neutrophilia increases in a dose-dependent fashion
as the quantity of inhaled dust rises.189

Several studies suggest that RAO and SPAOPD are caused
by a mold allergy. Analysis of BAL fluid and sera collected
from RAO-affected horses reveals significantly higher levels of
IgE and IgA against mold allergens than in control horses
consistent with a type I hypersensitivity reaction.190,191

Unexpectedly, tracheal wash fluid collected from SPAOPD-
affected horses contains a lower concentration of IgE than
that from controls.192 Immunohistochemical studies of lung
tissues have shown high levels of IgA and IgG(Fc) in the
airways of RAO-affected horses and the number of
immunoglobulin staining cells increases with disease sever-
ity.193,194 Quantification of serum precipitating antibodies
against common environmental allergens and evaluation of
response to intradermal challenge with these allergens are of
little value for diagnosis and treatment of heaves because
there is considerable overlap between control and affected
horses.195–197 Comparison of cytokine profiles in BAL fluid of
horses exposed to dust challenge revealed an increased
mRNA expression for interleukin-4 (IL-4) and IL-5 and a
decreased expression for IFN� in horses with heaves consis-
tent with a Th2-type response.198 Th2-type lymphocyte
responses regulate allergic reactions by stimulating IgE pro-
duction and promoting recruitment and activation of mast
cells and eosinophils as in human asthma. These findings
provide further support for an allergic basis of RAO.

Endotoxins are present in large quantities in the horses’
environment and may potentiate the inflammatory response
to inhaled molds.16 Inhalation challenge using hay dust frac-
tions suggests that endotoxin and other substances (e.g. �-
glucans) are more important than particles for neutrophil
recruitment to the lungs of RAO-affected horses.199 Research
in humans and other species indicates that timing and dose of
inhaled endotoxins also play a modulatory role in the induc-
tion of airway inflammation as early exposure during child-
hood may prevent later development of asthma in people and
exposure later in life worsen it.200

A study involving German Warmblood and Lipizzaner
horses found RAO prevalence among offspring to be low
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when neither parent is affected by the disease, but when one
or both of the parents are affected the offspring are 3.2 and
4.6 times more likely to suffer from RAO, respectively (P <
0.05).91 These findings strongly suggest that, as in human
asthma, genetic susceptibility may be an important and heri-
table factor contributing to the development of heaves.

Pathophysiology

RAO susceptible horses develop signs of airway obstruction
when exposed to a dusty environment rich in molds (e.g. hay,
straw) and these signs are reversible if horses are placed in a
low-dust environment (e.g. pasture).53,59 Clinical signs asso-
ciated with airway obstruction such as cough, increased res-
piratory efforts, and mucopurulent secretions are the result
of airway inflammation. In addition, pulmonary inflamma-
tion is associated with airway hyper-responsiveness to both
specific (e.g. molds, other allergens) and non-specific stimuli
(e.g. histamine, endotoxin). Hence, RAO in horses is similar to
asthma in people except that the equine disease is character-
ized by neutrophilic inflammation and asthma is associated
with eosinophilic inflammation, although airway neu-
trophilia is a common feature of acute severe asthma and
with grain-dust induced asthma in people.201,202

The cascade of events leading to pulmonary dysfunction
starts shortly after susceptible horses are exposed to allergens.
Circulating neutrophils are recruited to the lungs within 
4 hours of an allergen challenge and are detectable in BAL
fluid in 5 hours.83,203 In addition, BAL fluid from horses with
heaves contains increased numbers of cells expressing mRNA
for IL-4 and IL-5 and decreased numbers of cells expressing
mRNA for IFN� consistent with a predominant Th2-type lym-
phocyte response as in human asthma.198 Numerous
inflammatory mediators are increased in respiratory secre-
tions or blood of RAO horses after allergen challenge.
However, the complex relationships between effector cells,
inflammatory mediators, and clinical signs are still unclear.
Histamine concentration in BAL fluid is elevated in RAO
horses 5 hours after allergen challenge, but administration of
antihistamines is usually poorly effective.204 Various metabo-
lites of arachidonic acid degradation such as prostaglandin E2,
thromboxane B2, and 15-hydroxyeicosatetraenoic acid are
increased in BAL fluid or plasma of affected horses. However,
cyclo-oxygenase blockade does not improve clinical signs of
the disease.205–207 Recruitment of neutrophils to the airways
may be explained by increased levels of chemotactic sub-
stances such as IL-8, macrophage inflammatory protein-2,
leukotriene B4 and platelet-activating factor present in BAL
fluid of RAO horses in crisis.208–210 In turn, primed neutro-
phils that migrate to the lungs may release reactive oxygen
species leading to oxidative stress and proteases (e.g. MMP-9,
MMP-8, MMP-13) responsible for further tissue
damage.211–213

In asthma, airway inflammation is associated with over-
expression of numerous proteins involved in immunologic
and inflammatory processes. Increased gene expression is a
prerequisite for protein overexpression, which in turn is a
consequence of increased activation of transcription factors

such as NF-�B, AP-1, cAMP, and others.214 NF-�B is overex-
pressed in bronchial cells of RAO horses in crisis and the level of
NF-�B activity is strongly correlated with the degree of lung
dysfunction.215 RAO horses in crisis improve rapidly after being
removed from the allergenic environment. However, resolution
of airway inflammation, in particular neutrophilia, usually lags
behind resolution of lung dysfunction by weeks to months.61,62

Persistence of airway granulocytes is correlated with sustained
NF-�B activity which is markedly decreased after granulocyte
cell death.215 Furthermore, activated granulocytes release high
levels of IL-1� and TNF� leading to NF-�B activation which in
turn results in IL-1� and TNF� expression.216 The prolonged
survival of granulocytes in RAO affected horses may result from
expression of anti-apoptotic proteins that may protect these
cells or delay apoptosis.

Epidemiology

RAO is an occupational disease of horses housed indoors and
fed hay. It is more commonly diagnosed in parts of the world
where summers are frequently humid (e.g. northern Europe,
northeast USA) than in areas with a warm and dry climate
(e.g. Australia).217 Presumably, wet summers lead to higher
quantities of moldy hay being harvested, although this
assumption has not been proven yet. Conversely, SPAOPD is
commonly diagnosed in horses living in hot and humid cli-
mates (e.g. southern USA) where they spend most of the time
on pasture and the highest prevalence of the disease is
observed during the summer months.94 Nevertheless, the
condition is also diagnosed in areas where RAO is tradition-
ally believed to be more prevalent and some horses may suffer
from both conditions.133

Prevalence of RAO has been reported as high as 55% of
horses in Switzerland based on endoscopy and tracheal wash
cytology.218 Considering the case definition used by the
authors, the prevalence was probably overestimated because
horses with IAD would have been diagnosed as RAO. In a
North American survey conducted on 166 horses selected at
random at a slaughterhouse, RAO was diagnosed histopatho-
logically in 19 horses (incidence of 12%).43

RAO and SPAOPD tend to be diagnosed in horses > 7 years
of age and there is no apparent breed or sex predilection.11,94

However, in a case-controlled study of horses diagnosed with
RAO at 19 North American Veterinary Teaching Hospitals 
(n = 2888) we found that Thoroughbred horses were
significantly more likely to be diagnosed with the disease 
than were other breeds (odds ratio, 2.4; P < 0.001; Couëtil, in
press).

Prevention

Inhaled dust particles play a central role in the pathophysiol-
ogy of RAO and management of the disease should always
include recommendations to decrease environmental expo-
sure. Particle deposition in the respiratory tract is related 
to their mean aerodynamic diameter (MMAD), which 
depends on particle size, shape, and density. Large particles 
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(MMAD > 5 �m) will be mainly deposited in the nasal pas-
sages. Smaller ones (MMAD < 5 �m) are called respirable
particles because they tend to be deposited in the lower
airways where they can exert their pro-inflammatory effects.
Among respirable dust particles, mold spores from hay and
straw including Aspergillus fumigatus, Faenia rectivirgula (pre-
viously called Micropolyspora faeni) and Thermoactinomyces
vulgaris have been directly implicated.84,188 Two main
approaches help reduce exposure of the horse’s airways to
respirable particles. The first appraoch is to use feedstuff and
bedding that generate low dust levels. For example, changing
bedding material from straw to cardboard can cut respirable
dust levels in half and reduce mold concentration to negligi-
ble levels.181 The second approach is to increase removal of
airborne particles by improving ventilation in the building.182

The ideal environment for horses with RAO is pasture
because exposure to dust is significantly less than in stalls,
regardless of feed and bedding quality.16,183 If for practical
reasons the horse cannot be kept on pasture at all times, ven-
tilation in the barn and stall, the type of bedding, feedstuff,
and general management should be scrutinized in order to
minimize allergen exposure. However, owners need to realize
that for RAO horses kept on pasture, exposure to organic dust
for even a few hours, such as when bringing horses indoors
to be fed or during periods of inclement weather, may be
sufficient to recruit inflammatory cells to the lungs resulting
in airway hyper-responsiveness and clinical signs.83,110

Horses with SPAOPD are generally affected between June
and September when they spend more than half of each day
on pasture.94 Consequently, the recommended environment
for these horses during the summer is low-dust indoor
housing.66,133

Simple changes such as switching bedding from straw to
wood shavings and feeding pellets or silage instead of hay
can decrease respirable dust at least five-fold.16,84 The rela-
tive amounts of respirable particles in different types of feed
and bedding materials, from the least dusty to the dustiest,
are concentrate with molasses > whole grain – silage (×2) >
cardboard bedding (×2.7) > alfalfa pellets (×4.5) > rolled
grain – good straw (×6) > wood shavings (×15) > good hay
(×30).181,184 Concentrate with molasses was given a refer-
ence value of 1 and numbers in parentheses represent the
numbers of fold increase in respirable particles for the dif-
ferent types of feed and bedding. If hay has to be part of the
horse’s diet, the amount of dust generated can be reduced
by feeding it after soaking it or preferably keeping it
immersed in a tub of water. An obvious potential problem
with this approach is the generation of more mold in the
stall if previously wet hay gets mixed with the bedding. Tub
water has to be changed every day. RAO horses maintained
in clinical remission at pasture and then housed long-term
in a very low-dust environment (i.e. cardboard bedding,
grass silage, grain with molasses) do not show detectable
changes in BAL fluid cytology or pulmonary function.181

But housing susceptible horses in an environment usually
considered low-dust, such as wood shavings bedding and
fed grass silage, may result in bronchial hyper-responsive-
ness despite horses maintaining normal tidal breathing

lung mechanics.185,186 Environmental control targeting
only the affected horse’s stall and not the rest of the stable
may be sufficient to improve clinical signs of RAO horses
but not to normalize lung function and pulmonary
inflammation.131

The activity in the barn also affects dust exposure with
peak levels during the day especially at the time of feeding
and cleaning of the stalls, when dust levels can increase more
than 10-fold.183 Therefore, dust-generating tasks such as
cleaning stalls and sweeping floors should be performed
when RAO-susceptible horses are outside the barn.
Grooming also generates airborne dust particles and should
be done outside or using a vacuum cleaner system.

Exercise-induced pulmonary
hemorrhage (EIPH)

● Exercise-induced pulmonary hemorrhage is a common
disorder of race horses, among which it occurs worldwide.

● EIPH may, rarely, manifest as epistaxis after exercise and
may be a cause of poor performance. It rarely causes
death.

● Diagnosis is based on demonstration of blood in the
airways either by tracheobronchoscopy after exercise or by
examination of tracheal aspirate or bronchoalveolar
lavage fluid.

● Furosemide (frusemide) is commonly used to treat EIPH,
although its efficacy under field conditions has not been
demonstrated.

● EIPH is caused by rupture of pulmonary capillaries with
subsequent development of pulmonary inflammation,
fibrosis and angiogenesis contributing to continued hem-
orrhage during exercise.

Recognition of disease

History and presenting complaint

Poor athletic performance and epistaxis are the most
common presenting complaints for horses with exercise-
induced pulmonary hemorrhage (EIPH). While poor per-
formance may be attributable to any of a large number of
causes, epistaxis associated with exercise is almost always
secondary to EIPH.

Epistaxis due to EIPH occurs during or shortly after exer-
cise and is usually first noticed at the end of a race, particu-
larly when the horse is returned to the paddock or winner’s
circle and is allowed to lower its head. It is usually bilateral
and resolves within hours of the end of the race. Epistaxis
may occur on more than one occasion, especially when
horses are raced or exercised at high speed soon after an
initial episode.

Failure of race horses to perform to the expected standard
(poor performance) is often, accurately or not, attributed to
EIPH. Many horses with poor performance have cytologic 
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evidence of EIPH on microscopic examination of tracheo-
bronchial aspirates or BAL fluid or have blood evident on
endoscopic examination of the tracheobronchial tree per-
formed 30 to 90 minutes after strenuous exercise or
racing.219,220 However, it is important to recognize that EIPH
is very common in race horses and it should be considered the
cause of poor performance only after other causes have been
eliminated. Severe EIPH undoubtedly results in poor perform-
ance and, on rare occasions, death of Thoroughbred race
horses.221 However, the effect of less severe EIPH on race per-
formance of Thoroughbred or Standardbred horses has not
been conclusively determined. A relationship between
finishing position and incidence of EIPH, diagnosed by 
bronchoscopic examination, was not detected for 191
Thoroughbred race horses that finished in first, second, or
third place.222 Furthermore, there was no relationship
between the proportion of horses with EIPH and placing (first,
second, or third versus other) in another 98 horses.222

Similarly, there was no relationship between finishing position
and proportion of horses with EIPH in 191 Thoroughbreds
examined after racing.223 There was no relationship between
severity of EIPH, assessed on tracheobronchoscopic examina-
tion, and race performance in 258 Thoroughbreds or 
296 Standardbred race horses.224 Together, these studies do
not demonstrate a clear relationship between the presence of
EIPH, or its severity, and race performance.

In contrast to the studies discussed above, among 452
Thoroughbred horses examined after racing in Hong Kong,
those finishing in the first three positions had less severe EIPH
than did horses finishing in lower positions.225 Of horses
finishing in the first three places, 43.9% had evidence of EIPH
on tracheobronchoscopic examination after racing whereas
55.9% of horses finishing in fourth to fourteenth place had
evidence of EIPH.

Results of studies in Standardbred race horses indicate
either a lack of effect of EIPH on performance or an associa-
tion between EIPH and superior performance. There was not
a relationship between presence of EIPH and finishing posi-
tion in 29 Standardbred race horses with intermittent EIPH
examined on at least two occasions,226 nor in 92
Standardbred race horses examined on one occasion.227

However, of 965 Standardbred race horses examined after
racing, those finishing first or second were 1.4 times more
likely (95% CI 0.9–2.2) to have evidence of EIPH on tracheo-
bronchoscopic examination than were horses that finished in
seventh or eighth position.228

Physical examination

Apart from epistaxis in a small proportion of affected horses,
there are few abnormalities detectable on routine physical
examination of horses with EIPH. Rectal temperature and
heart and breathing rates may be elevated as a consequence
of exercise in horses examined soon after exercise, but values
of these variables in horses with EIPH at rest are not notice-
ably different to horses with no evidence of EIPH.229 Affected
horses may swallow more frequently during recovery from
exercise than do unaffected horses, probably as a result of

blood in the larynx and pharynx.230 Coughing is common in
horses recovering from strenuous exercise and horses with
EIPH are reported to have a hacking cough, although this
observation may not be very specific.222 After recovery from
exercise, horses with EIPH are no more likely to cough than are
unaffected horses.231 Other clinical signs related to respiratory
abnormalities are uncommon in horses with EIPH. Respiratory
distress is rare in horses with EIPH and when present indicates
severe hemorrhage or other serious lung disease such as pneu-
monia, pneumothorax or rupture of a pulmonary abscess.
Lung sounds are abnormal in a small number of EIPH-affected
horses and when present are characterized by increased
intensity of normal breath sounds during rebreathing exami-
nation.229 Tracheal rales may be present in horses with EIPH
but are also heard in unaffected horses.230

Epistaxis associated with exercise is almost always attrib-
utable to pulmonary hemorrhage. The severity of epistaxis
ranges from flecks or a small amount of blood at one nostril
present after the horse lowers its head at the end of exercise
to profuse hemorrhage from both nostrils occurring during
exercise (Fig. 29.9). Epistaxis occurs in a small proportion of
race horses.222,223,230,232–236 The prevalence of epistaxis in
race horses varies between 0.1 and 9.0%, with the frequency
depending on the breed, age and sex of horses selected for
study, the type of racing, and the timing and frequency of
observation of horses after racing. Epistaxis occurs in 0.13%
of Thoroughbred race horses in Japan,232 5.9% of
Thoroughbreds in Hong Kong,225 0.8% of Thoroughbreds in
California,222 9.0% of Thoroughbreds in Pennsylvania,223

and 3.5% of Quarter Horses.234 Epistaxis is more common 
in older horses, with horses 5 years of age or older being 
6.4 times as likely as 2-year-olds to have epis-
taxis.223,225,230,232,235 Female Thoroughbreds are 1.4 times as
likely as stallions to have epistaxis.232 Epistaxis is more
common after races < 1600 m than in longer races.232

However, horses in steeplechase races, which are typically
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Horse with epistaxis secondary to EIPH. Note blood
splattered on the horse’s chest.



longer than 2000 m, are at greater risk of epistaxis than are
horses in flat races.230,232,235,237

Horses that have experienced one episode of epistaxis are
more likely to have a second episode. For this reason most
racing jurisdictions do not permit horses with epistaxis to race
for a period of weeks to months after the initial instance, with
more prolonged enforced rest after a subsequent episode of
epistaxis and retirement from racing after a third bout. The
recurrence rate after one episode of epistaxis in Thoroughbred
horses is approximately 13.5% despite affected horses not
being permitted to race for one month after the initial episode
of epistaxis.232 This high rate of recurrence suggests that the
inciting pulmonary lesions have not healed.

Diagnostic tests

There are a variety of techniques available for determining
the presence and severity of EIPH including direct visualiza-
tion of the airways through a flexible endoscope or examina-
tion of bronchial lavage fluid or tracheal aspirates for
evidence of hemorrhage. The utility of these diagnostic tests
varies and choice of examination technique depends on the
time between the horse racing and the examination and the
desired sensitivity of the test. For instance, tracheobroncho-
scopic examination is most appropriate if a horse is examined
within 1–2 hours of exercise whereas examination of airway
washings is most appropriate if the examination is days to a
week after strenuous exercise. Radiography, pulmonary
scintigraphic examination and lung function tests are useful
in eliminating other respiratory diseases as a cause of poor
performance, but are minimally useful in confirming a diag-
nosis of EIPH or in determining the severity of hemorrhage.
Tracheobronchoscopy Observation of blood in the
trachea or large bronchi of horses 30–120 minutes after

racing or strenuous exercise provides a definitive diagnosis of
EIPH. The amount of blood in the large airways varies from a
few small specks on the airway walls to a stream of blood
occupying the ventral one-third of the trachea (Fig. 29.10).
Blood may also be present in the larynx and nasopharynx. If
there is a strong suspicion of EIPH and blood is not present on
a single examination conducted soon after exercise, the
examination should be repeated in 60–90 minutes. Some
horses with EIPH do not have blood present in the rostral
airways immediately after exercise, but do so when examined
1–2 hours later. Blood is detectable by tracheobronchoscopic
examination for 1–3 days in most horses, with some horses
having blood detectable for up to 7 days.

Tracheobronchoscopic examination is performed using a
1–1.5 m flexible endoscope. Endoscopes of 1 m length allow
visualization of the rostral trachea to the level of the thoracic
inlet, but do not permit direct examination of the caudal
trachea and large bronchi. Use of an endoscope of at least
1.5 m length is recommended to allow direct examination of
all the large airways. The examination is performed with the
horse restrained while the endoscope is passed through the
ventral meatus into the nasopharynx. Most horses will toler-
ate passage of an endoscope into the caudal trachea with
minimal restraint such as application of a nose twitch. Some
horses may require administration of sedatives or tranquiliz-
ers. Administration of tranquilizers will alter pharyngeal and
laryngeal function and may impair assessment of abnormal-
ities of the upper airway. The nasopharynx and larynx are
then examined for the presence of blood or other abnormali-
ties and the endoscope is passed through the larynx into the
cranial trachea. The trachea is examined as the endoscope is
passed caudally so that the carina and cranial aspects of the
left and right bronchi are visualized.

Bronchoscopic examination can be used to estimate 
the severity of EIPH through use of a grading
system.222,225,226,238 A commonly used grading system has a
scale of four levels from 0 (no hemorrhage visible) to 3
(streak of blood > 5 mm wide) and its repeatability on con-
secutive examinations in Thoroughbred horses has been
demonstrated. Of 56 horses examined at least twice, 21
(38%) had identical scores on each examination, 26 (41%)
had scores that differed by one grade and nine had scores that
differed by two grades.238 It is assumed that a higher score
represents more severe hemorrhage, but while the repeatabil-
ity of this scoring system has been established, the relation-
ship between the amount of blood in the large airways and
the actual amount of hemorrhage has not been established.
Examination of airway secretions or lavage fluid The
presence of red cells or macrophages containing either effete
red cells or the breakdown products of hemoglobin (hemo-
siderophages) in tracheal or BAL fluid provides evidence of
EIPH (Fig. 29.11). Detection of red cells or hemosiderophages
in tracheal aspirates or bronchoalveolar lavage fluid is
believed to be both sensitive and specific in the diagnosis of
EIPH.220,239 Examination of airway fluids indicates the pres-
ence of EIPH in a greater proportion of horses than does tra-
cheobronchoscopic examination after strenuous exercise or
racing. The greater sensitivity of examination of airway fluid
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Fig. 29.10
Tracheobronchoscopic image of the carina of a horse with
severe EIPH.



is probably attributable to the ability of this examination to
detect the presence of small amounts of blood or its residual
products and the longevity of these products in the airways.
While endoscopic examination may detect blood in occasional
horses up to 7 days after an episode of EIPH, cellular evidence of
pulmonary hemorrhage persists for weeks after a single
episode.220,239–242 Red blood cells and macrophages containing
red cells are present in bronchoalveolar lavage fluid or tracheal
aspirates for at least one week after strenuous exercise or instil-
lation of autologous blood into airways and hemosiderophages
are present for at least 21 days and possibly longer.220,239–242

Recent studies have reported on the use of red cell
numbers in BAL fluid as a quantitative indicator of
EIPH.241,243–246 However, this indicator of EIPH severity has
not been validated nor demonstrated to be more reliable or
repeatable than tracheobronchoscopic examination and
visual scoring. Furthermore, considerable concern exists over
the suitability of red cell counts in BAL fluid for assessment of
severity of EIPH given that an unknown area, although pre-
sumably small, of the lung is examined by lavage and there is
a risk that this area of lung may not be representative of the
lung as a whole, similar to the situation of examination of
bronchoalveolar lavage fluid of horses with pneumonia.247

Tracheal aspirates may be obtained any time after exercise
by either aspiration during tracheobronchoscopic examination
or aspiration through a percutaneous intratracheal needle and
catheter. Aspirates obtained through an endoscope may not be
sterile, depending on the collection technique. BAL fluid can be
obtained either through an endoscope wedged in the distal
airway or through a cuffed tube inserted blindly into a distal
airway. Collection of fluid through an endoscope has the
advantage of permitting examination of the distal airways and
selection of the area of lung to be lavaged. However, it does
require the use of an endoscope that is longer (2 m) than those
readily available in most equine practices. A commercial BAL
catheter does not require use of an endoscope and can be
readily used in field situations.

For both endoscopic and lavage tube collection of BAL
fluid the horse is restrained and sedated (xylazine
0.5–1.0 mg/kg i.v., detomidine 20–40 �g/kg i.v.). Some 

clinicians administer butorphanol (0.02–0.5 mg/kg i.v.) or
local anesthetic (lidocaine (lignocaine), 20 ml of a 2% solu-
tion diluted with saline to a total volume of 100 ml and
administered into the trachea) to suppress coughing.
Application of a nose twitch may be necessary in some
horses. The endoscope or lavage tube is passed into the
trachea and then advanced caudally until it wedges in the
distal airway. The cuff of the lavage tube is then inflated and
a quantity of fluid (150–300 ml) of isotonic fluid (phosphate
buffered 0.9% sodium chloride or similar) rapidly injected.
After allowing the horse several breaths, the fluid is aspirated
with the first 20 ml being discarded. Blind passage of the
lavage tube usually results in its lodging in the dorsocaudal
lung region.248

Radiography Thoracic radiography is of limited use in
detecting horses with EIPH. Radiographs may demonstrate the
presence of densities in the caudodorsal lung fields of some
horses (Fig. 29.12),249 but many affected horses have minimal
to undetectable radiographic abnormalities. Examination of
thoracic radiographs of horses with EIPH may be useful in
ruling out the presence of another disease process, such as a
pulmonary abscess, contributing to the horse’s pulmonary
hemorrhage or poor athletic performance.
Pulmonary scintigraphy Scintigraphic examination of
lungs has the potential to detect horses with EIPH but to date
technical limitations have precluded its routine use for this
purpose.250,251

Exercise testing During incremental exercise on a tread-
mill, horses with EIPH have more severe exercise-induced
arterial hypoxemia, hypercapnia and higher blood lactate
concentrations than do control horses.252 These changes
indicate abnormalities in gas exchange in horses with EIPH
but are not sufficiently large to be useful clinically. Blood 
gas tensions in horses with EIPH are within the normal
ranges.
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Fig. 29.11
Hemosiderophages in bronchoalveolar lavage fluid of a
Standardbred race horse.

Fig. 29.12
Thoracic radiograph of a 5-year-old Thoroughbred race horse.
Radiographic signs of EIPH are evident as the wedge-shaped
density in the dorsocaudal lung fields.



Necropsy examination

Exercise-induced pulmonary hemorrhage is a rare cause of
death of race horses. Necropsy examination of affected horses is
usually incidental to examination for another cause of death.
Pertinent abnormalities in horses with EIPH are restricted to the
respiratory tract. Grossly, horses examined within hours of
strenuous exercise, such as horses necropsied because of cata-
strophic musculoskeletal injuries incurred during racing, may
have severe petechiation in the caudodorsal lung fields (Fig.
29.13). Horses with chronic disease have blue/gray or
blue/brown discoloration of the visceral pleural surfaces of the
caudodorsal lung fields that is often sharply demarcated, 

especially on the diaphragmatic surface (Fig. 29.14).253 The 
discoloration affects both lungs equally with 30 to 50% of the
lung fields being discolored in severe cases.253 Affected areas do
not collapse to the same extent as unaffected areas and, in the
deflated lung, have a spleen-like consistency.253 On the cut sur-
face, the discolored areas of lung are predominantly contiguous
with the dorsal pleural surface and extend ventrally into the
lung parenchyma. Areas of affected lung may be separated 
by normal lung. There is proliferation of bronchial vessels, 
predominantly arteries and arterioles, in affected areas.254

Histologically, affected areas exhibit bronchiolitis, hemo-
siderophages in the alveolar lumen and interstitial spaces, and
fibrosis of interlobular septa, pleura and around vessels and
bronchioles.255

637
29 Non-infectious diseases of the lower respiratory tract

Fig. 29.14
Lungs of a Thoroughbred race horse with exercise-induced
pulmonary hemorrhage.The lesions are restricted to the
caudodorsal lung fields and produce a blue-gray discoloration
of the visceral pleural surface.

Hemorrhage into trachea or bronchi:
Exercise-induced pulmonary hemorrhage
Pulmonary abscess
Trauma
Pneumonia
Pulmonary foreign body
Hemangiosarcoma
Pulmonary neoplasia

Epistaxis:
All of the above
Guttural pouch mycosis
Ethmoidal hematoma
Thrombocytopenia
Trauma
Neoplasia

Table 29.6 Causes of epistaxis or hemorrhage into airways 
of horses

A

B

Fig. 29.13
(A) Lungs of a Thoroughbred race horse euthanased
immediately after racing because of a catastrophic
musculoskeletal injury. Lesions of acute EIPH are evident in
dorsocaudal lung fields. Photograph courtesy of Prof. R.
Slocombe. (B) Closer view of lungs in Figure 29.14A
demonstrating focal nature of hemorrhage. Photograph
courtesy of Prof. R. Slocombe.



Diagnostic confirmation

Presence of EIPH is most immediately confirmed by
tracheobronchoscopic examination of the horse after stren-
uous exercise. Detection of red blood cells or hemo-

siderophages in tracheal aspirates or BAL fluid is also
indicative of EIPH. The finding of hemorrhage in the
airways of a horse soon after exercise allows a strong pre-
sumptive diagnosis of EIPH. Other causes of hemorrhage
into airways are listed in Table 29.6.
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Putative mechanism and Intervention Evidence of efficacy
contributing factor

High pulmonary capillary pressure
High cardiac output Furosemide (frusemide) Increasing evidence of efficacy of furosemide in control of EIPH

Dehydration
Other diuretics

Insufficient pulmonary vasodilation Antihypertensive agents: No studies to investigate efficacy or effect on PAP
Guanabenz
Clonidine

Enalapril No effect on PAP during intense exercise
Nitric oxide donors/analogs: NG reduces PAP of standing horses. No evidence of effect on

Nitroglycerin (NG) PAP during exercise. NO blockade by L-NAME does not affect
Nitroprusside PAP during intense exercise
L-arginine

Phosphodiesterase inhibitors: No known effects on PAP or EIPH
Sildenafil (Viagra)
Aminophylline

Increased blood viscosity Pentoxifylline No effect on PAP during intense exercise. Effect on EIPH not 
(reduced red cell deformability, reported
echinocytosis)

Low alveolar pressure – increased 
upper airway resistance

Upper airway abnormalities Surgical correction of No demonstrated efficacy on EIPH
(increased inspiratory resistance) obstruction
Resistance at nares Nasal dilator strips (Flair) Decreases red cell count in bronchoalveolar lavage fluid 

collected after intense exercise
Low alveolar pressure – 
intrathoracic obstruction

Bronchoconstriction Bronchodilatory drugs: No demonstrated efficacy on EIPH. Clenbuterol does not 
Clenbuterol affect PAP during exercise
Albuterol
Ipratropium
Pyrroglycolate

Lower airway inflammation Anti-inflammatory drugs:
Corticosteroids No demonstrated efficacy of corticosteroids in preventing EIPH
Cromolyn sodium Cromolyn sodium has demonstrated lack of efficacy

Low allergenic stall bedding No efficacy in reducing EIPH
(paper)

Interstitial inflammation and 
bronchial angiogenesis

Progressive lung injury Rest No demonstrated efficacy in reducing EIPH
Corticosteroids No demonstrated efficacy in reducing EIPH

Coagulopathy or platelet dysfunction
Excessive fibrinolysis Aminocaproic acid Inhibits fibrinolysis. No demonstrated efficacy in preventing 

EIPH
Estrogens Rationale unclear. No demonstrated efficacy in preventing EIPH

Increased platelet aggregation Aspirin Inhibits platelet aggregation. No demonstrated effect in
preventing EIPH

Capillary fragility Hesperidin-citrus bioflavinoids No effect on EIPH in 45 horses
PAP, pulmonary artery pressure; EIPH, exercise-induced pulmonary hemorrhage, NO, nitric oxide.

Table 29.7 Pharmacotherapeutic and management interventions used to prevent exercise-induced pulmonary hemorrhage in horses



Treatment and prognosis

Therapeutic aims

The aims of treatment are to reduce the severity of hemor-
rhage and minimize the adverse sequelae to hemorrhage.
Sequelae to hemorrhage include airway and interstitial
inflammation and fibrosis.

Treatment

Therapy for EIPH is controversial in that a wide variety of
treatments is used but there is no conclusive evidence of
efficacy for any of them in horses under field, i.e. racing, con-
ditions (Table 29.7). Therapy of EIPH is usually a com-
bination of attempts to reduce the severity of subsequent
hemorrhage and efforts to minimize the effect of recent
hemorrhage.

Treatment of EIPH is problematic for a number of reasons.
First, the pathogenesis of EIPH has not been determined
although the available evidence supports a role for stress
failure of pulmonary capillaries (see below). Second, there is
a lack of information using large numbers of horses under
field conditions that demonstrates an effect of any medica-
tion or management practice (with the exception of bedding)
on EIPH. There are numerous studies of small numbers of
horses (< ~40) under experimental conditions but these
studies often lacked the statistical power to detect treatment
effects and, furthermore, the relevance of studies conducted
on a treadmill to horses racing competitively is questionable.
Treatments for EIPH are usually intended to address a specific
aspect of the pathogenesis of the disease and will be discussed
in that context.
Prevention of stress failure of the pulmonary 
capillaries Stress failure of pulmonary capillaries, and

subsequent subsequent hemorrhage, is believed to occur as a
result of the high transmural pressures in pulmonary capil-
laries that develop in the lungs of horses during strenuous
exercise. There is therefore interest in reducing the pressure
difference across the pulmonary capillary membrane in an
effort to reduce EIPH. Theoretically, this can be achieved by
reducing the pressure within the capillary or increasing
(making less negative) the pressure within the intrathoracic
airways and alveolus.
Reducing pulmonary capillary pressure Furosemide
(frusemide) administration as prophylaxis of EIPH is per-
mitted in a number of racing jurisdictions worldwide 
(Fig. 29.15).256 Within the USA and Canada, almost all
Thoroughbred, Standardbred and Quarter Horse racing juris-
dictions permit administration of furosemide before racing.
Approximately 85% of all Thoroughbred race horses in the
USA and Canada receive furosemide at some stage of their
career and, on average, 75% of horses in a race receive
furosemide.257 Although accurate numbers are not available,
it appears that a smaller proportion of Standardbred and
Quarter Horse race horses receive furosemide before racing.
Furosemide is administered to 22–32% of Standardbred race
horses and 19% of racing Quarter Horses in two racing
jurisdictions.258–260

The efficacy of furosemide in treatment of EIPH is uncer-
tain. While field studies of large numbers of horses do not
demonstrate an effect of furosemide on the prevalence of
EIPH,224,261 studies of Thoroughbred horses running on a
treadmill provide evidence that furosemide reduces the severity
of EIPH.245,246 Under field conditions, based on tracheobron-
choscopic evaluation of the severity of bleeding, furosemide
has been reported to reduce or have no influence on the sever-
ity of bleeding.224,238 This apparent inconsistency may be
attributable to measurement of red blood cell counts in 
BAL fluid of horses that have run on a treadmill not being
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Furosemide (frusemide) use not permitted

Furosemide (frusemide) use permitted

Fig. 29.15
Map depicting racing
jurisdictions (purple) that
permit administration of
furosemide (frusemide) on
the day of racing. Source:
www.horseracingintfed.com.



representative of effects of furosemide under field conditions.
The weight of evidence from field studies does not support a role
for furosemide in preventing or reducing the severity of EIPH.

The mechanism by which furosemide may reduce the
severity of EIPH is unknown although it is speculated that
furosemide, by attenuating the exercise-induced increase in
pulmonary artery and pulmonary capillary pressure of
horses, reduces the frequency or severity of pulmonary capil-
lary rupture.262–264

Furosemide is associated with superior performance in both
Thoroughbred and Standardbred race horses.257,258

Thoroughbred horses treated with furosemide were 1.4 times as
likely to win the race, earned more money and had a standard-
ized 6 furlong race time 0.56 to 1.09 seconds less than
untreated horses.257 Similarly, furosemide reduced one mile
race times of Standardbred pacers by 0.31 to 0.74 seconds.258

Antihypertensive agents used in control of systemic (not
pulmonary artery) hypertension in humans have been used
in an effort to prevent EIPH in horses. Drugs including guan-
abenz and clonidine have been administered to horses to
prevent EIPH, but the efficacy of these drugs in preventing
EIPH or reducing pulmonary capillary pressure of exercising
horses has not been demonstrated. Enalapril is effective in
inhibiting angiotensin-converting enzyme (ACE) activity in
horses, but does not affect pulmonary artery pressure of
exercising horses.265 Similarly, the efficacy of enalapril in pre-
venting EIPH has not been demonstrated.

Nitric oxide is a potent vasodilator in many vascular beds.
Administration of nitroglycerin (a nitric oxide donor) reduces
pulmonary artery pressure of standing horses, but does not
affect pulmonary artery pressure of horses during intense
exercise.266 L-Arginine is a nitric oxide donor with no demon-
strated efficacy in reducing pulmonary capillary pressure or
EIPH in horses. The effect of L-NAME, an inhibitor of nitric
oxide synthetase, on pulmonary artery pressure during
maximal exercise is controversial with either no effect or a
decrease in pulmonary artery pressure reported.267,268

Interestingly, L-NAME administration caused an increase in
severity of EIPH.267 Sildenafil, a phosphodiesterase inhibitor
that accentuates the effect of nitric oxide and is used in the
treatment of erectile dysfunction in men, has been adminis-
tered to horses in an apparent attempt to reduce EIPH.
However, its efficacy in preventing EIPH or reducing pul-
monary capillary pressure has not been demonstrated.

An increase in pulmonary capillary pressure secondary to
altered rheostatic properties of blood during exercise has
been suggested as a possible contributing factor for EIPH.269

Furosemide increases blood viscosity whereas pentoxifylline
increases red blood cell deformability and may attenuate the
increase in blood viscosity that occurs during exercise.270–272

However, pentoxifylline does not affect pulmonary capillary
pressure of exercising horses and did not affect the preva-
lence of EIPH in a small experimental study.273

Increasing alveolar inspiratory pressure Airway
obstruction, either intrathoracic or extrathoracic, increases
airway resistance and results in a more negative intratho-
racic (pleural) pressure during inspiration to maintain tidal
volume and alveolar ventilation. Causes of extrathoracic

airway obstruction include laryngeal hemiplegia and other
abnormalities of the upper airway (see Chapter 27), whereas
intrathoracic obstruction is usually a result of bronchocon-
striction and inflammatory airway disease. Horses with
partial extrathoracic inspiratory obstruction or bronchocon-
striction and airway inflammation associated with recurrent
airway obstructive disease (heaves) have pleural (and hence
alveolar) pressures that are lower (more negative) than those
in unaffected horses or in horses after effective treatment.

Partial inspiratory obstruction, such as produced by
laryngeal hemiplegia, exacerbates the exercise-induced
decrease in intrapleural pressures with a consequent increase
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Pulmonary
capillary

Rest

Exercise

Exercise plus laryngeal hemiplegia

Alveolus

Transmural pressure =
23 – (– 6) = 29 mmHg

Transmural pressure =
57 – (– 31) = 88 mmHg

Transmural pressure =
77 – (– 57) = 134 mmHg

23 mmHg

–6 mmHg

–31 mmHg

57 mmHg

–57 mmHg

77 mmHg

Fig. 29.16
Schematic representation of determinants of transmural
pressure in a horse at rest, during intense exercise, and during
intense exercise with left laryngeal hemiplegia. Data from
Ducharme et al.276



in transmural capillary pressures (Fig. 29.16).274–276 These
changes may exacerbate the severity of EIPH although an
association between upper airway obstructive disease and
EIPH has not been demonstrated. Surgical correction of
airway obstruction is expected to resolve the more negative
intrapleural pressure but its effect on EIPH is unknown.

Recently, the role of the nares in contributing to upper
airway resistance, and hence lowering inspiratory intra-
pleural pressure during intense exercise has attracted the
attention of some investigators (Fig. 29.17). Application of
nasal dilator bands (Flair strips) reduces nasal resistance by
dilating the nasal valve,277 and reduces red cell count of BAL
fluid collected from horses after intense exercise on a tread-
mill.244,245 However, the effect of this intervention in horses
racing competitively has not been demonstrated.

The role of small airway inflammation and bronchocon-
striction in the pathogenesis of EIPH is unclear. However,
horses with EIPH are often treated with drugs intended to
decrease lower airway inflammation and relieve bronchocon-
striction. Beta-adrenergic bronchodilatory drugs such as
clenbuterol and albuterol are effective in inducing bron-
chodilation in horses with bronchoconstriction, but their
efficacy in preventing EIPH is either unknown or, in very
small studies, is not evident. Clenbuterol does not alter the
hemodynamic responses of horses to exertion nor attenuate
exercise-induced arterial hypoxemia in normal horses.278,279

Ipratropium, a parasympatholytic drug administered by
inhalation, showed promise in a very small study (two
horses) of preventing EIPH.280 Corticosteroids, including
dexamethasone, fluticasone and beclomethasone, adminis-
tered by inhalation, parenterally or enterally reduce airway
inflammation and obstruction, but have no demonstrated
efficacy in preventing EIPH. Cromolyn sodium (sodium cro-
moglicate) has no efficacy in preventing EIPH.281

Water vapor treatment (inhalation of water saturated air)
has been proposed as a treatment for EIPH because of its

putative effect on small airway disease. However, water vapor
treatment has no effect on EIPH.282

The use of bedding of low allergenic potential (shredded
paper) to prevent EIPH has no apparent effect on the preva-
lence of EIPH.283 While it is suggested that the severity of
EIPH may be reduced by preventing or minimizing small
airway disease, studies to demonstrate such an effect have not
been reported. However, optimizing the air quality in barns
and stables and preventing infectious respiratory disease
appear sensible precautions.
Interstitial inflammation and bronchial angiogenesis
Hemorrhage into interstitial tissues induces inflammation
with subsequent development of fibrosis and bronchial
artery angiogenesis.240,254,284 The role of these changes in
perpetuating EIPH in horses is unclear, but is likely to be of
some importance. Treatments to reduce inflammation and
promote healing with minimal fibrosis have been proposed.
Rest is an obvious recommendation and many racing juris-
dictions have rules regarding enforced rest for horses with
epistaxis. While the recommendation for rest is intuitive,
there is no information that rest reduces the severity or inci-
dence of EIPH in horses with prior evidence of this disorder.

Similarly, corticosteroids are often administered, either by
inhalation, enterally or parenterally, in an attempt to reduce
pulmonary inflammation and minimize fibrosis. Again, the
efficacy of this intervention in preventing or minimizing
severity of EIPH has not been documented.
Excessive bleeding
Coagulopathy and fibrinolysis Exercise induces substan-
tial changes in blood coagulation and fibrinolysis.285

However there is no evidence that horses with EIPH have
defective coagulation or increased fibrinolysis.286,287 Regard-
less, aminocaproic acid, a potent inhibitor of fibrin degrada-
tion, has been administered to horses to prevent EIPH. The
efficacy of aminocaproic acid in preventing EIPH has not
been demonstrated. Similarly, estrogens are given to horses
with the expectation of improving hemostasis although 
the effect of estrogens on coagulation in any species is
unclear. There is no evidence that estrogens prevent EIPH in
horses.

Vitamin K is administered to horses with EIPH presumably
with the expectation that it will decrease coagulation 
times. However, as EIPH is not associated with prolonged
bleeding times, it is unlikely that this intervention will affect
the prevalence or severity of EIPH.
Platelet function Aspirin inhibits platelet aggregation in
horses and increases bleeding time.288 Seemingly para-
doxically, aspirin is sometimes administered to horses with
EIPH because of concerns that increased platelet aggregation
contributes to EIPH.289 There is no evidence that aspirin
either exacerbates or prevents EIPH.
Capillary integrity Capillary fragility increases the risk of
hemorrhage in many species. Various bioflavinoids have been
suggested to increase capillary integrity and prevent bleed-
ing. However, hesperidin and citrus bioflavinoids have no
efficacy in prevention of EIPH in horses.290 Similarly, vitamin
C is administered to horses with EIPH without scientific evi-
dence of any beneficial effect.

641
29 Non-infectious diseases of the lower respiratory tract

Fig. 29.17
Horse
wearing a
nasal dilator
(Flair) strip.
Photograph
courtesy of
Dr S.
Holcombe.



Overview of treatment Selection of therapy for horses
with EIPH is problematic. Given that most horses have some
degree of pulmonary hemorrhage during most bouts of
intense exercise, the decision must be made not only as to the
type of treatment and its timing but also which horses to
treat. Moreover, the apparent progressive nature of the
disease with continued work highlights the importance of
early and effective prophylaxis and emphasizes the need for
studies of factors, such as air quality and respiratory infec-
tions, in inciting the disorder.

The currently favored treatment for EIPH is administration of
furosemide (frusemide) before intense exercise. Its use is permit-
ted in race horses in a number of countries. Increasingly per-
suasive laboratory evidence of an effect of furosemide to reduce
red cell count in BAL fluid collected from horses soon after
intense exercise supports the contention that furosemide is
effective in reducing the severity of EIPH in race horses.
However, it should be borne in mind that neither the relation-
ship between severity of EIPH and red cell count in BAL fluid nor
the efficacy of furosemide in reducing severity of EIPH in race
horses in the field has been demonstrated. In fact, there is strong
evidence that furosemide does not reduce the prevalence of
EIPH and other evidence that it does not reduce the severity 
of EIPH under field conditions. The association between
furosemide administration and superior performance in
Standardbred and Thoroughbred race horses should be borne
in mind when recommending use of this drug.

Rest is an obvious recommendation for horses with EIPH,
but the hemorrhage is likely to recur when the horse is next
strenuously exercised. The duration of rest and the optimal
exercise program to return horses to racing after EIPH is
unknown, although some jurisdictions require exercise no
more intense than trotting for 2 months. Firm recommenda-
tions cannot be made on duration of rest because of a lack of
objective information.

Although a role for lower airway disease (either infec-
tious or allergic) in the genesis of EIPH has not been demon-
strated, control of infectious diseases and minimization 
of non-infectious lower airway inflammation appears
prudent.

Prognosis

The prognosis for racing for horses with clinically significant
EIPH is guarded because of the progressive nature of the
disease. Horses that have experienced severe EIPH on one
occasion are likely to do so again regardless of treatment.
However, the risk of horses experiencing a repeated bout of
severe hemorrhage and the effect of EIPH on career longevity
are unknown.

Pathophysiology and etiology

The likely proximate cause of EIPH is rupture of alveolar cap-
illary membranes with subsequent extravasation of blood
into interstitial and alveolar spaces (Fig. 29.18).291 The
source of blood in such instances is the pulmonary circula-

tion. Bleeding from bronchial circulation during exercise has
been suggested based on histologic evidence of bronchial
angiogenesis in horses that have experienced previous
episodes of EIPH.292 Whether there is a contribution of the
bronchial circulation to EIPH has not been determined.
Regardless of the contribution of bronchial circulation to
blood in the airways, the likely initial lesion is in capillaries
associated with the pulmonary circulation. Hemorrhage into
the interstitial space and alveoli, with subsequent rostral
movement of blood in the airways, results in blood in the
trachea and bronchi and, infrequently, epistaxis.

Rupture of alveolar capillaries occurs secondary to an
exercise-induced increase in transmural pressure (pressure
difference between the inside of the capillary and the alveolar
lumen) (Fig. 29.16). If the transmural stress exceeds the
tensile strength of the capillary wall, the capillary rup-
tures.293 The proximate cause of alveolar capillary rupture is
the high transmural pressure generated by positive intracap-
illary pressures (largely attributable to capillary blood pres-
sure) and the lower intra-alveolar pressure (generated by the
negative pleural pressures associated with inspiration).
During exercise, the absolute magnitudes of both pulmonary
capillary pressure and alveolar pressure increase, with a con-
sequent increase in transmural pressure.276,293 (Fig. 29.16)
Strenuous exercise is associated with marked increases in
pulmonary artery pressure in horses.243,263,294 Values for
mean pulmonary arterial pressure at rest of 20–25 mmHg
increase to greater than 90 mmHg during intense exercise
because of the large cardiac output achieved by exercising
horses. Although pulmonary capillary pressure cannot be
measured directly, it can be estimated from pulmonary artery
wedge pressures. Different techniques for estimating pul-
monary capillary pressure produce varying values, but
invariably exercise induces a marked increase in pulmonary
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Fig. 29.18
Electron micrograph demonstrating rupture of an alveolar
capillary (c, thin arrows) with extravasation of red blood
cells (*) into pulmonary interstitium.The ‘a’ is the alveolar
airspace and the arrow mark the site of disruption of the
pulmonary capillary epithelium. Reproduced with permission
from West et al.291



capillary pressure.276,295,296 Combined with the increase in
pulmonary capillary pressure is a marked decrease (more
negative) in pleural, and therefore alveolar, pressures during
exercise. Pleural pressures of normal horses during inspira-
tion decrease from approximately –0.7 kPa (–5.3 mmHg) at
rest to as low as –8.5 kPa (–64 mmHg) during strenuous
exercise.297 Together, the increases in pulmonary capillary
pressure and decreases (more negative) in intrapleural (alve-
olar) pressure contribute to a marked increase in stress in 
the alveolar wall. Although the alveolar wall and pul-
monary capillary of horses are stronger than those of
other species, rupture may occur because the wall stress 
in the alveolus exceeds the mechanical strength of the
capillary.298

Other theories of the pathogenesis of EIPH include 
(Table 29.8): small airway disease, upper airway obstruction,
hemostatic abnormalities, changes in blood viscosity and ery-
throcyte shape, intrathoracic shear forces associated with
gait, and bronchial artery angiogenesis.292,299 It is likely that
the pathogenesis of EIPH involves several processes, includ-
ing pulmonary hypertension, lower alveolar pressure and
changes in lung structure, that summate to induce stress
failure of pulmonary capillaries.

Obstruction of either the upper or lower airways has been
proposed as a cause of EIPH.300 Inspiratory airway obstruc-
tion results in more negative intrapleural, and therefore alve-
olar, pressures. This effect is exacerbated by exercise with the
result that alveolar transmural pressure is greater in horses
with airway obstruction (Fig. 29.16).274,276 The higher trans-
mural pressure in such horses may increase the severity of
EIPH, although this has not been demonstrated. Moreover,
while inspiratory airway obstruction may predispose to EIPH,
the prevalence of this condition is much less than that of
EIPH, indicating that it is not the sole factor inducing EIPH in
most horses.

Horses with moderate to severe EIPH have histologic evi-
dence of inflammation of the small airways,255,301 and there

is a clear association between presence of EIPH and inflam-
matory changes in bronchoalveolar or tracheal aspirate
fluid.239,302 However, because instillation of autologous blood
into the airways induces a marked inflammatory response in
normal horses,240 it is unclear if inflammation alone induces
or predisposes to EIPH or if the inflammation is a result of
EIPH. Theoretically, small airway inflammation and bron-
choconstriction have the potential to produce intrathoracic
airway obstruction and, therefore, a more negative alveolar
pressure. Given that small airway disease is common in
horses, there is the potential for an important effect of factors
such as viral infections, air pollution and allergic airway
disease to contribute to the initiation or propagation of
EIPH.

Exercise is accompanied by marked changes in blood flow
characteristics attributable to an increase in hematocrit and
decrease in red cell deformability.269,303 These changes cause
an increase in microvascular shear stress and thus could,
conceivably, contribute to capillary rupture.303 However,
there is at present no direct evidence that indicates that this is
an important feature of EIPH.

The characteristic location of lesions of EIPH in the cau-
dodorsal lung fields has led to the proposal that hemorrhage
is a result of tissue damage occurring when waves of stress,
generated by forelimb foot strike, are focused and amplified
into by the narrowing cross-sectional area of the caudal lung
lobes.299 According to the theory, the locomotory impact of
the forelimbs results in transmission of forces through the
scapula to the body wall, from where they pass into the lungs
and caudally and dorsally. As the wave of pressure passes into
the narrower caudodorsal regions of the lungs it generates
progressively greater shearing forces which disrupt tissue and
cause EIPH.299 However, studies of intrapleural pressures
have not demonstrated the presence of a systemic pressure
wave passing through the lung and do not provide support for
this hypothesis.304

Horses with EIPH have been suspected of having defects in
either hemostasis or fibrinolysis. However, while exercise
induces substantial changes in blood coagulation and
fibrinolysis,285 these is no evidence that horses with EIPH
have defective coagulation or increased fibrinolysis.286,287

Overview Regardless of the cause, rupture of pulmonary
capillaries and subsequent hemorrhage into airways and
interstitium causes inflammation of both airways and inter-
stitium with subsequent development of fibrosis and alter-
ation of tissue compliance (Fig. 29.19). Heterogeneity of
compliance within the lungs, and particularly at the junction
of normal and diseased tissue, results in development of
abnormal shear stress with subsequent tissue damage. These
changes are exacerbated by inflammation and obstruction of
small airways with resulting uneven inflation of the lungs.305

The structural abnormalities, combined with pulmonary
hypertension and the large intrathoracic forces associated
with respiration during strenuous exercise, cause repetitive
damage at the boundary of normal and diseased tissue with
further hemorrhage and inflammation. The process, once
started, is lifelong and continues for as long as the horse con-
tinues to perform strenuous exercise.292
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Pulmonary capillary hypertension
Rheologic properties of blood
Negative intrapleural (alveolar) pressures
Extrathoracic airway obstruction (e.g. laryngeal hemiplegia)
Intrathoracic airway obstruction (e.g. bronchoconstriction)
Small airway inflammatory disease

viral or bacterial infections
allergy
air pollution (dust, ozone)

Coagulopathy
abnormal platelet function
capillary fragility

Bronchial neovascularization
Pulmonary fibrosis and altered compliance
Locomotory forces

foot strike
abdominal piston

Table 29.8 Potential factors inducing or contributing to the
severity of exercise-induced pulmonary hemorrhage



Epidemiology

Exercise-induced pulmonary hemorrhage is a disorder of
horses that run at high speed, such as Thoroughbred or
Standardbred race horses. The disease is almost unknown in
endurance horses or draft breeds. As a general rule, the more
intense the exercise or higher the speed attained, the greater
the proportion of horses with EIPH.

The prevalence of EIPH varies with the method used to
detect it and the frequency with which horses are examined.
Almost all Thoroughbred race horses in active training have
hemosiderophages in BAL fluid, indicating that all have some
degree of EIPH.220 The prevalence of EIPH decreases when
diagnosis is based on endoscopic examination of horses after
exercise or racing.

Exercise-induced pulmonary hemorrhage is very common
in Thoroughbred race horses with estimates of prevalence,
based on a single endoscopic examination of the trachea and
bronchi, of 43–75%.223,225,306 The prevalence increases with
the frequency of examination with over 80% of horses
having evidence of EIPH on at least one occasion after exam-
ination after each of three consecutive races.261 The preva-
lence of EIPH in Standardbred race horses is assumed to be
lower, with 26–34% of horses reported to have blood in the
trachea after racing.227,307 However, these studies were based
on a single examination and one307 only reported as positive
those horses with blood covering more than one-half of the
tracheobronchial tree. When examined after each of three
races, 87% of Standardbred race horses have evidence 
of EIPH on at least one occasion,226 suggesting that EIPH is 
as common in Standardbred race horses as it is in
Thoroughbred race horses.

Exercise-induced pulmonary hemorrhage occurs in
approximately 62% of racing Quarter Horses, and has been
observed in Quarter Horses used for barrel racing.234 The dis-
order occurs in racing Appaloosa horses.233 Approximately
11% of polo ponies are affected with EIPH.308

Age is an important risk factor for EIPH with the pre-
valence of the disorder being higher in older horses 
(Fig. 29.20).223,225,306 There is no consistent effect of sex on
prevalence of EIPH.223,225,227,306

Among Thoroughbred race horses the prevalence of EIPH
increases with increasing speed.223,301 The prevalence of
EIPH is greater in Thoroughbreds after racing than after
breezing (galloping) (Fig. 29.20) and lesions of EIPH are not
detected in young Thoroughbred race horses that have not
trained at speeds above 7 meters per second.223,301

Prevention

Aspects of prevention of EIPH are discussed under
‘Treatment and prognosis’. At present, there are no recog-
nized and accepted approaches for prevention of EIPH in
young horses. Development of strategies for prevention will
depend on an understanding of the inciting causes of EIPH.

Interstitial pneumonia

● Interstitial pneumonia is a rare disease of horses that can
be caused by infections, toxins, or immune-mediated
mechanisms, but most cases remain undiagnosed.

● Acute cases often present for acute respiratory distress
whereas chronic cases have a history of progressive
weight loss and increasing respiratory difficulty.

● History, clinical examination, lung function testing, and
thoracic radiographs help reach a presumptive diagnosis
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Proposed pathogenesis of EIPH.
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of interstitial pneumonia, but histology of a lung biopsy is
required to confirm diagnosis.

● Treatment is usually unrewarding and prognosis is poor.

Recognition of the disease

History and presenting complaint

Interstitial pneumonia is an uncommon cause of pulmonary
disease in horses, with both acute and chronic presentations
having been described. Affected animals may vary in age
from foals as young as 1 month to horses over 20 years and
present with acute or chronic onset of tachypnea, weight
loss, exercise intolerance, increased respiratory efforts, fever
and cough.309–312 Clinical presentation may vary from horses
developing acute respiratory distress in less than 24 hours to
horses exhibiting progressive weight loss and exercise intoler-
ance over a period of months. Animals usually fail to improve
in response to antimicrobial and anti-inflammatory therapy.

Physical examination

Horses presenting acute forms of the disease usually exhibit
respiratory distress characterized by nostril flaring, tachy-
pnea, increased respiratory efforts, and cyanotic mucous
membranes.310,313 Fever, tachycardia, and abnormal breath
sounds (e.g. wheezes, crackles) upon thoracic auscultation
are frequently found during physical examination. Other
horses display decreased breath sound intensity over the
entire lung field despite obvious breathing difficulty.311

Chronic cases often exhibit progressive weight loss and
increasing breathing difficulties. Horses may be asympto-
matic in the early stages of chronic interstitial pneumonia
(e.g. silicosis).314

Special examination

Thoracic radiographs often reveal a severe, diffuse interstitial
pattern occasionally forming a miliary to nodular pattern 
(Fig. 29.21).310,314 Areas of alveolar opacities with air broncho-
gram may be seen in addition to bronchointerstitial patterns.
Repeating radiographs may be useful to follow disease progres-
sion. However, it is a poor predictor of lung function and radio-
graphic findings may be normal in a horse with significant
exercise intolerance. Ultrasonography of the chest may reveal
an irregular lung surface with small hyperechoic areas.311

Transcutaneous lung biopsy often provides a definitive
diagnosis. However, complications such as pulmonary hem-
orrhage, pneumothorax, and rarely death can occur.315,316

Histologic findings in acute severe cases reveal diffuse, necro-
tizing bronchiolitis and alveolitis, hyaline membrane forma-
tion, interstitial edema and fibrosis, and type II pneumocyte
hyperplasia.310,311,317 Lesions secondary to silicosis are char-
acterized by areas of fibrosis with multiple granulomatous
lesions containing macrophages with intracytoplasmic,
eosinophilic, birefringent crystalline material.314

Lung function testing is useful to characterize the type and
severity of pulmonary disease. Interstitial pneumonia results in

decreased lung elasticity and as a result greater distending pres-
sure is required from inspiratory muscles in order to achieve any
volume change (restrictive lung disease). These changes may be
detected by measurement of lung mechanics during tidal
breathing. Typical changes are decreased dynamic lung compli-
ance (Cdyn), increased changes in transpulmonary pressure
(�Pplmax), and normal pulmonary resistance (RL; Fig. 29.22). In
contrast, horses with obstructive lung disease such as RAO
exhibit increased �Pplmax mainly because of increased RL.
Decreased lung elasticity also limits the maximum volume of air
that the horse can inhale (vital capacity) but does not affect the
ability to exhale rapidly. As a result forced vital capacity (FVC) is
reduced but the ratio forced expiratory volume in 1.5 second
(FEV1.5):FVC is normal or high (Fig. 29.23). Horses with RAO in
crisis have a mildly reduced FVC and a markedly decreased
FEV1.5:FVC ratio.

Laboratory examination

Hematologic findings include leukocytosis, neutrophilia, and
hyperfibrinogenemia.310,312 Occasionally, thrombocytopenia
and abnormal clotting times may be detected in severely affected
animals with bleeding diathesis (e.g. epistaxis, petechia, ecchy-
mosis).310 Common abnormalities detected on arterial blood gas
analyses include hypoxemia and hyper- or hypocapnia.312,318

Various bacteria (e.g. Streptococcus zooepidemicus, Rhodo-
coccus equi, Escherichia coli) may be isolated from respiratory
secretions collected by TW or BAL in foals. However, bacteria,
viruses, or fungi are usually not cultured from adult
horses.310,312 Cytological analyses often show inflammatory
changes characterized by increased number of non-degenera-
tive neutrophils and no visible pathogens. Accumulation of
intracellular crystalline materials in pulmonary alveolar
macrophages is commonly detected in horses with silicosis.314
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Fig. 29.21
Thoracic radiograph of 14-year-old Thoroughbred horse
diagnosed with interstitial pneumonia. Radiographic findings
indicate a marked, diffuse broncho-interstitial pattern in the
dorsocaudal lung fields.



Necropsy examination

Gross pathologic findings include diffusely enlarged and
abnormally heavy lungs that fail to collapse upon opening of
the thorax, variable amounts of pink foamy liquid in airways,
a mottled, lobulated appearance of the lungs, and in some cases,
interstitial emphysema.317,318 Main histologic findings in
chronic cases are interstitial fibrosis. Acute lesions include
severe, diffuse bronchiolitis, alveolar septal necrosis with
neutrophilic infiltration, interstitial edema, hyaline membrane

formation, and type II pneumocyte hyperplasia. Cases of silico-
sis are characterized by diffuse granulomatous pneumonia 
with areas of pulmonary fibrosis and granulomatous tracheo-
bronchial lymphadenitis.314,319 Granulomas are composed
mainly of macrophages containing refractile particles (≤ 1 �m).

Diagnostic confirmation

The diagnostic approach concerning horses with respiratory
distress has been discussed in detail in the RAO section (see
‘Diagnostic confirmation’; Fig. 29.8). The main test consists
in the administration of a fast-acting bronchodilator (e.g.
aerosolized albuterol) to rule out reversible obstructive pul-
monary diseases such as RAO and SPAOPD. Thoracic radiog-
raphy and transcutaneous biopsy are often necessary to
confirm a diagnosis of interstitial pneumonia.

Treatment and prognosis

Therapeutic aims

The main goals are to improve tissue oxygenation, decrease
pulmonary inflammation, treat underlying infections and
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Fig. 29.22
Lung mechanics during tidal breathing in horses with RAO
and one horse with interstitial pneumonia. (A) Maximum
transpulmonary, pressure changes. (B) Dynamic compliance.
(C) Pulmonary resistance.
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potential complications, and avoid additional stressors.313

The latter includes strict stall rest in a well-ventilated, cool
and dust-free environment.

Therapy

Treatment of tissue hypoxia includes oxygen supplementa-
tion through nasal or transtracheal insufflation and bron-
chodilator administration. In order to improve arterial blood
oxygen tension minimum oxygen flow rates of 5 L/min in
foals and 12 L/min in adults may be required and should be
adjusted based on clinical response or preferably repeated
arterial blood gas analysis. Long-acting inhaled bronchodila-
tors are indicated to help decrease the work of breathing (see
discussion in the RAO ‘Therapy’ section). Non-steroidal anti-
inflammatory drugs (e.g. flunixin meglumine) may be
beneficial. However, corticosteroids appear to be more effec-
tive at decreasing pulmonary inflammation and preventing
fibrosis, and their use is associated with positive
outcome.311,318 Both inhaled (Table 29.3) and systemic corti-
costeroids may be administered using similar dosages as for
RAO horses in crisis. Antimicrobial therapy is recommended
to treat primary or opportunistic infections. Broad-spectrum
treatment should be initiated while waiting for tracheal wash
cytology and culture results, and should last at least 3 to 6
weeks.313 Intravenous fluid therapy should be used with
caution because cases of severe interstitial pneumonia often
exhibit pulmonary hypertension and additional fluids may
lead to or aggravate pulmonary edema. Furosemide
(frusemide) therapy may be useful in such cases.320

Prognosis

Horses with interstitial pneumonia have a poor prognosis.
However, some cases have been successfully treated and able
to return to athletic activities. One study describes survival of
9 out of 23 cases of interstitial pneumonia in foals.310 Based
on review of the literature, survival rate in adult horses
appears to be less favorable.

Prevention

Avoidance of exposure to environmental or toxic causes of
interstitial pneumonia (e.g. silicosis, hypersensitivity pneu-
monitis, smoke inhalation, pneumotoxins) is recommended.
However, because the majority of cases of interstitial pneumo-
nia are of unknown etiology, preventive measures are limited to
general respiratory hygiene (e.g. low-dust environment, good
ventilation) and prophylaxis against respiratory pathogens.

Etiology and pathophysiology

Etiology

A potential cause is found in only a minority of interstitial
pneumonia cases. Infectious agents associated with intersti-

tial pneumonia include viruses (e.g. Morbillivirus), bacteria
(Streptococcus zooepidemicus, Rhodococcus equi, Escherichia
coli), parasites (Parascaris equorum, Dictyocaulus arnfieldi),
protozoa (Pneumocystis carinii), and fungi (Aspergillus spp.,
Cryptococcus spp., Histoplasma spp.).69,317,318,321 Pneumo-
toxins may be released after ingestion of certain plants such
as Perilla frutescens and Eupatorium adenophorum.322,323

Alternatively, inhalation of chemicals (e.g. smoke, silicon
dioxide crystals) or organic antigens (fungi, endotoxins) 
may directly injure the lungs and result in intersitial
pneumonia.314,324,325

Pathophysiology

Interstitial pneumonia may result from direct injury of the
alveolar epithelium (pneumocytes I and II), from inhaled
toxins or from hematogenous injury to pulmonary capil-
laries or alveolar basement membrane.326 Acute lung 
injury begins with an exudative phase resulting from dis-
ruption of the alveolar–capillary barrier. Exudate may 
form hyaline membranes that become partially attached 
to alveolar and airway walls. Inflammatory cells, in par-
ticular neutrophils, accumulate in the alveolar walls 
and may cause further tissue damage by the release of
proteases and reactive oxygen species.213,327 A proliferative
phase characterized by type II pneumocyte hyper-
plasia follows the exudative phase within a few days, result-
ing in thickened alveolar walls. If the horse survives the
initial pulmonary insult, the lesions may progress towards
alveolar fibrosis characteristic of the chronic phase of
interstitial pneumonia.

Epidemiology

Most of the reported cases are sporadic in occurrence.
However, multiple cases may occur when horses are exposed
to common environmental toxins such as pasture rich in
pneumotoxic plants or regions with a high level of crystalline
silicates. Cases of interstitial pneumonia have been described
in young foals to old horses of various breeds and sex.
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Rhodococcus equi, although the latter is only a significant
problem in foals.

The importance of respiratory disease among athletic
horses is generally well recognized in the equine industries. In
1997 the United States Department of Agriculture (USDA)
performed a survey to identify concerns that were of highest
priority to the horse industry in the USA.9 This needs 
assessment survey showed that problems in horses related 
to the respiratory system were the third most important
health problem reported by all survey respondents 
(n = 2599), respiratory disease was the top health concern
for respondents who used horses primarily for racing, and a
majority of respondents considered respiratory disease
agents, collectively (e.g. influenza virus, herpesvirus, etc.), to
be their highest concern among infectious diseases.9 A
survey of 1200 equine practitioners in the USA found that
veterinarians considered viral respiratory disease second only
to colic in importance among medical problems of horses.10

In addition to affecting the success of individual athletic per-
formances, outbreaks of acute infectious respiratory disease
can significantly disrupt entire athletic competitions. For
example, dramatic outbreaks have been seen when novel
strains of influenza virus are introduced into naïve popu-
lations (Fig. 30.1). The worldwide importance of viral IRD 
is further substantiated by the classification of equine
influenza, equine rhinopneumonitis (herpesvirus), and
equine arteritis as List B diseases for equids by the Office
Internationale des Epizooties (OIE) because they are consid-
ered to significantly affect international trade of animals and
animal products.

Why do equine athletes have an 
increased risk of viral infections?

First, equine athletes are typically young and often do not
have the fully developed immunity to infectious agents that is
acquired through repeated exposure to agents that com-
monly affect horses. Second, athletic horses are often congre-
gated in large groups at training and performance facilities
which increases the probability of introduction and exposure

Importance of viral 
respiratory infections in
athletic horses

Viral respiratory infections are one of the most common
health problems in horses throughout the world. These infec-
tions are self-limiting and associated disease is not life-
threatening, except in extreme cases. However, athletic
horses generally have an increased risk of becoming infected
and disease associated with these infections has greater con-
sequences for athletes because of their intended use.

How big is the problem?

Infectious respiratory disease (IRD) is one of the most
common reasons that athletic horses are removed from
scheduled training and performances.1–3 Interestingly, it has
been suggested that IRD is a more frequent cause of perform-
ance disability among human athletes than all other diseases
combined.4–7 Even mild respiratory disease can affect equine
athletes such that they are not able to attain peak perform-
ance. Most clinical occurrences of acute IRD in horses are
primarily if not solely attributable to viral respiratory infec-
tions.8 While bacteria and mycoplasma can be primary
pathogens, bacteria may be more important in exacerbating
clinical disease after a primary viral insult. Major exceptions
would be disease caused by Streptococcus equi subsp. equi and
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to novel contagious pathogens. Third, intensive management
of equine athletes at training facilities increases the probabil-
ity of exposure through management practices such as the
shared use of tack and other equipment, as well as through
increased exposure via respiratory aerosols and contam-
inated surfaces. Fourth, environmental conditions encoun-
tered by equine athletes may impair non-specific clearance
mechanisms through respiratory exposure to noxious chem-
icals (e.g. ammonia), dust, fungi, and molds. Drying and irri-
tation of mucous membranes caused by airflow across their
surfaces have been proposed as factors affecting non-specific
immunity in human athletes,11 and may also impact on the
health of equine athletes. In addition, race horses are known
to inhale significant quantities of small dirt particles when
racing on dirt surfaces. These respiratory irritants may exac-
erbate non-infectious respiratory problems such as recurrent
airway obstruction (heaves), which in turn are strongly
believed to be a predisposing factor in viral respiratory infec-
tions in humans.12,13 This is supported by the observation
that the amount of airborne particulate matter in stabling
environments significantly affected airway inflammation
during an outbreak of equine herpesvirus type 1 (EHV1)
infection.14,15 Infected horses stabled in barns with adequate
ventilation and lower air particulate counts had less lower
airway inflammation when compared with infected horses
stabled in less suitable environments.

The frequency of IRD among equine and human athletes
may also be related to important effects that exercise has been
shown to have on immune function. Physical stresses related
to athletic activity have been repeatedly shown to be associ-
ated with transient changes of in vitro and in vivo measures
of systemic and local immune function, including changes in
catecholamine and cortisol release, neuropeptide hormone
release, cytokine release and activity, secretion of mucosal

antibody, and the functional activity of blood and pulmonary
leukocytes.16–23 These documented changes provide a basis
for the ‘open window’ model proposed to describe cumulative
effects of exercise on the immune system in humans.16,24,25

According to this theoretical model, moderate exercise stimu-
lates immune function during the event and for a short time
after. In contrast, heavy exertion is related to an initial stimu-
lation followed by a longer-lasting (i.e. hours) depression in
cell-mediated immune function. It is proposed that during
this ‘open window’ of immune depression athletes have an
increased risk of becoming infected with a variety of
pathogens. Since elite athletes often train intensively on a
daily basis, the cumulative time that they are at increased risk
of infection may be significant.16,25,26 In an effort to summa-
rize the relationship between exercise and infectious disease,
it has been proposed that the apparent relationship between
intensity of exercise and its predisposing effect on the risk of
upper respiratory tract infections in humans fits a J-shaped
curve.16,25 This model suggests that the risk of IRD in athletes
is attenuated by moderate physical activity, but is exacerbated
by chronic, intensive athletic activity. While similar research
in horses is not as comprehensive, the limited work that is
available suggests that similar effects can be found in
horses.27–37

This relationship between exercise and immune function
is obviously not simple, and is probably modulated by several
other factors such as likelihood of exposure to novel
pathogens, lack of adequate rest, mental stress, transport,
inappropriate nutrition or weight loss, and concurrent infec-
tious or non-infectious disease. This is probably one of the
reasons that studies directly evaluating the relationship
between exercise and the occurrence of infectious disease in
humans have met with equivocal results, even though the
effects on various markers of immune function have been
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Fig. 30.1
Withdrawals from races
(scratches) among 600 horses
stabled at a racetrack during an
influenza epidemic in April 1963.
Similar epidemics were observed
throughout North America
following introduction of Influenza
A/equine/Miami/63 (H3N8). Note
the lower rate of scratches
observed after the epidemic
during May.Adapted from
Scholtens et al70 by permission of
Oxford University Press.



repeatedly and convincingly demonstrated.38 Unfortunately,
almost no information is available directly examining the
effects of athletic activity on the risk of IRD occurrences in
horses.

How common is infectious respiratory
disease in horses?

While IRD is very common among all horses there are few
comprehensive estimates of the frequency of disease. There
are two recent published estimates of IRD incidence in equine
athletes that were obtained through prospective monitoring
of race-horse populations.2,39 A study performed at a single
Canadian racetrack where investigators monitored disease
occurrence during two race seasons estimated that the inci-
dence of undifferentiated IRD was about 49 IRD cases per
1000 horse-months.39 A prospective study of a cohort of
Thoroughbred horses in Australia estimated the incidence of
reported coughing and nasal discharge (infectious or non-
infectious) to be approximately 1.8 cases per 1000 horse-
months.2 It is not clear if the difference in observers explains
some of the difference between these estimates (reported by
research investigators versus owner reported), or if the inten-
sive nature of horse stabling at North American racetracks
compared with more extensive management of race horses
elsewhere is partially responsible for differences between
these two estimates. The absence of influenza virus as a
disease agent in Australia could also have affected these esti-
mates. The largest population-based study estimating the fre-
quency of undifferentiated IRD occurrence among horses
was conducted by the USDA as part of the National Animal
Health Monitoring System (NAHMS) Equine ‘98 study.40

While the population for this study of owner-reported disease

specifically excluded horses stabled at racetracks, it did
include race horses that were stabled at other facilities.
However, it should be noted that these data include respira-
tory disease occurrences from horses of all ages, including
those < 1 year old. An estimated 1.5% (SE = 0.2) of horses
per quarter developed IRD during this study, and the rate of
reported IRD among race horses housed off-track was nearly
three times greater than the average for all horses (4.3% of
horses per quarter, SE = 1.9). The occurrence of IRD was
reported to vary by season, and disease incidence was great-
est in the spring (March through May, 2.6% of horses, SE =
0.6), and least common during the winter (December
through February, 0.8% of horses, SE = 0.2). In a smaller, but
similar longitudinal study, data regarding the occurrence 
of disease was collected from randomly selected horse 
operations in Michigan, and the estimated incidence of un-
differentiated respiratory disease was 33 cases per 1000
horse-years.41

Recognizing infectious 
respiratory disease

Clinical signs

Horses with IRD generally develop similar clinical signs
regardless of which primary or secondary agents are causing
clinical disease.8 Disease is most frequently typified by the
occurrence of mucopurulent nasal discharge and sometimes
coughing. In a 3-year study of respiratory disease at a
Canadian racetrack, regardless of etiology, 80–95% of
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affected horses developed mucopurulent nasal discharge,
while the occurrence of coughing was less common and
more variable (30–75% coughed depending upon the etiol-
ogy; Fig. 30.2).8 Increased serous nasal discharge may be
noted prior to becoming more mucoid. Paroxysmal coughing
in a majority of affected animals is suggestive of influenza
virus infection, but this is not always predominant during
influenza outbreaks, especially if clinical disease is mild. Fever
(rectal temperature > 38.5°C or 101.5°F) is less commonly
noted in affected animals (10–30%).8 Abscessation and dra-
matic enlargement of submandibular lymph nodes can
sometimes allow differentiation of animals infected with
Streptococcus equi subsp. equi, but not all infected animals
develop this pathognomonic sign.8 Many horses infected with
viral respiratory agents remain asymptomatic, especially if
they are older and are more immune. Others only show
vague signs such as lethargy, decreased appetite, and sub-
optimal performance. Evaluation of horses with mild signs
and suboptimal performance may reveal evidence of lower
respiratory tract infections (visible airway inflammation,
inflammatory cytology, recovery of bacterial agents such as
Streptococcus zooepidemicus subsp. zooepidemicus). It is not
clear if viral agents play a major role in less acute lower 
respiratory disease. However, seroconversion to equine 
herpesvirus was found to be associated with occurrences 
of less severe lower airway inflammatory disease, in addi-
tion to the isolation of S. equi subsp. zooepidemicus and 
S. pneumoniae.42

While most acute viral respiratory infections have been
thought to primarily or solely affect the upper respiratory
tract, recent investigations suggest that the lower respiratory
tract can also be significantly affected during acute viral res-
piratory infections.43 Ultrasound examinations showed that
horses either experimentally and naturally infected with
influenza virus can develop substantial areas of pulmonary
consolidation and peripheral (pleural and subpleural) irregu-
larities.43 However, it is not clear if these lesions are princi-
pally caused by viral damage, or if this is a result of
viral–bacterial co-infection. The bacterial flora of the upper

respiratory tract change dramatically after viral infections,
and this is principally characterized by proliferation of beta-
hemolytic streptococci (Fig. 30.3; PS Morley, KW Hinchcliff,
RD Slemons, DK Gross, unpublished data).44 However, it is
not clear whether this change is simply a result of viral
mucosal damage and solely coincidental with clinical disease,
or whether this change contributes significantly to clinical
disease in horses with IRD. Pneumonia is a well-recognized
sequela to severe viral respiratory infections in humans, and
has also been reported after introduction of novel influenza
viruses to naïve equine populations.28,45–48 However, this is
an infrequently recognized complication of most viral res-
piratory infections in horses. Interestingly, the significant
pulmonary consolidation that was seen after severe experi-
mental influenza virus infections resolved uneventfully
without any treatment, even in horses that continued to exer-
cise following challenge.43 There are few published results
from objective investigations of clinical parameters in horses
with viral IRD. Horses infected with influenza virus have been
shown to have increased resting respiratory rates and heart
rates that coincided with the occurrence of fever.43

Pulmonary auscultation of horses experimentally and natu-
rally infected with influenza virus showed that they often
develop abnormal lung sounds, which was most frequently
characterized as wheezing (DK Gross, PS Morley, KW Hinchcliff,
RD Slemons, unpublished data).43,49

Other systemic disease signs are sometimes reported in
association with viral respiratory infections. These signs are
perhaps most commonly recognized in association with
EHV1 infection; abortion and neurologic disease are well rec-
ognized in association with EHV1 infections. While essen-
tially all EHV1 infections are thought to originate in the
respiratory tract, signs of respiratory disease are not always
evident before abortion or the onset of neurologic disease.
Although equine arteritis virus is considered an infrequent
cause of respiratory disease, it has also been associated with
edema of the head, legs, prepuce and abdomen, and abortion.
Other systemic signs including myocarditis, rhabdomyolysis,
and purpura have been reported as possible sequelae of
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influenza virus infections. While it is sometimes assumed that
influenza virus is a direct cause of myocarditis in horses,
there is no published documentation of influenza virus infec-
tions affecting the cardiac tissues in horses. This is consistent
with the fact that influenza virus is strongly epitheliotropic
and that viremia is not a recognized feature of influenza virus
infections.50 Although myocarditis has been recognized in
humans in association with viral infections, this condition is
more likely to be identified in association with Parvo B19,
enteroviruses, adenoviruses, or cytomegalovirus, and is very
rarely found in association with influenza virus infections.51

It seems likely that myocardial damage or purpura found in
association with IRD would result from disseminated strepto-
coccal infection in horses rather than viral respiratory
infections.

Laboratory diagnosis

Viral IRD is often diagnosed solely upon clinical evaluation
and history. However, clinical signs associated with one virus
cannot be used to reliably distinguish IRD caused by other
pathogens. This is important because establishing an etio-
logic diagnosis can be very important for targeting disease
prevention efforts early in some disease outbreaks. Viral
agents have been clearly shown to vary in their clinical
importance as well as in their infectious and contagious
nature. However, efforts to control IRD in horses can be ham-
pered because it can be difficult to quickly establish an etio-
logic diagnosis for IRD.

Serology

Viral infection is most often confirmed in horses using serol-
ogy, which may be the most sensitive method available.
However, even when isolation and epidemiologic data point
to a single etiology for outbreaks of respiratory disease, sero-
logic investigations found that only 72% of horses with
disease thought to be caused by influenza virus infection
seroconverted to this virus during epidemics, and only 36% of
horses with disease thought to be caused by EHV4 serocon-
verted to herpesvirus.8,39 By far the most commonly recog-
nized viral agents associated with respiratory disease in
horses are influenza and EHV4. However, diagnostic labora-
tories do not routinely test for other types of viral infections.
In addition, regardless of the etiology, most serologic tests
require evaluation of multiple blood samples; the first must
be obtained soon after infection and then at least 2 or more
weeks later. It may not be logistically possible to obtain
samples at these times or it may not be practically relevant or
important to veterinarians or owners.

Virus isolation

Virus isolation is a very specific method for diagnosis of viral
infection, but culture techniques need a week or more for
completion and require specialized laboratory equipment and
skills. Early identification and sampling of affected horses is

critical for virus isolation as horses shed viruses for only a
short period after infection. Isolation techniques have also
been found to be quite insensitive as a diagnostic test during
several field investigations.8,39,52 Because it can take weeks to
obtain results, data from serology or virus isolation is often
not very useful for enacting measures to control respiratory
disease. As such, it would be useful to have simple tests avail-
able for rapid diagnoses of virus infections at the onset of epi-
demics so that control measures could be instituted.

Rapid diagnostic tests

In recent years rapid detection assays have been developed in
research laboratories for identification of several viral agents
(e.g. antigen capture ELISA, PCR), but most of these tests are
not widely available for use in disease prevention efforts.
Rapid antigen detection kits for influenza virus are, however,
commercially available throughout the world. While it would
be useful to have rapid tests available for other equine respi-
ratory pathogens, influenza virus probably causes a majority
of IRD cases among athletic horse populations (where it is
present in the world; Fig. 30.4), and it is one of the most con-
tagious pathogens, which increases the importance of early
intervention efforts. Most of these rapid influenza detection
assays are based upon using monoclonal or polyclonal anti-
bodies to detect highly conserved viral antigens. Most com-
mercial assays can be completed in about 15–30 minutes and
several have been shown to be useful for detection of
influenza virus in horses.53–56 Because they have been stan-
dardized and are sold in kits, they are more useful for a broad
variety of diagnostic applications than are isolation tech-
niques. Although these tests are rapid and extremely useful,
they have limitations. Optimal timing of sampling is impor-
tant for antigen detection assays just as it is for virus isola-
tion. Evaluation of nasal secretions collected from horses
naturally infected with influenza virus suggests that only
about one-third of clinically affected horses would be positive
using the Directigen assay (Becton Dickinson Microbiology
Systems, Cockeysville, Maryland), which has been the most
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widely used assay in horses.53 Other rapid influenza tests may
be more sensitive, but they may also be less specific, which
can be very important when these tests are used as part of
stringent disease control programs.55,56 It is important to
note that more sensitive influenza detection assays have been
shown to detect viral antigen in horses recently vaccinated
with modified-live intranasal products, as well as from non-
vaccinated horses that were in contact with vaccinated
horses.56 This may be particularly important to consider if
both vaccination and rapid detection assays are being used in
disease prevention efforts during outbreaks.

Despite intensive investigative efforts, veterinarians fre-
quently diagnose clinical IRD respiratory disease without
identifying a primary etiologic agent. Potential pathogens
were not identified from about 25% of IRD outbreaks investi-
gated in England over a 6-year period.57 Investigators in
Kentucky were unable to determine the etiology of 34%
(14/41) of IRD outbreaks investigated over a 5-year period.58

Among 168 respiratory disease occurrences investigated
during 1979, pathogens were identified for 44%.59

Investigators in Canada were not able to identify an etiology
for 14% (32/277) of IRD cases identified during a 2-year lon-
gitudinal study of respiratory disease among race horses 
(Fig. 30.4).60 The lack of etiologic diagnosis for some IRD
cases observed in these investigations is at least partially
attributable to concentrating diagnostic efforts on identifying
infection with agents that most frequently cause disease. It is
likely that more comprehensive diagnostic efforts would iden-
tify agents in affected animals that tend to cause either less
dramatic outbreaks or sporadic rather than epidemic disease
(e.g. equine herpesvirus type 2 or equine rhinitis virus).

Ancillary diagnostic procedures

Although rarely utilized in most horses with viral IRD, infor-
mation obtained from radiography, ultrasonography, and
endoscopy may be useful for evaluating the extent and nature
of guttural pouch and lower respiratory tract involvement.
However, there is little published literature regarding findings
of these ancillary diagnostics when applied in horses infected
with various viral respiratory agents. Horses have been
shown to develop marked consolidation after experimental
infection with influenza virus which resolved without treat-
ment or complication.43 Similar findings have also been
observed by these investigators in naturally infected horses.
Endoscopic examination of these experimentally infected
horses showed mild erythema and inflammation of the
pharynx and airways, with increased amounts of mucoid
respiratory secretions. Transtracheal wash fluid collected
from horses infected with influenza virus was found to have
increased cellularity and marked neutrophilia when com-
pared with pre-infection values.43 These changes were most
severe for a week after infection, but changes could be
detected for much longer. Intracellular bacteria were noted in
about 25% of horses for up to 14 days after infection.
Hemotology may also provide useful information about the
general condition of horses, and horses infected with

influenza virus were shown to have mild changes in white
blood cell (WBC) counts and fibrinogen. However, these
changes were not marked or useful in characterizing the
severity of pulmonary disease.43 Serum creatinine kinase
values were not markedly affected by influenza infections.
While these changes may have been useful in characterizing
the general health status of horses, they were non-specific
and generally did not help in establishing specific etiology.

Treatment and prognosis for
viral respiratory disease in
horses

Almost all viral respiratory infections are self-limiting and the
primary therapeutic aim is to provide supportive care. Care
should be taken to ensure that affected horses have access to
clean water and adequate quantities of palatable feed as
infected horses have been shown to lose weight and body con-
dition.43 Providing stabling in areas with minimal dust and
ammonia exposure tends to lessen airway irritation and
decrease the likelihood of secondary bronchitis and pharyn-
gitis which can limit athletic performance.

Rest

It is often recommended that athletic horses with typical IRD
be rested for an extended period after illness, sometimes for
several weeks. This is intended to reduce the risk of serious
complication such as pneumonia, pleuritis, and exercise-
limiting reactive airway disease. However, there are no pub-
lished reports documenting the efficacy of this practice. One
investigation specifically investigated whether moderate exer-
cise exacerbated clinical disease in horses experimentally
infected with influenza virus.43 This study found that all of
the horses developed pneumonia following infection and that
there was an exacerbated loss of body condition and mild dif-
ferences in resting heart and respiratory rates among exer-
cised horses. However, all of the horses fully recovered
without treatment according to parameters investigated,
regardless of whether they were rested. It should be noted,
however, that this study evaluated a small number of horses
and did not specifically evaluate performance parameters
that might be important for equine athletes.

Antibacterial and antiviral agents

Horses with uncomplicated viral respiratory infections 
will probably recover without drug therapy; use of anti-
inflammatory drugs and other non-specific treatments may
reduce fever and make affected animals more comfortable,
but it is not clear whether they alter the course of disease.
Severely affected horses may benefit from antimicrobial
therapy as the bacterial flora of the respiratory tract changes
dramatically during viral infections (Fig. 30.3; PS Morley, 
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KW Hinchcliff, RD Slemons, DK Gross, unpublished data).8

Bacteria can be recovered from the lower airways of horses
that exhibit signs of primary viral IRD,42,61,62 but it should 
be noted that there are no published studies evaluating 
the ability of antimicrobial (antibacterial) drugs to alter 
the course of IRD in horses with primary viral infections.
Even horses with documented pulmonary consolidation and
pneumonia secondary to experimental influenza infections
were shown to recover uneventfully without the use of
antimicrobial drugs.43 Most horses affected by viral IRD show
marked clinical improvement within a week of the onset of
disease. Ongoing respiratory disease may reflect complica-
tions related to more severe pulmonary involvement, and
these horses should be evaluated using ancillary diagnostics
including pulmonary ultrasound and cytology and culture of
transtracheal wash fluids.

Specific antiviral therapies for equine influenza virus and
equine herpesvirus have been evaluated in equine and mouse
models. However, none are licensed for this use in horses. In
addition, considering the self-limiting nature of viral IRD,
cost alone would preclude their use in most horses, regardless
of safety or efficacy. In addition, use of antiviral drugs in
humans is known to select for resistant strains. Amantadine
and rimantadine have been used in humans infected with
influenza virus, and both have demonstrated in vitro activity
against equine influenza virus.49,63 Oral administration of
rimantadine has been evaluated in a small number of horses
and administration of 30 mg/kg, by mouth, every 12 h for 
4 days was associated with amelioration of clinical signs.49

However, given the self-limiting nature of untreated
influenza virus infections in horses this therapy is of ques-
tionable value. Absorption of amantadine administered
orally is inconsistent and effective plasma concentrations
cannot be reliably attained.63 In addition, while intravenous
administration yielded more reproducible plasma concentra-
tions, horses have a relatively small therapeutic margin and
treatment can result in seizures.63 Use of this drug is there-
fore not recommended. There are a variety of reports regard-
ing evaluation of antiviral compounds against equine
herpesvirus in in vitro and mouse models, but only one pub-
lished report of use in horses.64 Respiratory disease associ-
ated with equine herpesviruses is generally mild and
self-limiting, but use of these drugs in horses with other clin-
ical disease syndromes (e.g. neurologic disease) or valuable
pregnant mares may be warranted. However, caution is
required as there are no reports documenting the efficacy and
safety of these drugs in naturally infected horses.

Prevention of viral 
respiratory disease in horses

The basic features of infectious disease control programs for
horse populations are similar, regardless of the type of
disease or the agent that is being targeted. Specific practices
employed need to be tailored to the population of horses, the

facilities involved, and the diseases of greatest concern.65,66

Consider the following basic requirements and features for
effective disease prevention programs:

● Understand the mode of transmission and important bio-
logical aspects for infectious diseases of interest.

● Identify management or host factors that facilitate trans-
mission (considering the previous item in this outline).

● Categorize animals according to risk of having or acquir-
ing the disease of interest or infecting others. Prioritize
prevention and control efforts according to those risk 
categories.
– Appropriate categorization may be accomplished based

upon known risk factors or history (e.g. age, history of
travel, vaccination status, etc.).

– This categorization may be facilitated by use of diagnos-
tic procedures when appropriate (e.g. serology to help
in characterizing immunity to an agent).

– Grouping horses according to these risk categories will
facilitate management and decrease the risk of trans-
mission to animals in other risk categories. However, it
is possible to manage individual horses appropriately
according to their disease risk category assuming that
adequate rigor is employed.

– Prepare contingency plans for changes in disease risk
when IRD is detected in the population, e.g. the need 
to move horses to facilitate management, or to 
restrict movement and access to control disease 
transmission.

● Monitor for evidence of disease in the population. As the
adage goes, ‘you cannot manage what is not measured.’
Viral respiratory agents can be extremely contagious, and
large portions of susceptible populations can be affected
when they are introduced. Early intervention can decrease
the impact of these outbreaks, but this requires active
monitoring of the population and swift action when
disease is detected. Employment of rapid diagnostic tests to
assist in identifying viral etiologic agents is useful in pro-
viding timely, measured responses that are appropriate for
the degree of contagiousness of the different agents and
the significance of associated disease.

● Employ prophylactic measures that have a reasonable
expectation of efficacy and are appropriate for the degree
of risk aversion and the budget of the facility (e.g. vac-
cination, hygiene practices such as hand washing, barrier
nursing precautions, foot baths, etc.).
– Ordering available prophylactic measures based upon

cost and degree of efficacy will assist in determining
which should be applied first, and which should only be
considered if the degree of risk aversion is high.

– These practices vary depending upon the risk category
of the animals.

– Decisions to employ prophylactic measures often must
be made far in advance of identifying IRD if they are to
be of maximal benefit. For example, appropriate
immunological priming is critical for vaccination to 
be of maximal benefit. This often requires a series of
vaccinations given over several weeks.
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– Avoid wasting time, money, and effort employing pro-
phylactic measures that do not have reasonable expec-
tation of efficacy. More treatments are not necessarily
better! Try to only use vaccines that have been 
adequately evaluated for efficacy. Employing non-
efficacious treatments also creates a false sense of
security for owners and managers, as well as increasing
the likelihood that they will be dissatisfied with previous
veterinary advice.

● Do not forget or underestimate the importance of optimiz-
ing the overall health and wellbeing of horses when
designing disease prevention programs. Minimize stress
when possible. Optimize nutrition, and provide clean, fresh
water ad libitum. Maximize cleanliness, hygiene, air
quality, and comfort in stabling environments. Avoid treat-
ments and management practices that unnecessarily
increase the risk of infection.

Preventing transmission

The most important aspect of preventing IRD is to minimize
the likelihood of adequate direct or indirect contact that
allows exposure to agents that is adequate to establish infec-
tion. As testament to this statement, it is possible to identify
large, isolated horse populations in the USA and Canada that
are naïve to influenza virus despite the fact that this agent is
frequently recognized and considered endemic in those coun-
tries. These populations have minimal protective immunity
and are highly susceptible to disease, which is a major reason
that they are frequently used for experimental research on
IRD.43,67,68 These populations remain disease free because of
their closed nature and the minimal likelihood of exposure to
influenza virus. Given the ubiquitous nature of some IRD
agents (e.g. EHV1 and EHV4), it is harder to prevent all expo-
sure, but frequent high-risk contact increases the risk of
introducing highly contagious and highly pathogenic strains.
Studies of IRD in race horses have shown that horses with
higher concentrations of serum antibody to influenza virus
have decreased risk of disease during EHV4 epidemics, and
horses with higher EVH4 concentrations have lower risk of
disease during influenza epidemics.8 This suggests that horses
with increased risk of exposure to one respiratory virus are
likely to have an increased risk of exposure to all respiratory
viruses. This emphasizes the importance of non-specific
control measures such as stringent biosecurity measures.

Indirect transmission

Direct contact among horses is obviously important for trans-
mission of infectious respiratory agents, but the importance
of indirect contact must not be overlooked. Viral IRD agents
vary in their contagiousness via respiratory aerosols, and this
mode of transmission seems most important in propagation
of influenza epidemics. In addition, indirect transmission via
contaminated surfaces and fomites can play a critical role in
introduction of respiratory agents.69–71 In many instances
outbreaks in susceptible populations occur as a result of

indirect transmission, and epidemics can certainly be exacer-
bated by this route. During a longitudinal study of respira-
tory disease it was noted that grooms would often wipe the
face and body of affected horses with a rag, and then repeat
the same procedure on unaffected horses using the same
grooming tool.39 Tattooing of young horses using the same
instrument was thought to be associated with spread of infec-
tion in another outbreak.39 Contaminated trailers, tack,
waterers, and even clothing of handlers have also been impli-
cated in introduction of respiratory agents.

Barrier nursing precautions and 
personal hygiene

An important concept related to care of patients with conta-
gious diseases is the use of barrier nursing precautions.
Barrier nursing precautions (e.g. gloves and water impervi-
ous gowns) can be used whenever working with high-risk
patients to prevent strike-through and to minimize the poten-
tial for cross-contamination between patients. Barrier gowns
are assigned for use with specific animals so that clothing
most likely to be contaminated essentially stays with the
patient. Disposable gloves, and separate coveralls or inexpen-
sive disposable plastic barrier gowns (PolyWear gowns,
#GEB-4250; PolyConversions Inc., Rantoul, IL 61866) could
be assigned for use with specific animals. Rubber boots and
disinfectant footbaths can also be used to reduce the risk of
footwear serving to traffic infectious agents between stalls. In
addition, limiting the number of people contacting high-risk
patients and assigning specific people to care for animals 
in different risk categories will also reduce the risk of
transmission.

Personal hygiene and cleanliness is indisputably an
important cornerstone of infection control. All personnel
contacting animals should be required to wear clean, appro-
priate attire at all times. Contaminated hands are perhaps the
most frequent route of indirect nosocomial transmission in
all species.72 Frequent hand washing should be required par-
ticularly before and after handling affected animals. Alcohol-
based hand sanitizing gels are available for use when it is not
possible to wash hands. These hand sanitizing gels have been
shown to be equal in efficacy to full surgical scrub when prop-
erly applied, but gros contamination must be removed by
hand washing. I often illustrate the common-sense impor-
tance of hand hygiene as a disease control measure with stu-
dents by asking them to look closely at their hands and to
consider whether they would appreciate a physician with
similar cleanliness performing an examination or an invasive
procedure on them.

Cleaning and disinfection

Effective cleaning and disinfection are critical for breaking
transmission cycles for viral agents in horse populations.
Stalls should be cleaned and thoroughly disinfected between
all horses, especially when they have been used to house
high-risk animals. Particular attention should be paid to
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disinfecting feeders, waterers, and surfaces frequently con-
tacted by hands. Cleaning tools should not be used for
animals in different risk categories unless they have been
appropriately cleaned and disinfected. Bedding and feces
should be removed from stalls between horses to facilitate
more thorough cleaning. Dumpsters, wheelbarrows, and
cleaning tools should be visibly marked for easy identifi-
cation, and different sets should be assigned for use with a
specific risk group. Several reviews are available regarding
disinfection recommendations for livestock facilities.73–75

Applying copious amounts of disinfectant to dirty surfaces is
not effective for decontamination. Disinfectants are quickly
inactivated in the presence of even small amounts of dirt and
organic debris and can only be truly relied upon when applied
to clean surfaces. Physical disruption is generally required to
adequately remove gross contamination and surface films to
ensure adequate disinfection. High pressure washing can be
an efficient method for cleaning large areas but it is also pos-
sible to further disseminate surface contaminants as they
may be aerosolized in the cleaning process. Some disinfec-
tants such as phenolics are more effective in the presence of
organic material, but they are also more likely to cause irrita-
tion with skin contact in horses or personnel. Bleach,
chlorhexidine, and quaternary ammonium-based products
are less irritating, but are easily inactivated. Recently,
aerosolizing of a peroxygen compound (cold fogging) has
been described as a means of inactivating airborne viruses as
opposed to relying upon surface disinfection.76 Cold fogging
can also be used for dispersal of disinfectants in large build-
ings. However, this should only be performed with appropri-
ate personal protection equipment for personnel and also
should only be used with products that are less irritating and
toxic for humans and animals.

Housing and facility design

Design of animal facilities is a critical consideration for
optimal performance of disease prevention programs. Stalls
and buildings should be constructed to minimize the poten-
tial for direct and indirect contact between horses. In addi-
tion, it is extremely useful to have areas that can be separated
to quarantine newly introduced animals, as well as provide
separation between horses in different risk categories. Care
should be given to ensure that animals can receive adequate
care in these different areas, preferably without trafficking
animals or equipment through the environment of horses in
different risk categories. At a minimum consideration should
be given to separating high-risk animals from other animals
with an empty stall. Cleanable surfaces should be maintained
throughout practice environments wherever possible.
Concrete floors are preferable to dirt, particularly for housing
animals shedding contagious pathogens, as it is impossible to
disinfect the latter completely. Rubber stall mats are usually
quite porous, and it is very difficult to maintain effective seals
at edges. This has been shown to be important in outbreaks
documented in several veterinary teaching hospitals. Sealing
or painting exposed wood and other porous surfaces greatly
improves cleanability. However, it is important to consider

quality of products and maintenance of painted surfaces
when selecting sealants, as chipped and peeling paint provide
a niche for bacterial contamination that is difficult to clean.
Attention must also be paid to controlling wildlife (e.g. mice
and birds) and insect vectors, although these are usually not
considered important as a means of transmitting viral respi-
ratory disease among horses.

Management of disease control efforts

Perhaps one of the greatest obstacles to implementing a com-
prehensive infection control program for all horses at large
facilities is obtaining cooperation from all of the owners,
managers, and veterinarians. In many training or perform-
ance facilities, athletic horses are congregated in large groups
with different people responsible for care of each different
group. Generally, producers only want to pay for care of their
own animals and thus procedures and costs for a compre-
hensive control program would need to be agreed upon and
shared. Even if most owners and managers wish to employ
such a program, like a chain with a single weak link, it only
takes one hold-out employing less optimal biosecurity prac-
tices to allow introduction of a highly contagious agent, thus
placing all horses at the facility at risk. In these situations it is
useful to develop a cooperative agreement among all users of
a facility, and empower a single individual to direct or oversee
disease control efforts. This person could also oversee surveil-
lance efforts so that there is uniform rigor in detection and
management of sick horses. This would also facilitate prompt
intervention which may help decrease the severity of out-
breaks when they occur. This proactive approach has been
very useful for control of infectious diseases of all types
among horses hospitalized at Colorado State University.

Vaccination

Vaccines can play an important role in decreasing suscepti-
bility to infectious agents, but their use should not supersede
other control efforts. The efficacy of specific influenza vac-
cines has been well demonstrated,27,67,77,78 but other vac-
cines have limited efficacy79,80 or published information from
properly designed efficacy studies is not available. Data regard-
ing protection provided by herpesvirus vaccines are even
more equivocal.8,80–82 Equine arteritis virus is the only other
respiratory virus for which there are commercial vaccines,
but their use can be restricted because of importation restric-
tions on seropositive stallions. Development of efficacious
vaccines for respiratory viruses is complicated by the appar-
ent short duration of immunity that follows even natural
exposure, and the genetic variability and rapid genetic muta-
tion in some viruses. While most manufacturers recommend
annual boosters on vaccine labels, many equine experts 
recommend vaccination at much shorter intervals (e.g. every
3 months or less).47 A vaccine that must be boosted every 
3 months or more frequently is obviously performing sub-
optimally; managers and veterinarians should view this as
strong evidence of the imperfect protection provided by some
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commercial vaccines. One of the challenges that manufac-
turers of equine vaccines have faced is the strong aversion
among owners and managers for any overtly detectable local
or systemic response to vaccination. The primary concern
should be whether vaccines can be used safely to evoke a pro-
tective immune response, i.e., the risk of acceptable local or
systemic reaction is worth the benefit of protective immunity.
Unfortunately, many managers would prefer to pay for and
employ ineffective vaccines at frequent intervals rather than
have any observable response to vaccination. Veterinarians
have been known to be fired when vaccinations have resulted
in local swelling at injection sites. This would seem to be an
extremely short-sighted and inadvisable approach to selec-
tion of vaccines. Consider that vaccines are commonly used
for children when they are known to cause local (swelling,
pain, induration) as well as systemic responses (fever,
malaise, inappetence) as long as use provides the benefit of
protective immunity.

Etiology of viral respiratory
disease in horses

The most important viral agents associated with respiratory
disease in athletic horses are influenza virus, EHV4, EHV1,
and equine arteritis virus (EAV). Influenza virus and EHV4
are the viral agents most commonly identified in association
with respiratory disease (Fig. 30.4). Herpesvirus type 1 is
important because of its ubiquitous nature as well as the
significance of non-respiratory clinical disease that is less
commonly seen in association with infection (neurologic
disease and abortion). Disease associated with EAV is much
less common than infection, and this agent is more important
because of associated reproductive losses. Other viral agents
have been isolated from horses with IRD including equine
adenovirus, equine rhinitis virus, and others. While infection
with these agents may be associated with the occurrence of
clinical disease, particularly sporadic cases, there is very little
controlled evidence documenting the significance of these
agents in relation to other more common agents.

Influenza virus

Characteristics

Influenza virus is a pleomorphic orthomyxovirus with a seg-
mented double-stranded RNA genome. The segmented RNA
genome predisposes this virus to genetic reassortment and
mutation, which promotes rapid viral evolution. There are
three types of influenza virus (types A, B, and C) that are dif-
ferentiated by their highly conserved internal proteins
(matrix protein and nucleoprotein); horses are only infected
by some type A influenza viruses. The more variable surface
glycoproteins, hemaglutinin and neuraminidase, contain the
major antigenic determinants and are used to characterize
subtypes of influenza virus (e.g. H3N8). RNA viruses are

more prone to genetic variation, which probably influences
important variability identified in antigenically dominant
surface epitopes. Three distinct subtypes of influenza virus
have been isolated from horses since 1956. These are repre-
sented by the following prototype strains: influenza
A/equine/Prague/56 (H7N7), which is sometimes referred to
as A1 equine influenza, influenza A/equine/Miami/63
(H3N8), which is sometimes referred to as A2 equine
influenza, and influenza A/equine/Jilin/89 (H3N8). Only
strains that evolved from the Miami/63 isolate are currently
circulating in horse populations, but this virus has evolved
into two genetically and antigenically distinguishable
strains:83–85 a so-called ‘Eurasian’ lineage, and an ‘American’
lineage. The ‘American’ lineage viruses can be further differ-
entiated into three evolutionary strains.84 Contrary to geo-
specific strain names, ‘American’ lineage viruses are
commonly isolated from horses in Europe and Asia, and a
‘Eurasian’ lineage virus was isolated from horses in Canada
in 1991.84 Tracking antigenic variation among strains of
influenza virus is important because natural exposure and
vaccination tend to promote strain-specific immunity. For
example, while serum antibody concentrations tend to corre-
late well with immunity, antibody concentrations have been
shown to be more strongly correlated with protection when
animals were challenged with influenza virus from a homol-
ogous lineage than when they were challenged with virus
from a heterologous lineage.86

Although some investigators have hypothesized that
strains of H7N7 influenza may still circulate and that it is
important to continue inclusion in vaccines, this strain of
virus appears to no longer circulate as the last two reported
isolations of this virus subtype occurred in Malaysia in
197787 and in India in 1987.88 In 1989 a novel strain of
H3N8 influenza virus emerged in horses in China and was
thought to have been directly transmitted from birds,28,89 but
this strain also appears not to have been sustained in equine
populations.90

Distribution

Equine influenza virus affects horses throughout the world,
with only a few exceptions. Some member countries report to
the OIE that they are free from disease,48 but the rigor of
scientific evidence to support this status varies considerably.
Rigorous investigations in countries such as Australia and
New Zealand have never found evidence of infection in resi-
dent horses, and there are some countries such as Singapore
and Japan that have previously had infected horses but have
apparently eliminated the virus through rigorous control
efforts.48

Transmission and pathogenesis

Influenza virus is spread via aerosols, as well as by direct and
indirect contact with infected horses and contaminated sur-
faces. As an enveloped virus, influenza virus is not particu-
larly hardy in the environment, but epidemics have been
known to result from contact with people and fomites that
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have been moved from one operation to another. The incuba-
tion period is 24 to 48 hours, and clinical disease is highly
variable. Virus can only be recovered from horses for about
10 days after infection at most, but viral antigen has been
recovered from respiratory secretions only for as long as 
21 days post-infection.91 Influenza virus infects epithelial
cells throughout the respiratory tract. Cell death and damage
to mucociliary apparatus results in airway irritation and
accumulation of cellular debris and respiratory secretions.
Disease may be enhanced by proliferation of respiratory bac-
teria and secondary bacterial infections of respiratory tissues
(Fig. 30.3). Disease is self-limiting in most cases.

Epidemiology and risk factors

Influenza virus is capable of being spread throughout large
geographic areas and even continents when novel viruses are
introduced to naïve horse populations.70,71,88,89,92 For
example, a study of sanctioned Thoroughbred and Standard-
bred race meetings in the USA after introduction of a novel
virus in 1963 found that the outbreaks had been detected in
78% of respondent racetracks (49/63), and the virus spread
throughout the USA and Canada during a 6-month period
(Fig. 30.5).70 This spread of disease highlights the impor-
tance of disease control in athletic horses which tend to be
the most mobile sector of equine populations in most coun-
tries. Introduction of horses that travel from one horse popu-
lation to another has been repeatedly shown to be the major
inciting incident for influenza epidemics. As horses do not
become persistently infected with influenza virus, animals
with acute infections are critical for the introduction of virus
into susceptible populations. Unfortunately horses can be
infected and shed influenza virus while remaining asympto-
matic, or at least only mildly affected. Considering this, some

disease control programs have employed the use of rapid
antigen detection tests as a screening tool for newly intro-
duced horses.93 Assuming that the prevalence of infection
among these horses would generally be very low, the negative
predictive value for this test would be quite high, and regula-
tory officials could be quite certain that test-negative animals
were truly uninfected. However, the positive predictive value
would be unavoidably very low, and positive tests would fre-
quently be false-positive in these testing conditions.56

However, this testing is fairly innocuous and very rapid, and
the consequences of introducing influenza virus can be very
significant. Some inaccuracy in testing is unavoidable and as
such, this low positive predictive value may be acceptable if
the managers are highly risk averse.

Just as frequent contact between populations increases the
risk of introduction, frequent direct and indirect contact
among horses within a population increases the risk of infec-
tion during influenza outbreaks. Care must be taken to
reduce inadvertent contact, and to consider all horses in a
population as being significant in the control of disease.
Longitudinal studies in Canada showed exercise ponies had
much greater risk of disease during influenza epidemics,
which was probably attributable to their frequent contact
with other horses.94 In addition, there was less concern about
their health than there was for race horses, which ironically
increased the risk for all horses in the population.

Factors related to specific immunity against influenza
virus are also very important in determining a horse’s risk of
disease. Several studies have repeatedly shown that serum
antibody concentrations strongly correlate with the risk of
disease, and even small increases can be associated with a
dramatic decrease in disease risk. For example, horses with
high antibody concentrations were shown during a series of
influenza epidemics to have 2–6 times lower odds of disease
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Fig. 30.5
Spread of Influenza
A/equine/Miami/63 (H3N8)
at racetracks in the 
6-month period following
introduction in 1963. Dots
indicate racetracks with
influenza outbreaks, arrows
represent movement of
horses thought to be
associated with
transmission. Reproduced
from Scholtens et al70 by
permission of Oxford
University Press.



compared with those with low antibody concentrations, and
about 10–40 times lower odds of disease compared with
those that were seronegative.94 In a recent nation-wide cross-
sectional study conducted by the USDA, only about one-third
of all horses tested had high antibody concentrations to
influenza virus; about one-third were seronegative and one-
third had low antibody concentrations. Age is also associated
with the risk of influenza infection, which probably is a sur-
rogate marker of the probability of previous exposure to
disease agents. This is supported by studies documenting a
relationship between age and increasing antibody concentra-
tions.40 This age-associated disease risk is particularly impor-
tant for athletic horses given the predominance of young
horses in these populations.

The strength and repeatability of the association between
age and measures of previous exposure demonstrate their
importance as predictors of disease risk. As such, these
factors can be used as important factors in categorizing
horses for future disease risk, and help in targeting control
measures on horses in the highest risk categories. Serum
antibody concentrations could be measured as horses enter
populations and more rigorous biosecurity precautions could
be employed with those horses having low antibody concen-
trations. This information could also be used to specifically
target vaccination protocols. Information collected from lon-
gitudinal studies in Canada suggested that 25% of the IRD
associated with influenza virus would have been prevented
during epidemics if all horses had high serum antibody con-
centrations prior to exposure.94 While efficacious killed virus
vaccines administered intramuscularly invoke protection by
stimulating humoral immunity, it is important to note that a
new modified-live intranasal vaccine has been shown to be
efficacious without stimulating increases in serum antibody
concentrations.67 If vaccines are to be used in prevention
efforts, it is critical to use only products with reasonable
expectation of efficacy.67,77,78 as several equine influenza vac-
cines that are available commercially have been shown to
perform suboptimally.79,80

Equine herpesvirus

Characteristics

Herpesviruses are subdivided into three subfamilies based
upon genetic structure: alpha, beta, and gamma. There are
five herpesviruses known to infect horses, four of which have
been shown to infect tissues of the respiratory tract.95 EHV4
is an alphaherpesvirus that is thought to be a frequent cause
of respiratory disease in horses. EHV1 is also an alphaher-
pesvirus, and while infections typically originate in the respi-
ratory tract, it is more commonly associated with other
severe systemic illness (neurologic disease and abortion) and
less commonly with respiratory disease. EHV2 and EHV5 are
slow-growing gammaherpesviruses that have been recovered
from numerous tissues of healthy and clinically diseased
horses. Their role and importance in the occurrence of clini-
cal IRD have not been fully elucidated. All of these viruses are
known to cause latent infections, that is, infection results in

the viral genome being retained in host cells for long periods
without transcription or translation. In practical terms, this
essentially means that horses are infected for life, and that
viral infections can recrudesce repeatedly throughout an
animal’s life. This recrudescence can result in clinical disease
or be inapparent. Recent investigations suggest that essen-
tially all foals are infected with EHV1, EHV2, EHV4, and
EHV5 at very young ages.96,97 Viruses that are homologous to
EHV1, EHV2, and EHV3 have been isolated from donkeys and
have been designated asinine herpesviruses (AHV3, AHV2,
and AHV1, respectively). Herpesviruses are enveloped and
are relatively sensitive to a variety of disinfectants and envi-
ronmental conditions.

EHV4 and EHV1 were once considered the same virus
(EHV1) and older descriptions of associated disease can
therefore confuse readers who are not aware of the timing of
this differentiation. Classically described herpesvirus rhino-
pneumonitis is now believed to be most commonly associated
with EHV4 infections. There is extensive genetic and struc-
tural homology between these viruses especially for antigeni-
cally dominant surface glycoproteins.95 This gives rise to
apparent cross-reactivity in immunity, especially in horses
that have been exposed to both viruses on multiple occasions.
As such, serology is often performed against one virus or the
other, and the results are assumed to reflect antibody that will
react with both viruses. This cross-reactivity is also of inter-
est relative to vaccination.

EHV2 and EHV5 were also considered the same virus until
recently. The association between infections with these
viruses and the occurrence of clinical IRD is less well estab-
lished. EVH2 and EHV5 have been recovered from horses
with non-specific signs of IRD, but they are also commonly
recovered from unaffected horses. In more objective studies,
virus was more likely to be recovered from foals and horses
with clinical respiratory disease than from asymptomatic
animals.98–100 As methods designed to emphasize recovery of
EHV2 and EHV5 have not been included in recent large-scale
epidemiologic studies, it seems likely that they cause some
disease currently classified as having an unknown etiology
(Fig. 30.4). EHV2 and EHV5 genetically resemble Epstein–
Barr virus of humans, which is also a gammaherpesvirus.60

There appears to be significant variability among EHV5
isolates,101 which may affect the likelihood that horses can be
reinfected, as well as the ability to diagnose and investigate
EHV5 using serology or polymerase chain reaction (PCR).
These viruses appear to be as ubiquitous as EHV1 and EHV4,
and limited studies suggest that foals are infected early in
life.97

Distribution

EHV1 and EHV4 have been studied extensively and all avail-
able data suggest that the viruses are ubiquitous in all horse
populations throughout the world. Information about the
distribution of disease as recorded on the OIE website sug-
gests that IRD associated with herpesvirus is not present
among horses in some countries. However, despite the
importance of these viruses and the OIE List B status of
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equine rhinopneumonitis, this is undoubtedly an example of
regulatory under-reporting and lack of investigative rigor.
Although not extensively studied, EHV2 and EHV5 infections
have been identified in horses is North America, Europe,
Australia, and New Zealand, suggesting that these viruses
have worldwide distribution.

Transmission and pathogenesis

It is believed that all EHV1 and EHV4 infections originate in
the respiratory tract, and result in the virus genome being
inserted as an episome in host cell nuclei. New infections and
recrudescence both result in lymphocyte associated viremia,
which allows virus to spread to tissues at distant sites.
Viremia is more commonly detected with EHV1. EHV1 and
EHV4 are believed to become latent in lymph nodes associ-
ated with the respiratory tract, and although not considered
neurotropic, viral genome has also been identified in trigemi-
nal ganglia. Strains vary in their tendency to cause disease,
and specific strains of EHV1 are more likely to cause neuro-
logic disease or abortion. Abortion is thought to result from
both placental and neonatal infections. Unlike neurologic
disease associated with herpesvirus in cattle, humans and
pigs, herpesvirus myeloencephalitis in horses is not believed
to be commonly associated with direct infection of neurologic
tissues.95 Diffuse vasculitis is a prominent feature of EHV1
infections, which may be the inciting factor of neurologic dis-
eases it has also been proposed to be caused by deposition of
virus–antibody complexes that create an inflammatory
response in neurologic tissues.95 Little is known about trans-
mission and pathogenesis associated with EHV2 and EHV5.
Viral infections can be detected in essentially all foals,97 and
virus has been isolated from peripheral blood leukocytes, sug-
gesting that viremia and latency are similar to those of EHV1
and EHV4.

Epidemiology and risk factors

Repeated EHV1 and EHV4 infections are common among
horses of all ages, which is also probably true for EHV2 and
EHV5. Respiratory disease associated with EHV4 has also
been documented to occur repeatedly in young horses.
Compared with influenza virus, EHV4 is a much more
common cause of IRD in horses < 1 year, and a less common
cause of large IRD outbreaks among horses > 2 years old.
Younger race horses have been shown to have an increased
risk of IRD during outbreaks associated with EHV4. The fre-
quency of disease associated with EHV2 and EHV5 has not
been well described, but these agents may also be associated
with sporadic disease or small outbreaks. Recrudescence is
always a potential source of virus given the ubiquitous
nature of equine herpesviruses, and this may be a common
cause of sporadic IRD. However, epidemiologic data also sug-
gests that novel disease-causing strains of EHV1 and EHV4
can be introduced into populations resulting in outbreaks of
respiratory disease, neurologic disease, or abortion, suggest-
ing that horizontal transmission is an important source of
EHV1 and EHV4 during epidemics. These viruses can be

transmitted by aerosols, but epidemiologic data regarding
patterns of disease during outbreaks suggests that direct
transmission, and indirect transmission via fomites and con-
taminated surfaces are more important methods of transmit-
ting virus during outbreaks. Horses that frequently come into
contact with other horses have been shown to have increased
risk of IRD associated with EHV4.8

Because of the cell-associated nature of herpesvirus infec-
tions, it has been suggested that cell-mediated immunity is far
more important than humoral immunity in protecting
horses from disease. As such, the use of killed-virus vaccines
and the relationship between serum antibody and protective
immunity has been questioned. Cell-mediated immunity is
undoubtedly important for protecting horses. However, field
investigations have shown that higher serum antibody titers
are associated with decreased IRD risk in association with
EHV4 infections.8,52 It is not clear if humoral immunity was
protective or whether it was simply a marker of horses with
stronger cell-mediated immunity against these agents. It was
also shown that horses with high influenza virus antibody
titers had lower risk of disease during an EHV4 outbreak,
supporting the idea that antibody titers may to some degree
be simple markers of previous exposure, and not entirely
direct indicators of immunity.

Equine arteritis virus

Characteristics

Equine arteritis virus (EAV) is the prototype virus of the
recently established genus Arterivirus. It is an enveloped RNA
virus and is therefore relatively sensitive to drying and
common disinfectants. While some variability has been
demonstrated in the viral genome, there is only one recog-
nized serotype. EAV has a limited host range and is only
known to infect equids. Infections are far more common than
is the occurrence of respiratory disease and EAV is primarily
a concern because of associated reproductive disease. EAV is
particularly problematic to the equine industries because of
its ability to establish a carrier state in intact stallions. These
carrier animals are important for introducing and maintain-
ing the virus in equine populations, as well as because of
their impact on trade of horses and semen. Infection is appar-
ently more common among some breeds, especially Stan-
dardbred horses, but this is probably attributable to a higher
number of carrier stallions rather than a true difference in
susceptibility.

Distribution

EAV is thought to have a worldwide distribution, even though
outbreaks are reported only occasionally. However, despite
having OIE List B status, many countries report that they
have never recognized this agent or disease.48 Again, this is
probably attributable to under-reporting and lack of inves-
tigative rigor. There has been an apparent decrease in the
number of reported outbreaks, which may be attributable 
to increased availability of diagnostic testing as well as
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increased awareness throughout the world regarding disease
impact and effective disease control measures. Recent broad-
based investigation of EAV infection in the USA found that
about 2% of unvaccinated horses were seropositive, and
another investigation based on selective sampling in the 
UK found that 2% or less of unvaccinated horses were 
seropositive.102,103

Transmission and pathogenesis

EAV is shed via the respiratory tract by acutely infected
horses, in the semen of carrier stallions, as well as in
amniotic fluid, placenta, and fetuses of aborted mares. Less
important sources of virus include blood, feces, and urine of
acutely infected animals. Infections in carrier stallions are in-
apparent even though virus is shed in their semen for their
entire life, or until they are castrated. EAV infections do not
apparently affect fertility of stallions. Asymptomatic infec-
tions are common, and stallions may become long-term car-
riers of the virus even without showing signs of disease. The
incubation period in clinically affected animals is about 3 to 7
days. Clinical disease can be indistinguishable from that
caused by other IRD agents, but affected horses may also
develop swelling and edema that is most commonly noted in
the legs, scrotum, sheath, or udder, as well as abortion in
pregnant mares. Modified live and killed virus vaccines are
commercially available. Control recommendations for EAV
from the American Horse Council include the use of modified
live vaccines,104 and the killed virus vaccine is used in 
Great Britain and Ireland.105 It should be noted that vac-
cination decreases the risk of disease, but does not prevent
infection.105

Epidemiology and risk factors

Perhaps the most dominant factor affecting spread and main-
tenance of EAV in populations is the presence of persistently
infected stallions that shed virus in semen. Further, while
outbreaks of clinical disease are sometimes reported, most
infections result in very mild or no clinical signs. This allows
opportunity for further spread of virus without the presence
of identifiable disease that might trigger enactment of more
rigorous control strategies. Seroprevalence has been repeat-
edly shown to vary among breeds, and is highest among
Standardbred horses, which may be attributable to the
number of persistently infected stallions. In a broad-based
cross-sectional study performed by the USDA, the sero-
prevalence among adult non-vaccinated Standardbreds was
about 24%, compared with 4.5% among Thoroughbreds,
3.6% among Warmbloods, and about 1% among other
horses.102 Horses from operations used primarily for breeding
or for boarding and training were more likely to be seroposi-
tive than horses from other operations.102 Various countries
have enacted control strategies centered on identifying per-
sistently infected stallions, reducing the likelihood of expo-
sure to acutely infected horses, and use of vaccines to
decrease the risk of disease and decrease the risk of stallions
becoming persistently infected.

Other respiratory viruses

Several other viruses have been recovered from the respira-
tory tract of horses showing signs of IRD, as well as from clin-
ically normal horses. The role that these viruses play in the
occurrence of respiratory disease in horses is not clear. While
it is interesting that these viruses can be recovered from
horses with clinical IRD, these data would be more convinc-
ing if evidence of infection was found more commonly in
disease cases compared with non-cases in the same popula-
tions. A brief description of two of these agents follows.

Equine rhinitis virus

Horses are commonly infected with equine rhinitis-A virus
and equine rhinitis-B virus (formerly classified as equine rhi-
novirus types 1 and 2, respectively). Seroprevalence has been
shown to approach 100% in young and adult horses. Limited
experimental challenge studies indicate that this agent can
cause IRD under some conditions. Horses commonly shed
virus in nasal secretions and in urine. Studies evaluating the
distribution of this agent have not been performed in many
countries, but infections have been documented in North
America, Australia, New Zealand, UK, and Europe, suggest-
ing a worldwide distribution.

Equine adenovirus

Equine adenovirus type 1 has been isolated from horses
throughout the world, and seroprevalence can approach
100% in mature horses. In most horses infection is not
believed to cause clinical disease, or it is very mild. However,
adenovirus infections cause significant disease in Arabian
foals with primary, severe combined immunodeficiency
disease (PSCID). A limited study of experimental challenge in
two immunocompetent foals showed that infection can result
in pathologic changes under certain conditions.
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Although the disease occurs commonly in non-athletic
horses it occurs at least sporadically among groups of high-
value equine athletes. At least in the early stages of outbreaks
of strangles, pathognomonic clinical signs of lymphadenopa-
thy may not be present and unless specific diagnostic tests are
conducted, non-specific signs of respiratory disease (includ-
ing nasal discharge, coughing and pyrexia) may inadver-
tently be attributed to infection by organisms other than 
S. equi.4,5

Physical examination

An early clinical sign of strangles is marked pyrexia
(39.4–41.1°C/103–106°F) associated with depression and
loss of appetite.1,2 Affected horses invariably develop an
initial serous nasal discharge that becomes purulent and
profuse within 2 days and some cases have a soft, moist
cough and/or purulent ocular discharge.

Strangles is classically characterized by a lymphadenitis
associated with rapid metastasis of S. equi infection from
buccal and nasopharyngeal mucosal surfaces to the draining

Streptococcus equi infection
(‘strangles’)

● Highly contagious disease of horses characterized by out-
breaks of disease.

● Disease is spread by fomites and direct transmission.
Inapparent carriers are important in perpetuating the
disease.

● Clinical signs include fever, depression, cranial lymph-
adenopathy and purulent nasal discharge.

● Metastatic infection causes abscesses in thoracic and
abdominal lymph nodes and in other organs.

● Treatment includes drainage of accessible abscesses,
supportive care and, in some cases, administration of
antibiotics.

● Prevention centers on detection of carriers and exclusion
of infected horses. Vaccination is of limited efficacy in 
preventing the disease.

Recognition of disease

History and presenting complaint

Streptococcus equi infection is the most frequently reported
infectious disease of horses worldwide, with affected horses
usually having either direct or indirect contact with other
infected horses or known outbreaks.1,2 However, the sudden
onset of disease may not be readily attributable to contact
with horses with obvious clinical signs of strangles and in
these cases transmission from an outwardly healthy carrier is
usually the source of infection.3
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Fig. 31.1
Draining submandibular lymph node abscess in a horse with
strangles.



lymph nodes of the head and neck. This spread probably
occurs within hours of infection. Within several days the sub-
mandibular (Fig. 31.1) and parotid lymph nodes (Fig. 31.2)
become palpably firm, swollen and painful and with absces-
sation of these and the retropharyngeal lymph nodes
(RPLNs). The pharynx becomes obstructed, causing difficulty
in breathing (hence the name ‘strangles’; Fig. 31.3). One to
two weeks after signs initially appear, the abscessated lymph
nodes usually develop sinuses and rupture their purulent
contents through either the skin (Figs 31.1, 31.2) or into the
guttural pouches (Figs 31.4, 31.5).5 At this stage of the
disease horses often show a sudden and marked clinical
improvement. Rupture of the RPLNs results in guttural
pouch empyema that may then drain into the pharynx
through the pharyngeal pouch opening (Figs 31.6, 31.7), the
most dependent part of the pouch when the horse has its
head lowered to the ground.3,5–7 This purulent discharge is
either swallowed or flows down the nose to appear as a
profuse nasal discharge. Lymph nodes of the head may
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Fig. 31.2
Draining parotid lymph node abscess in a horse with
strangles.

Fig. 31.3
Airway obstruction (‘strangles’) in a foal (picture courtesy of
H.Townsend).

Fig. 31.4
Retropharyn-
geal lymph
node abscess
draining into
the guttural
pouch of a
horse with
strangles.

Fig. 31.6
Purulent
discharge
draining
through
the
pharyngeal
opening of
the
guttural
pouches
(picture
courtesy
of W.
Beard).

Fig. 31.5
Radiograph of the pharynx of a horse with a retropharyngeal
lymph node abscess (arrows) associated with S. equi infection.



abscessate sequentially so that in most cases the entire clini-
cal course of disease lasts several weeks, although not all
infected animals in outbreaks necessarily show typical signs.

A strongly presumptive diagnosis of strangles may be
made on clinical grounds in horses that demonstrate lymph
node abscessation, although in some outbreaks lymphadeni-
tis may only occur in later cases or remain clinically inappar-
ent.4,5 However, in these apparently atypical strangles
outbreaks, earlier abscessation of RPLNs in some horses may
be confirmed by the detection of guttural pouch empyema on
endoscopic examination.

Morbidity rates of 100% are not uncommon in some sus-
ceptible populations and mortality rates of 8–10% have been
reported amongst cases,8,9 although rates are usually much
lower in well-managed animals. As well as the usual clinical
signs of strangles, serious complications occur in as many as
20% of cases.
Metastatic (‘bastard’) strangles Metastatic strangles is 
the systemic spread of infection by S. equi, with abscessation 
of parts of the body other than the lymph nodes of the head. A

wide range of structures may be affected, including the lungs,
liver, spleen, kidneys, brain, spinal cord, joints, endocardium,
and the cervical, pulmonary, prescapular, mediastinal and
mesenteric lymph nodes. Abscesses also occur paravertebrally,
and cutaneously, on the limbs (Fig. 31.8) and in the perianal,
periorbital and facial regions.

A diagnosis of metastatic strangles should initially be sus-
pected with the presentation of overt and unusual clinical
signs in any animal that is known to be either currently suf-
fering, or has recently recovered from or has had contact with
horses with strangles. Signs of metastatic strangles may be
indicative of the anatomical site(s) of infection but are often
fairly non-specific and include increased respiratory effort,
periodic pyrexia, depression, inappetence, intermittent colic
and chronic weight loss.
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Fig. 31.7
Radiograph
of the
pharynx of
a horse
with
guttural
pouch
empyema
secondary
to S. equi
infection.
The fluid
level
within the
pouch is
indicated
by arrows.

Fig. 31.8
Discharging abscess on the hind quarters of a horse with
metastatic strangles (picture courtesy of H.Townsend).

Fig. 31.9
Facial edema
and nasal
discharge in a
horse with
strangles-
associated
purpura
hemorrhagica
(picture
courtesy of 
P. Dixon).

Fig. 31.10
Hemorrhage and edema on the mucosal surface of the upper
lip in a horse with purpura hemorrhagica (picture courtesy of
H.Townsend).



Purpura hemorrhagica Purpura hemorrhagica is a
strangles-related immune-mediated condition that usually
occurs suddenly in older horses. Purpura is characterized 
by vasculitis resulting in subcutaneous edema especially
involving the head (Fig. 31.9) and limbs and petechial
hemorrhages on the surfaces of the mucosae (Fig. 31.10),
musculature and viscera. Immune complexes, containing the
surface M-protein antigen of S. equi, have been shown to be
involved in the pathogenesis of purpura.10,11 The vasculitis
may be widely disseminated through the body affecting many
organs, including the gastrointestinal tract, kidneys, lungs,
muscles and heart, and the resulting peripheral edema may
be so severe as to cause circulatory collapse and death.
Diagnosis of purpura hemorrhagica is generally made on the
basis of typical clinical signs, which usually appear between
2 and 4 weeks after an apparent resolution of strangles or
following administration of a strangles vaccine.

Special examination

Confirming a diagnosis of guttural pouch empyema with 
or without chondroids following strangles is achieved by

direct visual assessment of both pouches using endoscopy
(Figs 31.6, 31.11) or radiography (Fig. 31.7). Cytologic
assessment and culture and polymerase chain reaction (PCR)
of S. equi in lavage samples collected via a sterile disposable
catheter passed through the biopsy channel of the endoscope
should accompany visual examination as infection and
inflammation may be present in the absence of obvious and
visible pathology.6,12

The diagnosis of guttural pouch empyema with chon-
droids may also be made by radiography of the head 
(Fig. 31.12)6,12 and S. equi may be cultured from lavages
collected by direct percutaneous sampling of the pouch.13,14

Metastatic strangles Further diagnostic procedures may
aid the confirmation of the presence and site of S. equi absces-
sation in metastatic strangles. Appropriate techniques
include hematologic examination (usually showing leukocy-
tosis with left shift and mature neutrophilia), clinical bio-
chemistry (raised serum globulin and fibrinogen levels) and
peritoneal and/or pleural fluid evaluation (raised white blood
cell count, protein and fibrinogen levels, presence of intra-
and extracellular cocci on a stained smear even though bac-
teriological culture is frequently negative). Examination per
rectum (with or without transrectal or transabdominal 
ultrasound examination) may reveal an abnormal abdominal
mass that is generally resented on palpation. Abdominal
abscesses may be diagnosed by exploratory laparotomy or
laparoscopy. Sometimes the diagnosis can only be made at
necropsy in animals found dead or after elective euthanasia
for intractable idiopathic disease. Isolation of S. equi from
abscesses provides a definitive diagnosis of metastatic 
strangles.

Laboratory examination

Sample submission To maximize effective containment
and control of strangles outbreaks, a definitive diagnosis
should be made as early as possible, especially in horses that
do not have classical signs of lymphadenitis. This may be
achieved by bacterial culture of S. equi from appropriate
samples such as aspirated pus from lymph nodes (Fig. 31.13)
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Fig. 31.11
Endoscopic
appearance
of a guttural
pouch with
chondroids
forming
following
strangles.

Fig. 31.12
Radiographic appearance
of chondroids in the
guttural pouch of a horse
following strangles.

Fig. 31.13
Aspiration of pus from an infected lymph node in a case of
metastatic strangles.



and swabs or washings from discharging abscesses and the
nasopharynx. Samples should preferably be submitted from a
large and representative sample of suspected cases, rather than
a single sample from a single case. In addition, care should be
taken with the interpretation of negative laboratory results,
especially from horses demonstrating signs that are typical of
strangles. Draining abscesses frequently become rapidly colo-
nized by other bacteria that overgrow and mask the presence of
S. equi. Therefore, a negative result on a single short nasal swab
from one horse, for example, should not necessarily be taken as
assurance that S. equi is not involved in an outbreak of respira-
tory disease in a group of horses. This is because mucosal colo-
nization by S. equi may be short-lived and as with draining
abscesses the background flora is complex and the presence of
S. equi may be hidden. Consequently, it is wise always to follow
the general rule of thumb that ‘if it looks like strangles, then it
probably is strangles’.
Bacterial culture Conventional bacterial culture and dif-
ferential identification from other hemolytic bacterial species,
particularly the closely related S. zooepidemicus, by sugar fer-
mentation and Lancefield group typing remain the corner-
stone of definitive diagnosis of S. equi infection. Streptococcus
equi is conventionally identified by the inability of subcultures
of its hemolytic colonies to ferment ribose, sorbitol, trehalose
and lactose when inoculated into serum sugar broths and by
possession of the Lancefield group C antigen in a latex agglu-
tination test.

In chondroids formed after strangles, S. equi can be cul-
tured and demonstrated histologically on the surface and
lining fissures within their structure (Figs 31.14, 31.15).
Polymerase chain reaction (PCR) PCR assays are now
available for diagnosis of S. equi infection on nasopharyngeal
swabs or nasal wash samples.15,16 PCR is used in conjunction
with culture to improve the sensitivity of detection of S. equi,
especially in outwardly healthy but potentially infectious
horses that pose a risk of transmission if in close contact with
susceptible animals.4 PCRs have been developed for detection
of the DNA of the hypervariable region of the M-protein
gene16 and 16S–23S RNA gene intergenic spacer,15 which in

combination are able to differentiate S. equi from the vast
majority of subtypes of the ubiquitous but closely related 
S. zooepidemicus species.

During recent intensive outbreak investigations in the UK
using repeated swabbing of the nasopharynx and endoscopy
of guttural pouches, variants of S. equi have been isolated
from a significantly higher proportion of carriers (24%) com-
pared with clinical cases of strangles (< 1%, Fisher’s exact 
P = 0.0002).17 The variants lacked DNA that coded for up to
20% of the surface expressed M-protein and were shown to
express truncated forms of this protein compared with non-
variant S. equi.17 As variants were much more prevalent in
outwardly healthy horses than those with signs of strangles,
they possibly represented a less virulent but immunizing
subtype of S. equi, which may have been contributing to herd
immunity by acting as a natural, live vaccine. Experimental
infection in naïve Welsh mountain ponies has, however,
shown that variant S. equi expressing a truncated M-protein
are as pathogenic as subtypes with the full M-protein, pro-
ducing typical clinical signs of strangles including lymph
node abscessation, ‘bastard’ strangles (Fig. 31.13) and gut-
tural pouch empyema. This demonstrates that at the present
time all carriers should be regarded as potential sources of
new strangles outbreaks.

Necropsy examination

Diagnosis of metastatic strangles can often only be made at
necropsy in animals found dead or after elective euthanasia
for retractable idiopathic disease, with the culture of S. equi
from abscesses providing a definitive diagnosis of ‘bastard’
strangles.

Necropsy findings have confirmed that the guttural pouch
is frequently the only site of carriage of S. equi in otherwise
outwardly healthy horses that continue to harbor the 
organism long after initial infection.
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Fig. 31.14
Dark Gram-positive staining S. equi lining fissures within a
chondroid removed from the guttural pouch of a horse
following strangles.

Fig. 31.15
A single chondroid within a guttural pouch.



Diagnostic confirmation

The presence of S. equi, identified by culture or PCR in appropri-
ate swab, lavage or aspirate samples from horses with evidence
of respiratory disease, including guttural pouch empyema or
abscessation, confirms a diagnosis of strangles. However, some
caution is required with results that are positive by PCR only, as
this finding may reflect the persistence of killed bacteria, as was
demonstrated in two horses following treatment for guttural
pouch empyema and/or chondroids.18 However, despite the dis-
advantage that PCR might produce such ‘false positives’, in the
context of presumptively detecting S. equi carriers, PCR has the
advantage of detecting DNA in the nasopharynx that might
have originated from living bacteria in the guttural pouches.
Large unguarded nasopharyngeal swabs6 greatly facilitate the
sampling of any material draining from the guttural pouches
into the nasopharynx. Given the risk for ‘false positives’,
however, PCR can only be regarded as a presumptive test for 
S. equi carriers until infection has been demonstrated in the
guttural pouches by culture.

Treatment and prognosis

Therapeutic aims

The only treatment usually needed for the majority of cases
of strangles is provision of a dry and warm environment,

palatable and easily swallowed food and good quality nursing
care. Maturation and discharge of abscesses should be
encouraged by use of poultices and lancing. This should be
followed by frequent flushing with 3–5% dilute povidone-
iodine solution until discharge of pus ceases. Lancing of
abscesses and emergency surgical tracheostomy may be
needed when there is acute respiratory obstruction. Non-
steroidal anti-inflammatory drugs (NSAIDs) may be adminis-
tered as appropriate to reduce the pyrexia, pain and
inflammation associated with S. equi infection and conse-
quently improve the demeanor of affected horses and main-
tain their appetite (Table 31.1).

The use of antimicrobial therapy in strangles remains
extremely controversial. Although S. equi is susceptible in
vitro to many of the antimicrobials that are commonly used
in horses, their effectiveness in vivo may be poor. This is 
especially true where there has been migration of infection to 
the lymph nodes or where there is accumulation of pus such
as in guttural pouch empyema or ‘bastard’ strangles.
Furthermore, there are frequently problems with recurrence
of lymphadenitis and subsequent abscessation some time
after the antimicrobial treatment ends. Although it is com-
monly cited that use of antimicrobials induces metastatic
strangles, there is little scientific evidence to support this and
this severe complication is known to occur in outbreaks
where no such treatment has been used. In addition, use of
antimicrobials may instill a false sense of security in owners
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Drug name Drug Indication Dose rate Route of Duration of
type administration treatment

Procaine Antibiotic Treat S. equi 10,000–20,000 Intramuscular 5–7 days but
penicillin G infection IU/kg q 12–24 h longer for

metastatic 
strangles

Ceftiofur Antibiotic Treat S. equi 2 mg/kg Intramuscular or Up to 10 days
infection q 12–24 h intravenous

Trimethoprim Antibiotic Treat S. equi 15–30 mg/kg Oral Up to 28 days
potentiated infection q 12 h
sulfonamide

Phenylbutazone NSAID Reduce pyrexia, 4.4 mg/kg Oral As required
pain and q 24 h
inflammation

Flunixin NSAID Reduce pyrexia, 1.1 mg/kg Intravenous Up to 5 days
pain and q 12–24 h
inflammation

Meclofenamic NSAID Analgesia with 2.2 mg/kg Oral As required
acid metastatic q 24 h

strangles

Dexamethasone Steroid Reduce Up to 0.20 mg/kg Intramuscular, As required
vasculitis with q 24 h intravenous or 
purpura oral
hemorrhagica

q, Every; NSAID, non-steroidal anti-inflammatory drug.

Table 31.1 Details of treatments commonly used for strangles and its complications



and veterinary surgeons that animals are no longer infec-
tious and so strict hygiene measures are no longer necess-
ary. Consequently, the use of antimicrobial therapy in stran-
gles outbreaks should be very carefully considered. If anti-
microbials are used (Table 31.1) it is strongly recommended
there should be continued close clinical monitoring of
animals for several weeks after the end of antibiotic adminis-
tration, during which time the highest standards of hygiene
should also be maintained. Further screening of animals
during this period by bacterial culture of nasopharyngeal
swab or lavage samples is strongly recommended, although
false positive PCR results are possible during this time.18

Metastatic strangles Treatment of metastatic strangles is
possible when abscesses are accessible so that they can be
drained and flushed with dilute povidone-iodine. A prolonged
course of large dose parenteral procaine benzylpenicillin
(Table 31.1) should be initiated and administered daily for
several weeks. Alternatively, oral antimicrobial treatment,
such as trimethoprim potentiated sulfonamide, can be used
for longer periods of treatment.

Other appropriate symptomatic treatment, such as anal-
gesics (Table 31.1), may be administered where indicated.
The diagnostic techniques described earlier may be useful in
monitoring for remission of abscessation during and follow-
ing treatment.
Purpura hemorrhagica Treatment of purpura hemor-
rhagica is aimed (i) at removing antigenic stimulation by 
S. equi, (ii) at reducing the exaggerated immune response, (iii)
at reducing vasculitis and (iv) at providing supportive
therapy. It has been proposed that this may be achieved by use
of procaine benzylpenicillin to treat the S. equi infection and
intravenous administration of corticosteroids such as dexa-
methasone (Table 31.1) to suppress the immune response
and reduce vessel wall inflammation. However, penicillin
treatment is controversial as it can lead to bacterial cell lysis
that could increase amounts of circulating M-protein, which
may potentially increase immune complex formation and
consequently worsen clinical signs. Supportive care, such 
as leg wraps, light walking exercise, hydrotherapy, diuretics
and intravenous fluid administration, should be used as
necessary.
Guttural pouch empyema Appropriate approaches to
treatment of guttural pouch empyema in individually
affected horses depend on the volume and consistency of the
material within the pouch(es).5,12,18–20

Repeated flushing of pus-filled pouches via rigid bovine
uterine catheters or indwelling Foley catheters using saline or
dilute povidone-iodine solution, followed by lowering of the
head to allow drainage or use of a suction pump attached 
to the endoscope, have been shown to help the elimination 
of empyema.12,18 Administration of both topical and sys-
temic sodium benzylpenicillin improves the success rate of
treatment.

Topical instillation of 20% (w/v) acetylcysteine solution
has also been used to aid the treatment of empyema.19

Acetylcysteine, by disrupting disulfide bonds in mucoprotein
molecules, has a denaturing/solubilizing activity, thereby
decreasing the viscosity of mucus and helping natural

drainage from the pouch. Erythema of the guttural pouch
mucous membranes has been observed though following use
of acetylcysteine.18

In more long-standing cases there is inspissation of the
purulent material, which produces a thickened empyema and
leads to chondroid formation that does not readily drain into
the pharynx. These cases are less straightforward to treat by
topical therapy as they are usually refractory to large volume
irrigation and early attempts at removal by endoscopically
guided instruments have been technically difficult and time-
consuming. Conventional treatment of such cases has been
by the surgical technique of hyovertebrotomy and ventral
drainage through Viborg’s triangle. This technique, however,
carries all the inherent risks of general anesthesia and surgi-
cal dissection around the major blood vessels and nerves of
this region of the head and neck, as well as the possibility of
S. equi contamination of the hospital environment and sub-
sequent risk of transmission to susceptible horses. More
recently, use of improved sedation techniques and endoscopic
instruments, including use of memory-helical polyp retrieval
baskets passed through the biopsy channel of the endoscope,
now more easily facilitates non-surgical removal of chon-
droids, even if they are found in very large numbers and in
conjunction with empyema. This is usually sufficient for suc-
cessful treatment of even the most severe guttural pouch
pathology when combined with topical and systemic anti-
microbial therapy.

Therapy

Table 31.1 summarizes types of therapy with their indica-
tions, dose rates, routes of administration and duration of
treatment for treatments commonly used with strangles and
its complications.

Prognosis

The prognosis for most cases of uncomplicated strangles is
good although airway obstruction following enlargement of
abscessated lymph nodes of the head and neck may be fatal
unless emergency tracheostomy is performed. ‘Bastard’
strangles may carry a poor prognosis, especially if abscesses
are large and not readily accessible for continued external
drainage. Purpura hemorrhagica may be rapidly fatal despite
appropriate treatment.

Etiology and pathophysiology

Etiology

Strangles is caused by a primary infection with Streptococcus
equi, a Gram-positive, Lancefield group C, beta-hemolytic
bacterium.

Molecular characterization of S. equi and the closely
related S. zooepidemicus has shown that isolates of S. equi are
antigenically more similar and are actually derived from the
antigenically more diverse S. zooepidemicus species. Various
molecular typing techniques such as random amplified
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polymorphic DNA analysis (RAPD), multilocus enzyme elec-
trophoresis (MEE) and pulsed-field gel electrophoresis (PFGE)
have been applied to different S. equi isolates from around the
world and show that not all isolates are antigenically identi-
cal. However, to date no correlation between antigenically
distinct types and clinical severity of outbreaks has been
shown using these techniques.

Pathophysiology

The incubation period for strangles varies between 3 and 
14 days depending on infectious dose and the host’s immune
status. There appears to be a very rapid (within hours of
colonization) transfer of S. equi infection from the site of initial
infection usually on the buccal or nasopharyngeal mucosal sur-
faces to the draining lymph nodes of the head and neck. S. equi
is able initially to resist phagocytosis by polymorphic leukocytes
but this is then followed by a massive recruitment of white blood
cells with consequent abscess formation with associated fibrosis
and walling off of infection. Eventually abscesses discharge
through the weakest point, which is usually the skin in the case
of the submandibular and parotid lymph nodes but dorsally
through to the lumen of the guttural pouch for retropharyngeal
lymph nodes. Horses usually make a rapid and uneventful
recovery following natural drainage of abscessated lymph
nodes. Metastatic strangles is believed to follow blood- or lymph-
borne metastasis of S. equi infection to sites distal to infected
lymph nodes. The signs of purpura hemorrhagica are mediated
through immune complexes formed between the M-protein
antigen of S. equi and immunoglobulins of the host’s exag-
gerated immune response.10,11

Epidemiology

Active and recovering strangles cases are an extremely
important and easily recognizable source of new S. equi infec-
tions for susceptible horses through their purulent discharges
from lymph nodes, nose and eyes. Transmission of S. equi
infection occurs when there is either direct or indirect trans-
fer of these purulent discharges between affected and suscep-
tible horses. Direct transmission refers to horse-to-horse
contact, which occurs through normal equine social behav-
ior involving head-to-head and nose-to-nose contact.

Indirect transmission occurs with the sharing of contami-
nated housing, water sources, feed or feeding utensils,
twitches, tack, and other less obvious fomites such as the
clothing and equipment of handlers and veterinary surgeons
and, anecdotally, even via other animal species.

The organism is also able to remain viable and infectious
in the environment for extended periods if maintained in
moist discharges, particularly when not exposed to chemical
disinfectants and/or sunlight.21

It is increasingly recognized that transmission originating
from outwardly healthy animals may be of greater impor-
tance than from purulent discharges from sick horses
because the source of infection is not obvious and appears
suddenly and without warning.

Horses that are incubating the disease are outwardly healthy
and potentially infectious but do themselves go on to develop
signs of strangles. It is assumed that normal nasal secretions are
the source of infection in these animals. The other important
outwardly healthy but potentially infectious horses are those
convalescent cases that continue to harbor the organism after
full clinical recovery. A moderate proportion of horses continue
to harbor S. equi for several weeks after clinical signs have dis-
appeared, although in the majority the organism is no longer
detectable 4 to 6 weeks after total recovery. It is therefore appro-
priate to consider all recovered horses as potentially infectious
for at least 6 weeks after their purulent discharges have dried up.

In a proportion of outwardly healthy, potentially infectious
horses, carriage and at least periodic shedding of S. equi occurs
for prolonged periods after apparent full and uncomplicated
recovery. These horses are commonly referred to as long-term,
asymptomatic S. equi carriers and there is strong anecdotal
evidence that they can be a source of new disease in a large
proportion of outbreaks, even in well-managed groups of
horses.4,12 If strangles control measures are to be fully effect-
ive there must be recognition of the importance of carrier
animals and appropriate detection and management of these
animals.4,5,18

It appears probable that short-lived empyema of the guttural
pouches is the most common outcome of uncomplicated
drainage of RPLN abscessation. However, in up to 10% of
horses in strangles outbreaks4 there is apparent failure of this
clearance mechanism resulting in chronic empyema of the
pouch. The failure of drainage of the guttural pouch may be
related to the extended periods for which some housed horses
are kept with their heads elevated. In some horses, guttural
pouch empyema with S. equi infection may persist asympto-
matically for many months or even years.6 In these long-
standing cases pus in the pouches inspissates and then
eventually forms into discrete, ovoid, smooth concretions
known as chondroids. Chondroids may occur singly 
(Fig. 31.15) or as multiples (Fig. 31.16), sometimes in very large
numbers, and have been shown to harbor viable S. equi within
their core (Fig. 31.14).
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Fig. 31.16
Multiple chondroids removed non-surgically from the guttural
pouch of a horse after strangles.



By the identification, segregation and treatment of these
potentially infectious horses, prolonged outbreaks have been
successfully controlled and further outbreaks undoubtedly
prevented.4,5,12 A systematic program of repeated nasopha-
ryngeal swabbing or nasal washing (i.e. at least three samples
taken at weekly intervals) of horses following the cessation of
clinical signs or during quarantine of incoming horses, using
conventional culture in conjunction with PCR, has success-
fully identified carrier horses.4

Control of outbreaks

Investigation of strangles outbreaks by veterinary surgeons
should begin with a detailed history to evaluate the full extent
of the potential disease problem. The review should aim to
identify affected groups of horses and allow the geography of
the premises and the management practices on them to be
assessed for further risks and future opportunities for disease
control. A practical disease control strategy should then be
agreed and implemented. The general aims and measures for
such a strategy are outlined in Table 31.2. However, this

outline strategy will need to be adapted to the individual cir-
cumstances of each specific premises and outbreak.

In summary, all movements of horses on and off the
affected premises should be stopped immediately with imple-
mentation of parallel segregation and hygiene measures.
Strangles cases and their contacts should be kept in clearly
marked ‘dirty’ (i.e. S. equi positive) areas of isolation. The
overall aim of the control strategy, following bacteriological
screening, is to move horses from the ‘dirty’ to ‘clean’ areas
where non-affected and non-infectious horses are kept.
Considerable care should be taken to maintain the highest
standards of hygiene throughout the premises and for the
duration of the investigation. Screening of all convalescing
cases and their healthy contacts should be conducted using
nasopharyngeal swabs or lavages, with special care taken to
maintain good hygiene to avoid inadvertent transmission
between horses during sampling. Repeated weekly swabs or
lavages should be taken over several weeks and tested for 
S. equi by conventional culture and PCR, but because PCR
can detect dead as well as living bacteria, positive PCR results
should only be regarded as provisional, subject to further
investigation. Most asymptomatic, long-term carriage of
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Aim Measure

1. To prevent the spread of S. equi infection Stop all movement of horses on and off the affected premises immediately and until 
to horses on other premises and to new further notice
arrivals on the affected premises

2. To establish whether horses are infectious At least three nasopharyngeal swabs or lavages are taken at approximately weekly 
in the absence of clinical signs of strangles intervals from all recovered cases and their contacts and tested for S. equi by culture
(i.e. asymptomatic carriers) and PCR

3. To determine if horses are likely to be free At least three consecutive nasopharyngeal swabs or lavages are negative for S. equi by 
from infection with S. equi (i.e. non-infectious culture and PCR
for strangles)

4. To determine if horses are likely to be S. equi is cultured or detected by PCR on any of the screening swabs. (Horses with only 
harboring S. equi (i.e. infectious for positive PCR results are considered provisionally positive subject to further tests)
strangles)

5. To prevent direct transmission of S. equi Infectious horses are maintained in so-called ‘dirty’ (i.e. S. equi positive) isolation areas
infection by isolation of infectious horses that are physically cordoned from the other ‘clean’ areas of the premises where
from those screened negative for S. equi non-infectious horses are kept. Clustering of cases in groups should allow parts of the 

premises to be easily allocated as ‘dirty’ and ‘clean’ areas

6. To prevent indirect cross-infection by Potentially infectious horses in the ‘dirty’ area are preferably looked after by dedicated
S. equi from horses in the ‘dirty’ area to staff or are dealt with after non-infectious horses in the ‘clean’ area. Strict hygiene
those in the ‘clean’ area of the premises measures are introduced including provision of dedicated clothing and equipment for

each area, disinfection facilities for personnel and thorough stable cleaning and 
disinfection methods

7. To monitor horses in the ‘dirty’ areas for Nasopharyngeal swabbing or lavages are continued with endoscopic examination of the 
persistence of S. equi infection and to upper respiratory tract including guttural pouches in those horses in which S. equi was 
establish sites of carriage of infection detected after clinical signs had disappeared. Horses that satisfy the non-infectious

criteria of measure 3 above or have at least the third swab of the series negative by 
PCR (to allow for possible persistence of PCR-positive but dead bacteria) are returned
to the ‘clean’ area

8. To eliminate inflammation and S. equi Removal of lesions through a combination of flushing and aspiration of saline and 
infection from the guttural pouches and removal of chondroids using endoscopically guided instruments.Topical and systemic
other sites administration of penicillin antimicrobial treatment to eliminate S. equi infection

(see ‘Treatment and prognosis’)

Table 31.2 Aims and measures used to control transmission of S. equi on affected premises



S. equi occurs in the guttural pouches of recovered horses.
Therefore endoscopy of the upper respiratory tract, especially
the guttural pouches, should be performed in all outwardly
healthy horses in which S. equi is detected, either by culture
or by PCR. Guttural pouch lavages should also be tested for 
S. equi using culture and PCR. Other sites such as the nasal
sinuses or trachea should also be considered in horses that
continue to harbor S. equi in the absence of pathology or 
S. equi infection of the guttural pouches.3

Prevention

Although more preferable than controlling outbreaks, pre-
vention of strangles is extremely difficult to achieve, particu-
larly in the absence of specific measures aimed at reducing
the risk of inadvertent introduction of S. equi infection
through asymptomatic carriers. Prevention is especially
problematic where there is frequent movement and mixing of
horses and where strangles outbreaks elsewhere have not
been appropriately investigated and controlled or are known
about. Wherever possible animals being introduced to a new
population of horses should be maintained in strict isolation
(quarantine) where they are screened for S. equi by repeated
nasopharyngeal swabs or lavages. This should be performed
in accordance with the protocol outlined for controlling out-
breaks (i.e. three samples taken at weekly intervals), with
samples tested for S. equi by culture and PCR and animals
testing positive by either test being retained in isolation for
further investigation and treatment. High standards of
hygiene should also always be maintained to avoid indirect
transmission between quarantined and resident horses.

Vaccination

Although strangles occurs in most countries around the
world, relatively few nations currently use vaccination as a
means of control or prevention and in those areas where it is
used, strangles remains an endemic and extremely significant
equine infectious disease. Despite there being some limited
scientific evidence to show that strangles vaccines are effec-
tive in reducing the severity of disease, the protective immu-
nity that they convey is generally poor and very short-lived.
Importantly, as well as their limited effectiveness, many prob-
lems have been encountered with both local and systemic
reactions to strangles vaccines. Although the original heat-
inactivated whole culture vaccines (so-called bacterins) have
higher rates of reaction compared with the later protein-rich
extract products, both have been associated with an unac-
ceptably high level of adverse effects. Recently a live,
intranasal vaccine based on an apparently avirulent and nat-
urally occurring strain of S. equi has been used in North
America. Whilst this type of vaccine, if it remains truly avir-
ulent, might have superior immunizing ability and minimal
side effects compared with the intramuscularly administered
inactivated or protein-based vaccines, there have also been
problems reported with adverse reactions to this live mutant
vaccine strain of S. equi. Reactions similar to those signs seen

in the natural disease have been reported, albeit at a lower
rate than encountered with disease. Such signs include nasal
discharge, abscessation of lymph nodes and other sites, aller-
gic reactions, systemic responses and purpura-like signs.
These reactions and the occurrence of S. equi abscesses at the
site of intramuscular injection given immediately after
intranasal administration of this vaccine demonstrate the
potential of this product to produce strangles-like signs in
horses.

In keeping with other streptococcal pathogens, the viru-
lence of S. equi is most probably determined by a complex
series of multiple, genetically coded determinants. This is
demonstrated by the lack of efficacy of M-protein vaccines
and by the ability of a live, intranasal vaccine strain, the nat-
urally occurring M-protein gene deletion mutants and heat-
inactivated bacterin vaccines to all produce abscesses.
Therefore, in order to produce a truly effective strangles
vaccine with maximal efficacy and minimal side effects, it will
be necessary to have knowledge and understanding of the
mechanisms of the vast majority, if not all, of these determi-
nants. To this end, the entire DNA genome of S. equi has
recently been sequenced.

Detailed analysis of the S. equi genome should provide
novel understanding of the mechanisms by which S. equi
causes strangles in horses and how it manages to evade host
immune responses. Further research based on the genome
sequence should lead to the development of more effective
and safer strangles vaccines for horses.

The role of bacteria,
including Streptococcus
zooepidemicus, in 
inflammatory airway 
disease

● Inflammatory airway disease is common in athletic
horses.

● Some, but not all, cases are associated with bacterial infec-
tion, in particular Streptococcus zooepidemicus and
Actinobacillus/Pasteurella spp.

● The role of environmental factors, such as stabling, is
debated.

Recognition of disease

Clinical recognition of inflammatory airway disease (IAD)
associated with bacteria follows standard patterns for the
diagnosis of IAD, with the simple addition that quantitative
bacteriology is needed to assess the presence of bacteria (and
their clinical significance). Recognition is thus not discussed
at length here, but rather, readers are referred to Chapter 29
in this book.
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Etiology and pathophysiology

Etiology

There are few published studies that consider the role of
either viruses or bacteria in the etiology of IAD. Most studies
that do consider their role in IAD are based on disease in
young race horses, although there are some that consider
lower respiratory tract disease in foals.

Multidisciplinary epidemiological studies of IAD have pro-
vided strong evidence for a multifactorial etiology of IAD.22 It
is not argued here that bacteria are the only cause of IAD,
merely that they are likely to be responsible for a significant
proportion of the syndrome as a whole.

IAD associated with bacteria has been most extensively
studied in Thoroughbred race horses in the UK; there are also
several published studies of the relationship between bacteria
and respiratory disease in young Thoroughbred race horses
in Australia. The evidence for a role of bacteria in IAD in
these young animals is reviewed below. Disease of the older
horse is not considered here, not because bacteria cannot
play a role in such animals, but rather because there are no
published studies that objectively consider any such role.

When reviewing the evidence, the mean duration of cases
of acute IAD in young race horses – around 2 months – needs
to be considered.22,23 In this respect, conclusions derived from
cases seen at secondary and tertiary referral institutes are
likely to be quite different in nature from those that come
from population-based epidemiological investigations.

It is important that associations between disease and the
presence of infections are analyzed quantitatively when con-
sidering evidence of possible causation. This is expensive and
time-consuming in large-scale epidemiological studies, but
nonetheless important. Evidence for epidemiological associa-
tions being causal requires careful and inclusive evaluation of
all possible evidence.24 Difficulties with experimental animal
models means that direct evidence for causation will only be
available when the impact of effective vaccination programs is
studied in comparative and controlled studies. Such studies will
not be possible until efficacious vaccines against the major bac-
terial agents implicated have been developed. In the field, it is
often not possible to isolate implicated bacterial infections in
pure culture from cases of disease; mixed infections are the
norm, as indeed they are in cases of pneumonia in both horses
and farm animals. However, this section is restricted to IAD; the
presence of bacteria reported from cases of pneumonia is not
considered here.
Direct evidence In young race horses, Streptococcus pneumo-
niae capsule type 3 has been recognized for some time as an
important respiratory pathogen25 – and its first reported isola-
tion from horses dates back more than 30 years ago.26 This is a
major respiratory pathogen in humans, although the capsule
type 3 isolated from horses appears genetically distinct from
human strains, being deficient in pneumolysin and streptolysin,
these being major pathogenic determinants.27 Not only was the
infection associated with the presence of IAD,25 which the
authors referred to as lower respiratory tract disease using a
case definition that would classify it as IAD, but they were also

able to reproduce signs of IAD experimentally by instilling the
organism into the trachea of resting ponies.28

This preliminary epidemiological and experimental evidence
for S. pneumoniae has been further supported by additional
strong evidence from large-scale epidemiological studies of res-
piratory disease in young race horses in both Britain and
Australia. In Britain, there was a close association between the
organism and IAD in 2-year-old horses29 and the infection was
associated with coughing in young race horses in Australia;30

although IAD itself was not studied, 85% of the cases of cough-
ing in this study were suffering from IAD. This infection is rela-
tively uncommon in cases of respiratory disease in young race
horses (6%:23; 12%:30) in contrast to Streptococcus zooepidemicus
and the Actinobacillus/Pasteurella group of bacteria.

Several of these studies of IAD or coughing in young race
horses have reported a close association between the presence of
S. zooepidemicus, particularly in large numbers, and IAD22,29,31

as well as with coughing or other non-specific signs of respira-
tory disease.30,32 However, there are few if any published reports
of attempts to reproduce disease experimentally in equids with
either organism, although septicemia can be induced with
intravenous challenge33 and disease can be reproduced in both
mice and llamas with S. zooepidemicus.34

Along with S. pneumoniae and S. zooepidemicus,
Actinobacillus/Pasteurella spp. have been found to be asso-
ciated with IAD, coughing and non-specific signs of res-
piratory disease in young race horses in Britain and
Australia.22,23,29–32,35,36 In every published study, S. zooepidemi-
cus was the bacterium associated with IAD most commonly iso-
lated from the trachea.22,23,29–32,36,37 As S. zooepidemicus was
also the bacterium usually isolated in the largest numbers, it
would be reasonable to conclude that this bacterial species prob-
ably plays the largest role of all conventional bacteria in the
disease syndrome.
Indirect evidence All studies of IAD in young horses have
found that the likelihood of disease, the prevalence and/or
the incidence of IAD decrease as animals get older (Fig.
31.17)22,23,29–32,36,37 or have spent longer in the stable envi-
ronment.30,32,36,37
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It is clear that a poor environment can exacerbate or
prolong IAD22 but our observations that IAD is frequently
observed in weanling pony foals kept at grass37 argue
strongly against the stable environment being the only cause.

Desensitization to stable environmental contaminants
could be hypothesized as a reason for a decrease in the fre-
quency of disease in older animals, but this is most unlikely
given that sensitization to them is implicated in the causal
pathway of RAO in the older animal.

It is most likely that the decreases in the rates of IAD in
older animals that correlate with the length of time in the
stable environment and/or increasing age are due to the
development of immunity to the infections that are responsi-
ble for a large part of the disease. The multidisciplinary inves-
tigations of IAD that have been undertaken have generally
reported that these infections are usually bacterial rather
than viral.29

Are the associations reported from epidemiological
studies causal? Particular care needs to be taken when
considering evidence of causation from epidemiological
studies. Most of the studies referred to above used multivari-
able statistical methods, which reduces the likelihood of con-
founding, at least by measured variables. Furthermore, use of
the nine Bradford Hill criteria24 to assess whether the epi-
demiological associations between these bacteria and IAD are
likely to be causal does suggest that bacteria do cause lower
respiratory tract disease in horses.

Several studies have confirmed a reasonable strength of asso-
ciation (measured as relative risk) and a significant biological
gradient for these bacteria and IAD, with increasing numbers of
bacteria having a greater strength of association with
disease.22,25,29,36,38,39 Examination of tracheal wash data from
young Thoroughbred race horses using a zero to nine ordinal
scoring of airway inflammation demonstrates a significant bio-
logical gradient for increasing mean log10 colony-forming units
(CFU) per milliliter of S. zooepidemicus and Actinobacillus/

Pasteurella and increasing inflammation score (Fig. 31.18).
There was no such gradient for Staphylococcus.

The associations with IAD are also specific for the three bac-
terial species of S. zooepidemicus, Actinobacillus/Pasteurella and
Streptococcus pneumoniae and are consistent between different
studies.22,25,29,36,38,39 Bacterial infections as causes of IAD in
young horses are biologically plausible, are coherent as the
results do not conflict with current knowledge and are analo-
gous with similar and identical bacteria being the cause of res-
piratory disease in other species. Furthermore, S. equi, a
subtype of S. zooepidemicus,15 causes ‘strangles’ in horses and is
generally accepted as a primary bacterial equine pathogen.
There is experimental evidence that intratracheal inoculation
of S. pneumoniae causes IAD and pneumonia in young pony
foals, with the organism being recovered from the trachea and
pneumonic lesions.28 A temporal relationship between bacter-
ial infection and IAD is difficult to confirm due to the possibility
of an earlier predisposing viral infection. However, results of a
longitudinal study of IAD failed to show that the association
between bacteria and IAD is dependent on prior infection 
with any of the known equine viruses29 – and infection with
the most common virus, equine herpesvirus 1/4, which was
also the only virus statistically associated with IAD, was 
only detected in 7.5% of cases, despite the use of sensitive
serological techniques.

Epidemiology

The results from investigations of endemic IAD in training
yards,22,23,39 as well as from outbreak investigations35,40 have
been reported. The substantial variation between years and
between training yards in the prevalence of IAD (Fig. 31.19)
gives the syndrome, at least in the UK, the appearance 
of occurring in outbreaks,23 suggesting an infectious
etiology.
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The disease in Britain is generally much more common in
the winter and early spring, declining in prevalence through
the year until the annual recruitment of young suscept-
ible yearling animals into training yards in the autumn 
(Fig. 31.20). This is again consistent with the acquisition of
immunity in individual animals and the progressive develop-
ment of herd immunity in relatively stable groups through
the year.

We have studied the molecular epidemiology of S. zooepi-
demicus in both horses in training and young ponies at
grass;37 workers from Kentucky have also reported results
from similar investigations based on bacterial genotype and
phenotype.16,41 The molecular results have shown that,
within a background of apparently constant S. zooepidemicus
challenge, different strains of the bacterium are spreading or

declining through different groups of animals.37 All of the
studies undertaken thus far have been too small to reliably
detect small differences in pathogenicity between different
strains; no large differences have yet been reported. The
results, along with those from detailed evaluation of
Pasteurella spp. subtypes,42 indicate that great care needs to
be taken when interpreting results from studies that have not
used detailed molecular tools that identify differences
between otherwise identical strains of these bacteria. Much
more dynamic spread of different, non-cross-reactive strains
is likely to be occurring between and amongst groups of
horses than is apparent when using traditional microbiologi-
cal methods.

Much work is necessary to clarify the role of bacteria in
IAD, particularly in the older horse, but there is increasing
acceptance that, at least in the acute disease in the young
equine athlete, bacterial infections play an important role in
the etiology.

Equine pleuropneumonia
(pleuritis, pleurisy)

● Combination of pneumonia and accumulation of
inflammatory exudate in pleural space is referred to as
pleuropneumonia.

● Risk factors for development of the disease include trans-
portation, viral respiratory disease, general anesthesia,
esophageal obstruction, and penetrating chest wound.

● Clinical signs include combinations of fever, depression,
anorexia, exercise intolerance, nasal discharge, mucopu-
rulent nasal discharge and cough.

● Identification of pneumonia and inflammatory, septic
pleural fluid confirms the diagnosis.

● Tracheal aspirate fluid and pleural fluid should be cultured
and the results used to direct treatment.

● Treatment involves prolonged administration of antimi-
crobials and drainage of pleural fluid.

● Prognosis for life is good with aggressive treatment.
Prognosis for return to racing is fair.

Recognition of disease

History and presenting complaint

Horses with pleuropneumonia frequently have a history of
transportation over long distances (> 800 km), recent viral
respiratory disease or contact with horses with evidence of
infectious respiratory disease, recent general anesthesia,
choke (esophageal obstruction), rupture of the esophagus or
penetrating chest wound.43,44 While spontaneous disease
does occur, most cases in athletic horses are associated with
one of these risk factors. The presence of pleural effusion in a
horse lacking one of these risk factors should raise the index
of suspicion of unusual underlying disease, such as neoplasia
or congestive heart failure.
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Variation in prevalence of IAD in young race horses with year
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Physical examination

Acute pleuropneumonia is characterized by the sudden onset of
combinations of fever, depression, inappetence, cough, exercise
intolerance, respiratory distress, shallow respirations, respira-
tory distress and nasal discharge. Horses with chronic disease
have exercise intolerance, weight loss, mild depression, inter-
mittent fever, cough and mucopurulent nasal discharge.

Acutely affected horses are usually pyrexic, tachycardic
and tachypneic. Pyrexia, while an expected finding, is not
always detected, especially in horses administered non-
steroidal anti-inflammatory drugs. Inappetence and depres-
sion are common clinical signs. Spontaneous coughing is
unusual although manipulation of the trachea or pharynx
will usually induce a soft cough. The horse may be reluctant
to move or may exhibit signs of chest pain, including reluc-
tance to move, pawing and anxious expression, that may be
mistaken for colic, laminitis or rhabdomyolysis. Affected
horses often stand with the elbows abducted and walk with a
stiff, stilted gait taking small steps. Thoracic excursions
during breathing are shallow. Nasal discharge ranges from
serosanguineous to mucopurulent and occurs from both nos-
trils. The breath may be malodorous.

Horses with chronic pleuropneumonia have intermittent
fever, mild tachycardia and tachypnea. Inappetence and weight
loss are usual. Exercise intolerance is marked and exercise may
be associated with coughing, subsequent fever and mucopuru-
lent nasal discharge. Nasal discharge ranges from serosan-
guineous to mucopurulent, is usually present in both nares and
is exacerbated when the horse lowers its head. The breath may
be malodorous, although this is a more common finding in
horses with subacute to chronic disease. Ventral edema occurs
in approximately 50% of horses with pleuropneumonia.44

Auscultation Auscultation of the thorax reveals attenuation
of normal breath sounds in the ventral thorax in horses with
significant accumulation of pleural fluid. However, the attenua-
tion of normal breath sounds may be mild and difficult to detect,

especially in large or fat horses or in horses in which there is
only slight accumulation of pleural fluid. Auscultation of the
thorax with the horse’s respiratory rate and tidal volume
increased by having it breathe with a large airtight bag over its
nostrils may reveal crackles and wheezes in the dorsal lung
fields and attenuation of the breath sounds ventrally. However,
this procedure is unnecessary and not recommended if there is
clear evidence of pulmonary disease or pleural effusion is
detected on routine auscultation or other examination. There is
often fluid in the trachea detectable as a tracheal rattle.
Percussion Use of percussion to detect accumulation of
pleural fluid requires knowledge of the boundaries of the
lung fields in a normal horse. The boundaries of the lung
fields are the 17th intercostal space at the level of the tuber
coxae, 16th space at the level of the tuber ischii, 13th space
at the level of the midthorax, 11th space at the level of the
shoulder and 6th space at the olecranon (Fig. 31.21).
Percussion of the chest wall in horses with excessive pleural
fluid or pulmonary consolidation will reveal a clear line of
demarcation below which the normal resonant sounds are
muffled. This line of demarcation represents the dorsal limit
of the pleural fluid. Both lung fields should be examined to
identify localized areas of consolidation. Careful percussion
of the thorax is a cheap and effective means of identifying the
presence and extent of pleural fluid accumulation.

Special examination

Ultrasonography Ultrasonographic examination of
horses suspected of having pleural effusion provides
definitive identification of presence of fluid. Thorough
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Fig. 31.21
Lung fields as detected by percussion. Short white marks
indicate normal lung fields. Long white mark indicates level of
fluid accumulation in a horse with pleuropneumonia.
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Fig. 31.22
Ultrasonogram of the left hemithorax of a horse with acute
pleuropneumonia demonstrating accumulation of fluid (F)
within the pleural space, an atelectic lung lobe (small white
arrows) and free gas within the pleural fluid (large white
arrow).The spleen (S), diaphragm (large black arrows) and
pericardial-diaphragmatic ligament (small black arrows) are
evident. Dorsal is to the right of the photograph.



ultrasonographic examination of both hemithoraces invariably
reveals the presence of excessive pleural fluid in horses in which
it is present (Fig. 31.22). It is a very sensitive technique with
which to detect accumulation of pleural fluid, determine the
character of the fluid, identify localized areas of fluid accumu-
lation or pulmonary consolidation, identify sites for thoracocen-
tesis and to monitor response to treatment.45,46 Pleural fluid
initially accumulates ventrally in acute cases, but may become
localized dorsally in chronic cases with septation of the pleural
space and trapping of fluid. Ultrasonographic examination is
much more sensitive in detecting the presence of pleural
effusion than is thoracic radiography.45

The examination is best performed using a 3.5 to 
5.0 sector scanner. Linear probes, such as those used for
routine reproductive examination, are adequate to identify
fluid but do not allow good examination of all areas of the
chest accessible with sector scanners. The entire thorax
should be examined in a systematic fashion. The presence of
and characteristics of fluid within the pleural space, presence
and location of pulmonary consolidation or abscessation and
potential sites for diagnostic and therapeutic thoracocentesis
should be identified. For horses with long-standing disease,
the area cranial to the heart should be examined for the
presence of cranial thoracic masses (abscesses). This exami-
nation requires that the horse’s ipsilateral forelimb be placed
well forward, usually with the aid of an assistant, to allow
adequate visualization of the cranial thorax.

The ultrasonographic characteristics of the pleural fluid
should be noted. Pleural fluid may contain small gas echoes, an
indication of infection with anaerobic bacteria and a poor prog-
nosis,46 strands of fibrin, or echogenic material consistent with
cellular debris (Fig. 31.22). Sterile pleural effusion, such as may
be present during the earliest stages of the disease, is clear and
homogeneous without fibrin strands. With increasing chronic-
ity the amount of fibrin increases, the parietal and visceral
pleura become thickened, and the pleural fluid becomes
echogenic consistent with the presence of cellular debris.
Regions of consolidated or atelectic lung adjacent to the visceral
pleura may be evident on ultrasonographic examination 
(Fig. 31.22), but lung consolidation deeper in the lung cannot
be visualized on ultrasonographic examination.
Radiography Radiographic examination of horses with
excessive pleural fluid reveals ventral opacity which ob-
scures the ventral diaphragmatic and cardiac silhouettes 
(Fig. 31.23). It is not possible on radiographic examination to
differentiate accumulation of pleural fluid from consolidation
of the ventral lung lobes.45 Radiographic examination may
be useful in demonstrating lesions, such as pulmonary
abscesses or consolidation, that are not confluent with the
visceral pleura and therefore not able to be detected by ultra-
sonographic examination (Fig. 31.24). The dorsal lung
regions, visible above the line of fluid and consolidation, often
have a severe interstitial opacity and evidence of broncho-
pneumonia. Pneumothorax may be present in horses in
which thoracocentesis has been performed or chest tubes have
been placed, or that have developed bronchopleural fistulae.
Thoracocentesis and tracheal aspiration Pleural fluid
should be collected by thoracocentesis of both hemithoraces
and submitted for cytologic and bacteriologic examination.

Collection of pleural fluid is essential in confirming the diag-
nosis, allowing culture of the causative bacteria, and provid-
ing a baseline cell count and protein concentration by which
to judge the success of treatment.

A tracheal aspirate should be collected and submitted for
bacteriologic and cytologic examination. Both tracheal aspi-
rates and pleural fluid should be examined in any horse with
pleuropneumonia as bacteria may be recovered from one, but
not the other, sample.47 Examination of bronchoalveolar 
lavage fluid is not useful in diagnosing pleuropneumonia in
horses.48
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Fig. 31.23
Lateral thoracic radiograph of a horse with acute
pleuropneumonia.Accumulation of fluid in the pleural space
obscures the cardiac and ventral diaphragmatic silhouette.

Fig. 31.24
Lateral thoracic radiograph of a horse with pleuropneumonia.
Abscessation within the cranial thorax is evident.



Laboratory examination

Hematology and serum biochemistry Acute pleuro-
pneumonia is characterized by leukocytosis with a mature
neutrophilia, mild to moderate anemia, hyperfibrinogen-
emia, and hypoalbuminemia.49 There are similar findings in
horses with chronic disease and hyperglobulinemia is also
usually present. Severely affected horses with acute disease
often have hemoconcentration and azotemia.

Pleural fluid and tracheal aspirates

Pleural fluid in acute cases is usually cloudy and red to yellow. It
has an increased leukocyte number (> 10.0 × 109 cells/L) com-
posed principally of degenerative neutrophils, and an abnor-
mally high protein concentration (> 2.5 g/dL, 25 g/L), and may
contain intracellular and extracellular bacteria.50 A Gram stain
of the fluid should be examined. The pleural fluid should be cul-
tured for aerobic and anaerobic bacteria. A putrid odor suggests
infection by anaerobic bacteria. Sterile pleural fluid has pH, PO2
and PCO2 and lactate, glucose and bicarbonate concentration
similar to that of venous blood.51 Infected pleural fluid is acidic,
hypercarbic and has an increased concentration of lactate and
decreased concentrations of bicarbonate and glucose compared
with venous blood.51

Tracheal aspirates have a leukocytosis comprised of
degenerate neutrophils with intra- and extracellular bacteria.
Cultures of tracheal aspirates more frequently yield growth
than do cultures of pleural fluid (90% versus 66%).47

Isolation of bacteria from tracheal aspirates or pleural
fluid may be affected by prior antimicrobial treatment. The
chances of culturing bacteria from tracheal aspirate or
pleural fluid samples may be increased by collection of
samples after withholding antimicrobials from the horse for
24 hours. While briefly withholding antimicrobials may not
be contraindicated in horses with chronic disease, it is not
recommended for horses with acute disease.

Necropsy examination

The pneumonia involves all areas of the lungs but is most severe
in the cranial and ventral regions. The pleura are thickened and
have adherent fibrin tags and there is excessive pleural fluid. The
pleural fluid contains strands of fibrin and is usually cloudy and
serosanguineous to yellow. Histologically, there is a purulent,
fibrinonecrotic pneumonia and pleuritis.

Diagnostic confirmation

The presence of excessive pleural fluid containing bacteria and
degenerate neutrophils in combination with clinical signs of
respiratory disease provides confirmation of the disease.

Diseases that cause respiratory distress and pleural effu-
sion in horses are listed in Table 31.3.

Treatment and prognosis

Therapeutic aims

The therapeutic aims are prompt institution of broad-
spectrum antimicrobial therapy, removal of infected pleural

fluid and cellular debris including necrotic lung, relief of
pain, correction of fluid and electrolyte abnormalities, relief
of respiratory distress, prevention and treatment of compli-
cations including laminitis (for discussion of complications,
see ‘Prognosis’).

Therapy

Antimicrobial therapy The prompt institution of sys-
temic, broad-spectrum antimicrobial therapy is the single
most important component of treatment of horses with
pleuropneumonia (Table 31.4). Antimicrobial therapy is
almost always started before the results of bacterial culture of
pleural fluid or tracheal aspirate are available and antimicro-
bial sensitivity of isolated bacteria determined. Use of anti-
biotics or combinations of antibiotics with a broad spectrum
of antimicrobial activity is important because of the poly-
microbial nature of most infections. The wide range of Gram-
positive and Gram-negative bacteria associated with the
disease (see ‘Etiology’) makes prediction of the susceptibility
of the causative organisms difficult. Furthermore, super-
infection with bacteria, especially Enterobacteriaceae and
obligate anaerobes, commonly occurs in horses with disease
initially caused by a single bacterial species. Administration
of drugs that are effective in the treatment of penicillin-
resistant obligate anaerobes is also important.

Antimicrobial therapy should be broad spectrum to
include coverage of the likely bacteria involved in the disease.
It should therefore provide coverage against Streptococcus
spp., Actinobacillus/Pasteurella spp., Enterobacteriaceae and
anaerobes including Bacteroides spp. A combination of peni-
cillin G, an aminoglycoside and metronidazole provides
broad-spectrum coverage and is a frequently used empirical
therapy until the results of bacterial culture are known.
Results of bacterial culture and subsequent antimicrobial
susceptibility testing may aid selection of further antimicro-
bials. However, superinfection with Gram-negative and
anaerobic bacteria is common and there is a sound rationale
for continued use of a combination of antimicrobials provid-
ing broad-spectrum coverage throughout treatment of the
disease.

Antimicrobial therapy will be prolonged in most cases,
usually being required for at least one month and often
several months. As the disease resolves it may be possible to
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Pleuropneumonia
Intrathoracic neoplasia including extension of gastric squamous
cell carcinoma
Penetrating chest wounds
Esophageal perforation
Diaphragmatic hernia
Congestive heart failure
Hemangiosarcoma (causing hemothorax)
Pulmonary hydatidosis
Pulmonary infarction
African horse sickness

Table 31.3 Diseases causing pleural effusion in horses



change from parenteral antibiotics to orally administered
antibiotics such as a combination of trimethoprim and a sul-
fonamide, although the clinical response to this combination
is sometimes disappointing.

Cessation of antimicrobial therapy should be based on 
lack of fever, nasal discharge, respiratory distress or cough,
lack of evidence of intrathoracic abscesses on ultrasono-
graphic and radiographic examination of the thorax, and
resolution of neutrophilia and hyperfibrinogenemia. There
should be no appreciable pleural fluid on ultrasonographic
examination.
Drainage of pleural fluid Chronic, effective drainage of
the pleural cavity and intrathoracic abscesses is critical for

successful treatment of horses with pleuropneumonia.52 Horses
with sterile pleural fluid may require only a single drainage of
pleural fluid. More severely affected horses may require inter-
mittent drainage on each of several days, and most cases will
require insertion of a tube into the pleural space to provide con-
tinuous drainage for several days to several weeks. Horses with
chronic disease may benefit from a thoracotomy that provides
continuous drainage and the ability to lavage the chest.
Ultrasonographic examination of the chest is very useful in
identifying the presence of pleural fluid, the optimal sites for
drainage, and the efficacy of drainage.

Intermittent drainage can be achieved by inserting a
bovine teat cannula or similar blunt cannula into the pleural
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Drug Dose, route and Comments
interval

Procaine 22 000–44 000 IU/kg, Effective against Streptococcus spp. and most anaerobes
penicillin G i.m. q 12 h with the exception of Bacteroides fragilis.Achieves low 

plasma concentrations but has prolonged duration of
action. Cheap. Synergistic with aminoglycosides. Should
not be used as sole treatment

Sodium or 22 000–44 000 IU/kg, Effective against Gram-positive organisms (except
potassium i.v. q 6 h penicillinase producing bacteria such as Staphylococcus spp.)
penicillin G and most anaerobes.Achieves high plasma concentrations.

Synergistic with aminoglycosides. Expensive

Ampicillin 11–22 mg/kg, Wider spectrum than penicillin G. Achieves high plasma
sodium i.v. or i.m., q 6 h concentrations. Synergistic with aminoglycosides

Ceftiofur sodium 2.2 mg/kg, i.m. or Wide spectrum of action against Gram-positive and
i.v. q 12 h -negative organisms and most anaerobes. Can be used as

sole treatment, though not recommended. Clinical results
sometimes disappointing

Chloramphenicol 50 mg/kg, p.o. q 6 h Good spectrum of action including anaerobic bacteria.
Poor oral bioavailability and disappointing clinical efficacy.
Use prohibited in some countries. Potential human health
hazard

Gentamicin 7 mg/kg, i.v. or Active against Staphylococcus spp. and many Gram-negative
sulfate i.m. q 24 h organisms. Inactive against anaerobes. Poor activity

against Streptococcus spp. Synergistic with penicillin

Amikacin sulfate 21 mg/kg, i.v. or Wider spectrum of Gram-negative activity than
i.m. q 24 h gentamicin. Expensive

Trimethoprim- 15–30 mg/kg, p.o. Theoretical wide spectrum of action. Disappointing clinical
sulfonamides q 12 h efficacy

Rifampin 5–10 mg/kg, p.o. Penetrates abscesses well.Active against Gram-positive
q 12 h bacteria and some Gram-negative. Must be used in

conjunction with another antibiotic (not an aminoglycoside)

Ticarcillin- 50 mg/kg, i.v. q 6 h Broader spectrum of Gram-negative activity than penicillin G.
clavulanic acid Expensive

Metronidazole 15–25 mg/kg, p.o. Active against anaerobes only. Used in conjunction with
q 6–8 h other antimicrobials (especially penicillin and 

aminoglycosides). Neurotoxicity rare

i.v., intravenous; p.o., orally; i.m., intramuscular; q, every.
Reproduced with permission from Radostits OM, Gay CC, Blood DC, Hinchcliff KW. Veterinary medicine.A textbook
of the diseases of cattle, sheep, goats, pigs and horses.WB Saunders; 1999.

Table 31.4 Antimicrobial agents and recommended doses for treatment of pleuropneumonia in horses



space. This should be done aseptically and under local anes-
thesia. If ultrasonographic examination is not available, the
cannula should be placed in the 6–8th intercostal space on
the right side or the 7–9th on the left side just above the level
of the olecranon. Pleural fluid that does not contain large
fibrin clots (which clog the cannula) can be drained and the
cannula removed. However, the process is slow if large quan-
tities of fluid must be removed. Intermittent drainage is indi-
cated when the quantities of pleural fluid are small (< 5 L),
relatively cell free, or localized. This situation is most likely to
occur in horses with acute disease.

Insertion of large bore trocars (20–30-French, 6–10 mm
outside diameter) facilitates rapid fluid removal, allows
drainage of viscid fluid and provides continuous drainage
(Fig. 31.25). The chest tube should be inserted in an aseptic
fashion under local anesthesia at sites indicated by ultra-
sonographic examination or as described above. A one-way
valve should be attached to the external end of the tube to
prevent aspiration of air and development of a pneumotho-
rax. A balloon or condom with the end removed is an effective
one-way valve. The presence of an intact, functional one-way
valve is critical in preventing development of a pneumotho-
rax. The chest tube is secured to the chest wall with a purse-
string suture. The tube may be retained for several days to a
week, but should be monitored frequently (every few hours)
and cleared of fibrin clots as needed.

Complications of drainage of pleural fluid include: col-
lapse of the animal if the fluid is removed too rapidly; 
pneumothorax; sudden death due to cardiac puncture or lac-
eration of a coronary vessel; and perforation of abdominal
viscera. Collapse can be prevented by administering fluids
intravenously during pleural fluid drainage and by removing
the fluid gradually (over a period of 30 minutes). Some horses
develop a cellulitis around the chest tube that requires the
tube be removed.

Thoracotomy or resection of a rib may be required in
chronic cases to provide drainage of intrathoracic abscesses
or chronic pleural effusion that is refractory to treatment
with antimicrobials (Fig. 31.26).52 Thoracotomy is an effec-
tive intervention in many horses with advanced pleuropneu-
monia and should not be considered an emergency or heroic
procedure. Dangers of thoracotomy include the development
of bilateral pneumothorax with subsequent death, persistent
drainage of pleural fluid through a chronic fistula, and
diminished athletic performance. Horses in which a thoraco-
tomy, and especially that involving resection of a rib, has been
performed are unlikely to return to active racing or similar
strenuous athletic endeavors.
Pleural lavage Infusion and subsequent removal of
5–10 L of warm saline or balanced polyionic electrolyte solu-
tion into the affected pleural space may be beneficial in the
treatment of cases with viscid fluid or fluid containing large
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A B C

Fig. 31.25
(A) Insertion of a chest tube into a horse with pleuropneumonia. Considerable force is necessary to advance the thick trocar into
the horse’s chest.The hand of the operator against the chest is used to control the rate at which the trocar is advanced. Once the
trocar has penetrated the parietal pleura, evident as a reduction in force needed to advance the trocar, the chest tube is advanced
over the trocar into the pleural space. (B) Pleural fluid begins to drain as the trocar is removed from the chest tube. If fluid is not
immediately apparent, the chest tube should be repositioned. (C) Attachment of a Heimlich valve or similar one-way valve will
permit free drainage of fluid from the pleural space while preventing aspiration of air.



amounts of fibrin and cell debris. The fluid can be infused
through the chest tube that is used to drain the pleural space.
Care should be taken not to introduce bacteria with the
infusion.
Supportive therapy Acutely or severely ill horses may be
dehydrated, azotemic and have acid–base disturbances.
These horses should be treated with appropriate fluids admin-
istered intravenously.

Pleuropneumonia is a painful disease and every attempt
should be made to relieve the horse’s chest pain. Non-
steroidal anti-inflammatory drugs including flunixin
meglumine (1 mg/kg, by mouth, i.m. or i.v., every 8 hours) 
or phenylbutazone (2.2 mg/kg, by mouth or i.v., every 
12 hours) often provide effective analgesia and presumably
reduce inflammation in the pleural space.

Horses should be provided with good nursing care includ-
ing a comfortable stall, free access to palatable water, and a
good diet. Affected horses will often not eat adequately and
should be tempted with fresh and nutritious fodder.

Attention should be paid to the horse’s feet to detect early
signs of laminitis and allow appropriate measures to be
taken.

Prognosis

The clinical course of the acute form of the disease may be
less than 10 days if effective therapy is instituted before the
pleural effusion becomes infected or there is substantial de-
position of fibrin in the pleural space. The prognosis for a
return to previous function is good in horses that respond to
treatment. However, in most cases, even if appropriate
therapy is instituted, the disease becomes chronic. The prog-
nosis for life for horses able to be treated aggressively is very
good (60–95%) and the prognosis for return to previous func-
tion if the horse survives is reasonable (60%).44,53 The prog-
nosis for return to previous function for horses that developed
chronic disease and complications is poor (31%).53

Complications

Complications of pleuropneumonia include development of
jugular thrombophlebitis (25% of cases), pulmonary, medi-
astinal or pleural abscesses (10–20% of cases), cranial tho-
racic mass (5–10% of cases), bronchopleural fistula (5%),
pericarditis (2%), and laminitis (1–14%).44,49,54 Intrathoracic
abscesses are evident as chronic disease, weight loss, cough,
and fever, and are readily detected by a combination of ultra-
sonographic and radiographic examination. Cranial thoracic
masses are evident as an elevation in heart rate, prominent
jugular pulse, spontaneous jugular thrombosis and forelimb
pointing. The signs are referable to a mass in the cranial
thorax displacing the heart caudally and to the left and
impairing venous return to the heart in the cranial vena
cava.54 Ultrasonographic and radiographic examination
reveals the presence of the mass. Bronchopleural fistulae
develop when a section of pulmonary parenchyma sloughs
leaving an open bronchiole that communicates with the
pleural space.55 The bronchopleural fistula can be diagnosed
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B

Fig. 31.27
Pneumothorax in a horse with pleuropneumonia. Partially
collapsed lung is evident in the dorsal thorax (arrows).

Fig. 31.26
(A) Thoracotomy in a horse with extensive pleural disease.
Most thoracotomy incisions will be smaller, but large incisions
are sometimes required if there is extensive loculation of
fluid. (B) Healed thoracotomy of horse pictured in (A).



by infusion of fluorescein dye into the pleural space and
detecting its presence at the nares, or by pleuroscopic
examination.49 Mild pneumothorax develops in horses 
with chest tubes that permit aspiration of air into the chest,
bronchopulmonary fistulae or thoracotomy (Fig. 31.27).

Etiology

Pleuropneumonia of horses is almost always associated with
bacterial infection of the lungs, pleura and pleural fluid. 
The most common bacterial isolates from tracheal aspirates
or pleural fluid of horses with pleuropneumonia are 
aerobes or facultative anaerobes including: Streptococcus 
zooepidemicus, Pasteurella spp., Actinobacillus spp., Entero-
bacteriaceae (particularly E. coli, Klebsiella spp. and Entero-
bacter spp.), Pseudomonas spp., Staphylococcus spp. and
Bordetella spp.44,47,56 S. zooepidemicus is isolated from over
60%, Pasteurella/Actinobacillus spp. from approximately 
one-third, and Enterobacteriaceae spp. from approximately
40% of cases.44,47,56

Obligate anaerobes isolated include Bacteroides spp.
(including B. fragilis), Clostridium spp., Eubacterium and
Fusobacterium spp.44,47,56 Bacteroides spp. are isolated from
approximately 20%, Clostridium spp. from 10%, and
Eubacterium spp. from 6% of horses with pleuropneumonia.47

Mycoplasma felis is an unusual cause of pleuritis in horses.57

Equine pleuropneumonia is associated with polymicrobial
infections of the lungs and pleura in 50–80% of cases,
although disease caused by infections of a single bacterial
species occurs.47,56 Infections by single bacterial species are
usually by S. zooepidemicus, Pasteurella/Actinobacillus spp., or
Enterobacteriaceae whereas almost all infections by anaer-
obes are polymicrobial.47 Infection by obligate anaerobic bac-
teria is associated with disease of greater than 5–7 days’
duration.58

Pleuritis is also caused by penetrating chest wounds, per-
forated esophagus, thoracic neoplasia and pulmonary hydati-
dosis.44,59–61 Other diseases, such as congestive heart failure,
may cause pleural effusion without inflammation.

Pathogenesis

Bacterial pleuropneumonia develops following bacterial colo-
nization of the lungs with subsequent extension of infection
to the visceral pleura and pleural space. Organisms initially
colonizing the pulmonary parenchyma and pleural space are
those normally present in the upper airway, oral cavity and
pharynx, with subsequent infection by Enterobacteriaceae
and obligate anaerobic bacteria.58 Bacterial colonization and
infection of the lower airway is attributable to either massive
challenge or a reduction in the efficacy of normal pulmonary
defense mechanisms or a combination of these factors.58

Factors that increase bacterial contamination of the lower
respiratory tract include prolonged head elevation, such as
may occur during transportation, impaired pulmonary
defense mechanisms secondary to viral respiratory tract
disease, aspiration of feed material in dysphagic horses, and

aspiration of dirt and grass during high intensity exer-
cise.58,62–64 Transportation may also impair the activity of
pulmonary defense mechanisms allowing otherwise innocu-
ous bacterial contamination to cause disease.62

Bacterial multiplication in pulmonary parenchyma is
associated with the influx of inflammatory cells, principally
neutrophils, tissue destruction and accumulation of cell
debris in alveoli and airways. Infection spreads both through
tissue and via airways. Extension of inflammation, and later
infection, to the visceral pleura and subsequently pleural
space causes accumulation of excess fluid within the pleural
space. Pleural fluid accumulates because of a combination of
excessive production of fluid by damaged pleural capillaries
(exudation) and impaired reabsorption of pleural fluid by tho-
racic lymphatics.

Accumulation of parapneumonic pleural effusions has
been arbitrarily divided into three stages: (1) exudative, 
(2) fibrinopurulent, and (3) organizational.65 The exudative
stage is characterized by the accumulation of sterile, protein-
rich fluid in the pleural space as a result of increased pleural
capillary permeability. Bacterial invasion and proliferation,
further accumulation of fluid, and deposition of fibrin in
pleural fluid and on pleural surfaces occurs if the disease does
not resolve rapidly and is referred to as the fibrinopurulent
stage. The organizational stage is associated with continued
fibrin deposition, restriction of lung expansion and persist-
ence of bacteria. The pleural fluid contains much cellular
debris and bronchopleural fistulae may develop.

Epidemiology

Pleuropneumonia occurs worldwide in horses of all ages and
both sexes, although most cases occur in horses > 1 and < 5
years of age.47 Estimates of the incidence or prevalence of the
disease are not available. The case fatality rate varies between
5 and 65%, with the higher rate reported in earlier
studies.53,66

Risk factors

The risk of a horse developing pleuropneumonia is increased
by 4 if the horse is a Thoroughbred race horse, 14 if the horse
was transported more than 500 miles in the previous week,
10 if the horse has a recent (< 2 week) history of viral respi-
ratory tract disease or exposure to a horse with such disease,
and 4 if the horse has raced within the previous 48 hours.43

Other suggested risk factors include general anesthesia,
surgery, disorders of the upper airway, exercise-induced pul-
monary hemorrhage, esophageal obstruction and dysphagia.

Prevention

Prevention of pleuropneumonia involves reduction of risk
factors associated with the disease. The main risk factors 
are other infectious respiratory disease and transportation.
Every effort should be made to prevent and treat respiratory
disease in athletic horses, including institution of effective
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vaccination programs. Horses with infectious respiratory
disease should not be vigorously exercised until signs of
disease have resolved.

Transportation of athletic horses is common and essential
for their participation in competitive events. It cannot, there-
fore, be eliminated. Every effort should be made to minimize
the adverse effects of transportation on airway health.
Recommendations for transport of horses first made in 1917
are still relevant.67,68 Updated, these recommendations
include the following:

● Not transporting a horse unless it is healthy. Horses with
fever should not be transported.

● Knowledgeable staff familiar with the horse should
accompany the horse.

● Suitable periods of rest and acclimation should be pro-
vided before recently transported or raced horses are
transported.

● The time during which horses are confined for transporta-
tion should be kept to a minimum. Horses should be
loaded last and unloaded first in flights with mixed cargo.

● The route taken should be the most direct and briefest
available.

● Horses should be permitted adequate time to rest at sched-
uled breaks. If possible, on long journeys horses should be
unloaded and allowed exercise (walking) and access to hay
and water.

● Horses should have frequent, preferably continuous,
access to feed and water during transportation.

● Horses should not be exercised after arrival until they are
free of fever, cough or nasal discharge.

● Horses should not be restrained during transportation
such that they are unable or unwilling to lower their head.

● Air quality should be optimal in the vehicle used to trans-
port the horse.

References

1. Timoney JF. Strangles. Vet Clin North Am Equine Pract 1993;
9:365–374.

2. Sweeney CR. Strangles: Streptococcus equi infection in horses.
Equine Vet Educ 1996; 8:317–322.

3. Newton JR, Wood JLN, Chanter N. Strangles: long term
carriage of Streptococcus equi in horses. Equine Vet Educ 1997;
9:98–102.

4. Newton JR, Verheyen K, Talbot NC, et al. Control of strangles
outbreaks by isolation of guttural pouch carriers identified
using PCR and culture of Streptococcus equi. Equine Vet J
2000; 32:515–526.

5. Fintl C, Dixon PM, Brazil TJ, et al. Endoscopic and
bacteriological findings in a chronic outbreak of strangles. 
Vet Rec 2000; 147:480–484.

6. Newton JR, Wood JLN, Dunn KA, et al. Naturally occurring
persistent and asymptomatic infection of the guttural pouches
of horses with Streptococcus equi. Vet Rec 1997; 140:84–90.

7. Knight AP, Voss JL, McChesney AE, Bigbee HG.
Experimentally-induced Streptococcus equi infection in horses
with resultant guttural pouch empyema. Vet Med Small
Animal Clinician 1975; 70:10, 1194–1195, 1198–1199.

8. Ford J, Lokai MD. Complications of Streptococcus equi infection.
Equine Pract 1980; 2:41–44.

9. Sweeney CR, Whitlock RH, Meirs DA, et al. Complications
associated with Streptococcus equi infection on a horse farm.
J Am Vet Med Assoc 1987; 191:1446–1448.

10. Galan JE, Timoney JF. Streptococcus equi associated immune
complexes in the sera of horses with purpura haemorrhagica.
Abstracts of papers presented at the 65th Annual Meeting 
of the Conference of Research Workers in Animal Disease
1984;  98.

11. Galan JE, Timoney JF. Immune complexes in purpura
hemorrhagica of the horse contain IgA and M antigen of
Streptococcus equi. J Immunol 1985; 135:3134–3137.

12. Newton JR, Wood JLN, DeBrauwere MN, et al. Detection and
treatment of asymptomatic carriers of Streptococcus equi
following strangles outbreaks in the UK. In: Equine infectious
diseases VIII: Proceedings of the Eighth International
Conference, Dubai, UAE. Newmarket: R and W Publications;
1998.

13. Chiesa OA, Garcia F, Domingo M, Cuenca R. Cytological and
microbiological results from equine guttural pouch lavages
obtained percutaneously: correlation with histopathological
findings. Vet Rec 1999; 144:618–621.

14. Chiesa OA, Vidal D, Domingo M, Cuenca R. Cytological and
bacteriological findings in guttural pouch lavages of clinically
normal horses. Vet Rec 1999; 144:346–349.

15. Chanter N, Collin N, Holmes N, et al. Characterization of the
Lancefield group C streptococcus 16S–23S RNA gene
intergenic spacer and its potential for identification and 
sub-specific typing. Epidemiol Infect 1997; 118:125–135.

16. Walker JA, Timoney JF. Molecular basis of variation in
protective SzP proteins of Streptococcus zooepidemicus. Am J Vet
Res 1998; 59:1129–1133.

17. Chanter N, Talbot NC, Newton JR, et al. Streptococcus equi with
truncated M-proteins isolated from outwardly healthy horses.
Microbiology 2000; 146:1361–1369.

18. Verheyen K, Newton JR, Talbot NC, et al. Elimination of
guttural pouch infection and inflammation in asymptomatic
carriers of Streptococcus equi. Equine Vet J 2000; 32:527–532.

19. Bentz BG, Dowd AL, Freeman DE. Treatment of guttural
pouch empyema with acetylcysteine irrigation. Equine Pract
1996; 18:33–35.

20. Adkins AR, Yovich JV, Colbourne CM. Nonsurgical treatment
of chondroids of the guttural pouch in a horse. Aust Vet J
1997; 75:332–333.

21. Jorm LR, Plowright W, Rossdale PD, Wade JF. Laboratory
studies on the survival of Streptococcus equi subspecies equi on
surfaces. In: Equine infectious diseases VI: Proceedings of the
Sixth International Conference, Cambridge, UK. Newmarket:
R and W Publications; 1991.

22. Burrell MH, Wood JLN, Whitwell KE, et al. Respiratory-disease
in thoroughbred horses in-training – the relationships
between disease and viruses, bacteria and environment. 
Vet Rec 1996; 139:308–313.

23. Wood JLN, Newton JR, Chanter N, et al. A longitudinal
epidemiological study of respiratory disease in racehorses:
disease definitions, prevalence and incidence. In: Equine
infectious diseases VIII: Proceedings of the Eighth
International Conference, Dubai, UAE. Newmarket: R and 
W Publications; 1998.

24. Hill AB. The environment and disease: association or
causation? Proc Roy Soc Med 1965; 58:295–300.

25. Burrell MH, Mackintosh ME, Taylor CED. Isolation of
Streptococcus pneumoniae from the respiratory tract of horses.
Equine Vet J 1986; 18:183–186.

26. Gerber H. Clinical features, sequelae and epidemiology of
equine influenza. Equine infectious diseases II: Proceedings 

694
Respiratory system



of the Second International Conference, Paris, 1969; 
63–80.

27. Whatmore AM, King SJ, Doherty NC, et al. Molecular
characterization of equine isolates of Streptococcus pneumoniae:
natural disruption of genes encoding the virulence factors
pneumolysin and autolysin. Infect Immun 1999;
67:2776–2782.

28. Blunden AS, Hannant D, Livesay G, Mumford JA. Susceptibility
of ponies to infection with Streptococcus pneumoniae (capsular
type 3). Equine Vet J 1994; 26:22–28.

29. Wood J. An epidemiological investigation of respiratory disease
in racehorses. Milton Keynes: Life Sciences: Open University;
1999.

30. Christley RM, Hodgson DR, Rose RJ, et al. A case-control 
study of respiratory disease in Thoroughbred 
racehorses in Sydney, Australia. Equine Vet J 2001;
33:256–264.

31. Wood JL, Burrell MH, Roberts CA, et al. Streptococci and
Pasteurella spp. associated with disease of the equine lower
respiratory tract [see comments]. Equine Vet J 1993;
25:314–318.

32. Newton JR, Wood JLN, Chanter N. A case control study of
factors and infections associated with clinically apparent
respiratory disease in UK racehorses. In: Proceedings of the
Society for Veterinary Epidemiology and Preventive Medicine,
Noordwijkerhout, Holland, 2001.

33. Varma KJ, Powers TE, Powers JD, Spurlock SL. Standardization
of an experimental disease model of Streptococcus
zooepidemicus in the equine. J Vet Pharmacol Ther 1984;
7:183–188.

34. Cebra CK, Heidel JR, Cebra ML, et al. Pathogenesis of
Streptococcus zooepidemicus infection after intratracheal
inoculation in llamas. Am J Vet Res 2000; 61:1525–1529.

35. Wood JLN, Chanter N, Sinclair R, Mumford JA. The
epidemiology of outbreaks of respiratory disease and poor
performance in racing Thoroughbred horses. In: Equine
infectious diseases VII: Proceedings of the Seventh
International Conference, Tokyo, Japan. Newmarket: R and W
Publications; 1994.

36. Chapman PS, Green C, Main JPM, et al. Retrospective study of
the relationships between age, inflammation and the isolation
of bacteria from the lower respiratory tract of Thoroughbred
horses. Vet Rec 2000; 146:91–95.

37. Newton JR. Epidemiological studies of inflammatory airway
disease in horses. Milton Keynes: Life Sciences: Open
University, 2002.

38. Wood JLN, Chanter N. Can washing keep the lungs clean?
Equine Vet Educ 1994; 6:220–222.

39. Wood JLN, Burrell MH, Roberts CA, et al. Streptococci and
Pasteurella spp. associated with disease of the equine lower
respiratory-tract. Equine Vet J 1993; 25:314–318.

40. Wood JL, Chanter N, Newton JR, et al. An outbreak of
respiratory disease in horses associated with Mycoplasma felis
infection. Vet Rec 1997; 140:388–391.

41. Anzai T, Walker JA, Blair MB, et al. Comparison of the
phenotypes of Streptococcus zooepidemicus isolated from 
tonsils of healthy horses and specimens obtained from foals
and donkeys with pneumonia. Am J Vet Res 2000;
143:277–279.

42. Ward CL, Wood JLN, Houghton SB, et al. Actinobacillus and
Pasteurella species isolated from horses with lower airway
disease. Vet Rec 1998; 143:277–279.

43. Austin SM, Foreman JH, Hungerford LL. Case-control study of
risk-factors for development of pleuropneumonia in horses. 
J Am Vet Med Assoc 1995; 207:325–328.

44. Collins MB, Hodgson DR, Hutchins DR. Pleural effusion
associated with acute and chronic pleuropneumonia and

pleuritis secondary to thoracic wounds in horses – 43 
Cases (1982–1992). J Am Vet Med Assoc 1994;
205:1753–1758.

45. Reef VB, Boy MG, Reid CF, Elser A. Comparison between
diagnostic ultrasonography and radiography in the evaluation
of horses and cattle with thoracic disease: 56 cases
(1984–1985). J Am Vet Med Assoc 1991; 198:2112–2118.

46. Reimer JM, Reef VB, Spencer PA. Ultrasonography as a
diagnostic aid in horses with anaerobic bacterial
pleuropneumonia and/or pulmonary abscessation: 27 cases
(1984–1986). J Am Vet Med Assoc 1989; 194:278–282.

47. Sweeney CR, Holcombe SJ, Barningham SC, Beech J. Aerobic
anaerobic bacterial isolates from horses with pneumonia or
pleuropneumonia and antimicrobial susceptibility patterns of
the aerobes. J Am Vet Med Assoc 1991; 198:839–842.

48. Rossier Y, Sweeney CR, Zeimer EL. Bronchoalveolar lavage
fluid cytologic findings in horses with pneumonia or
pleuropneumonia. J Am Vet Med Assoc 1991;
198:1001–1004.

49. Byars TD, Becht JL. Pleuropneumonia. Vet Clin North Am:
Equine Pract 1991; 7:63–78.

50. Cowell RL, Tyler RD, Clinkenread KD, Macallister CG.
Collection and evaluation of equine peritoneal and 
pleural effusions. Vet Clin North Am: Equine Pract 1987;
3:543–561.

51. Brumbaugh GW, Benson PA. Partial pressures of oxygen and
carbon dioxide, pH, and concentrations of bicarbonate, lactate
and glucose on pleural fluid from horses. Am J Vet Res 1990;
51:1032–1037.

52. Schott HC, Mansmann RA. Thoracic drainage in horses.
Compend Cont Educ Pract Vet 1990; 12:251–261.

53. Seltzer KL, Byars TD. Prognosis for return to racing after
recovery from infectious pleuropneumonia in thoroughbred
racehorses – 70 Cases (1984–1989). J Am Vet Med Assoc
1996; 208:1300.

54. Byars TD, Dainis CM, Seltzer KL, Rantanen ND. Cranial
thoracic masses in the horse: a sequel to pleuropneumonia.
Equine Vet J 1991; 23:22–24.

55. Boy MG, Sweeney CR. Pneumothorax in horses: 40 cases
(1980–1997). J Am Vet Med Assoc 2000; 216:1955–1959.

56. Sweeney CR, Divers TJ, Benson CE. Anaerobic bacteria in 
21 horses with pleuropneumonia. J Am Vet Med Assoc 1985;
187:721–724.

57. Morley PS, Chirino-Trejo M, Petrie L, et al. Pericarditis and
pleuritis caused by Mycoplasma felis in a horse. Equine Vet J
1996; 28:237–240.

58. Raidal SL. Equine pleuropneumonia. Br Vet J 1995;
151:233–262.

59. McGorum BC, Railton DI, Clarke CJ, et al. Pleuropnuemonia
associated with pulmonary hydatidosis in a horse. Equine Vet J
1994; 26:249–250.

60. Dechant JE, MacDonald DG, Crawford WH, O’Connor BP.
Pleuritis associated with perforation of an isolated
oesophageal ulcer in a horse. Equine Vet J 1998;30:170–172.

61. Mair TS, Brown PJ. Clinical and pathological features of
thoracic neoplasia in the horse. Equine Vet J 1993;
25:220–223.

62. Raidal SL, Bailey GD, Love DN. Effect of transportation on
lower respiratory-tract contamination and peripheral-blood
neutrophil function. Aust Vet J 1997; 75:433–438.

63. Raidal SL, Love DN, Bailey GD. Inflammation and increased
numbers of bacteria in the lower respiratory-tract of horses
within 6 to 12 hours of confinement with the head elevated.
Aust Vet J 1995; 72:45–50.

64. Raidal SL, Love DN, Bailey GD. Effect of a single bout of
high-intensity exercise on lower respiratory-tract
contamination in the horse. Aust Vet J 1997; 75:293–295.

695
31 Bacterial infections of the respiratory tract of athletic horses



65. Chaffin MK, Carter GK. Equine bacterial pleuropneumonia.
Epidemiology, pathophysiology, and bacterial isolates.
Compendium on Continuing Education for the Practicing
Veterinarian 1993; 15:1642–1650.

66. Raphel C, Beech J. Pleuritis secondary to pneumonia or lung
abscessation in 90 horses. J Am Vet Med Assoc 1982;
181:805–810.

67. Watkins-Pitchford H. An enquiry into the horse disease
known as septic or contagious pneumonia. Vet Rec 1917;
73:345–362.

68. Racklyeft DJ, Raidal S, Love DN. Towards an understanding of
equine pleuropneumonia: factors relevant for control. Aust
Vet J 2000; 78:334–338.

696
Respiratory system



surprising) contenders for that title. For example, as seen in
Fig. 32.1, compared with the Thoroughbred race horse
(65 km/h, 40 miles/h), the cheetah can achieve speeds in
excess of 70 miles/h (120 km/h) and several species of ante-
lope as well as the blackbuck, gnu and ostrich are all faster
than the horse (fastest human ~27 miles/h, 43 km/h). The
fastest horses ever clocked are Quarter Horses which may
reach speeds of 50–55 miles/h (90 km/h).1 Because body
length determines the distance that individual muscles
shorten, it might be more appropriate to judge athletic ability
in terms of speed relative to body length.2 From this perspec-
tive, the Merriam kangaroo rat is superlative, achieving 110

The horse is often considered one of, if not the, premier
athletic mammalian species. However, depending upon the
criterion used there are other distinct (and sometimes
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Fig. 32.1
Approximate maximum speeds for a variety of terrestrial mammalian species and the ostrich. Please note that the Quarter Horse
has been clocked close to 90 km/hr (55 miles/h)1 whereas maximal speeds for the Thoroughbred as seen in this figure with rider are
somewhat lower. For converting to other commonly used units: 10 km/h = 6.2 miles/h or 2.8 m/s.



body lengths per second which is three times faster than the
cheetah (32 length/s) and an order of magnitude faster than
the horse (~10 length/s).

Within humans, the aerobic capacity or maximal oxygen
uptake (V

•

O2max) is considered an excellent (though by no
means the sole) indicator of performance for running events
over 1 minute in duration. Across the spectrum of terrestrial
mammalian species, aerobic capacity increases over five
orders of magnitude as a function of body size from approxi-
mately 0.001 L/min in the 2-g Etruscan shrew (world’s
smallest mammal) to in excess of 80 L/min in the elite
Thoroughbred race horse. Whereas it is possible that a large
rapidly walking elephant may have a higher total V

•

O2, this
remains to be demonstrated. When aerobic capacity is
expressed relative to body mass, the diminutive Etruscan
shrew (~ 400 mL O2/kg/min)2,3 reigns supreme as this
measure of performance decreases systematically with
increasing body mass. Amongst the larger animals, the
pronghorn antelope (~ 300 mL O2/kg/min)4 and the horse
(> 200 mL O2/kg/min)2,5 are outstanding and each can
consume more O2 in toto and per unit body mass than any
other mammal of their respective sizes.

This chapter addresses the structural and functional
capacities of the cardiovascular system that permit the horse

to achieve such prodigious O2 flows and athletic perform-
ances. As we shall see, a large, high-capacity heart is
requisite. Whereas animals such as the shrew and pronghorn
antelope have evolved in accordance with the laws of nature,
the horse has been subjected to several thousand years of
selective breeding (Fig. 32.2)6 based upon athletic perform-
ance. As detailed below, this practice has produced a dispro-
portionate increase in the horse’s heart size and pumping
capacity (cardiac output, Q

•

) compared to lung capacity; the
consequence of this is a structural and functional failure of
the respiratory system during maximal exercise.

The purpose of this chapter is to present those features of
the equine heart and cardiovascular system that facilitate
this animal’s extraordinary performance. Those mechanisms
underlying respiratory system failure will be discussed as
they relate intimately to the cardiovascular system.
Particular attention will be afforded to the plasticity of the
equine cardiovascular system to exercise training and
although such changes are important, compared with the
magnitude of inherited interanimal variations, they are
relatively modest. Throughout this chapter and contingent
upon available data, reference will be made to several other
species including the human, dog, ox, and camel as a basis for
comparison (Fig. 32.3).7
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Fig. 32.2
Chaldean pedigree chart (circa 4000 BC) demonstrating that selective breeding of horses was practiced at least 6000 years ago.
(Reproduced with kind permission from Lyons and Petrucelli6 and the World Health Organization, Geneva.)



Role of the heart and 
cardiovascular system in
setting aerobic capacity
V·O2max

The energetic capability of skeletal muscle is so high that it
far surpasses the capacity of the respiratory and cardio-
vascular systems to deliver O2. In Thoroughbreds skeletal
muscle comprises over 50% of body mass8 and aerobic
capacity (V

•

O2max) (at least of Standardbreds) increases as a
function of fat-free mass.9 Moreover, under many conditions
V

•

O2max is considered to be O2-supply limited because the mito-
chondrial oxidative enzyme capacity for utilizing O2 exceeds
that of the cardiorespiratory systems to deliver O2. In support
of this notion, there is strong evidence that increasing muscle
O2 delivery during intense exercise will elevate V̇O2max.
Specifically:

1. Breathing high O2 mixtures elevates arterial O2 content
and V

•

O2max in horses10 and humans.11

2. With respect to equine V
•

O2max, there is recent evidence that
horses run to maximal speeds on an incline (6°) exhibit
higher cardiac output (Q

•

) (Fig. 32.4) and V
•

O2max values
than on the flat. This increased Q

•

and V
•

O2max results from
an elevated stroke volume12 and may relate to greater
hindlimb muscle recruitment, greater swings in intra-
pleural pressures (higher tidal volume) aiding heart
function, and/or increased hydrostatic pressures improv-
ing muscle blood flow.

3. Pericardectomy elevates stroke volume, cardiac output
and V

•

O2max in dogs13 and pigs.14

4. Restricting the exercising muscle mass in humans to
2–3 kg (knee extensors) rather than the 15–20 kg
recruited during running or cycling elevates mass specific
V

•

O2.15,16

5. Blood doping (reinfusion of autologous red cells) elevates
V

•

O2max in humans.17

Several steps in the pathway of O2 from the atmosphere to
its site of utilization within muscle mitochondria may limit
the achievable V

•

O2max.18,19 These include O2 diffusion across
the blood–gas barrier in the lungs, conductive transport of O2
in the blood (cardiac output, Q

•

, and O2 concentration, CaO2)
and diffusion of O2 from the skeletal muscle capillary into the
myocyte. The coordinated function of respiratory, cardio-
vascular and muscular systems provides for rapid changes in
O2 flux from lungs to mitochondria (Fig. 32.5) and in most
species, including the horse, human, and dog, the strongest
determinant of V

•

O2max is the capacity of the cardiovascular
system to transport O2 (i.e. Q

•

O2, Fig. 32.6). However, during
maximal exercise in the horse other steps in the O2 pathway
also become limiting in large part because of the dis-
proportionality between the cardiovascular and respiratory
systems. For example, O2 loading in the lung is impaired and
arterial hypoxemia becomes manifested (see ‘Cardiovascular
physiology and responses to exercise’ below). In addition, the
ability to offload O2 in the muscle capillary is limited by the
finite O2 diffusing capacity of skeletal muscle which is deter-
mined by the capillary bed and blood flow within those
capillaries. Fig. 32.7 integrates the conductive and diffusive
elements of O2 transport to demonstrate how the horse
achieves its very high V

•

O2max.
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Fig. 32.3
Relative maximum speed in m/s of
the four main athletic species. For
converting to other commonly
used units: 10 m/s = 36 km/h or
22 miles/h. (Revised from Derman
& Noakes.7)
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Fig. 32.4
Running on an incline (6°) significantly increases cardiac
output at maximal exercise (Q̇ peak) and also elevates V̇O2max.
(Redrawn from McDonough et al.12)



Conductive O2 transport (lungs to muscle) Given that
high rates of O2 delivery (Q

•

O2) are of paramount importance
for achieving this high V

•

O2max, it is instructive to break down
the components of Q

•

O2:

O2 delivery = cardiac output × arterial O2 content
Q̇ O2 = Q̇ × CaO2

Q̇ = HR × SV
Therefore,

CaO2 = ([Hb] × 1.34 × %Sat) + ~ 0.3 mL/100 mL dissolved O2

Q̇ O2 = HR × SV × [Hb] × 1.34 × %Sat
Q̇ O2 = Heart rate × stroke volume × hemoglobin concentra-

tion × O2 binding capacity of Hb × % of O2 binding
sites filled

In the horse during maximal exercise, SV is determined princi-
pally by heart size and HR may approach 240 beats/min which
is unusually high for such a large animal. Circulating hemo-
globin concentration ([Hb]) increases nearly twofold above rest
as red blood cells are released from the large muscular spleen in
response to increased sympathetic activity. Table 32.1 demon-
strates that the size of the heart and spleen is relatively larger in
the horse than in either the ox or man. Relative heart size in the
athletic dog approaches that found in the horse, but the horse
is unusual in that the spleen is so large. Note that in the horse,
the proportion of skeletal muscle is very high (close to 50%)
and the lungs are relatively small (particularly with respect to
heart size, see ‘Cardiovascular physiology and responses to
exercise’ below). A comparison between actual heart size and
V

•

O2max in the athletic horse and human is shown in Fig. 32.8.
Diffusive O2 transport within muscle V

•

O2max is the
product of Q

•

max and the extraction of O2 primarily by the
muscles as described by the Fick equation:
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Fig. 32.5
Illustration of the pathway for oxygen (O2) from the atmosphere to its site of utilization within muscle mitochondria.The cogs
demonstrate that the respiratory (lungs), cardiovascular (heart and blood vessels), and muscle systems must increase O2 flux in a
tightly coordinated fashion to effectively deliver adequate O2 to facilitate muscular performance. Q̇O2, mitochondrial O2 delivery;
V̇O2, oxygen uptake; V̇CO2, CO2 output, SV, stroke volume; HR, heart rate; V

T
, tidal volume; f, breathing frequency; CO2, carbon

dioxide; Creat, creatine; Pyr, pyruvate; Lac, lactate; Q̇CO2, mitrochondrial carbon dioxide production. (Upper panel redrawn from
Wasserman et al 1994.20)

Fig. 32.6
Relationship between increased O2 delivery (Q̇O2) and
maximal oxygen uptake (V̇O2) after bedrest and exercise
training in five humans (Redrawn from Saltin et al.21)
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V
•

O2max = Q
•

max × (CaO2 – CvO2)

where CaO2 and CvO2 denote arterial and mixed venous O2
contents. Figure 32.7 demonstrates that the effective muscle
diffusing capacity (estimated by the slope of the line projecting
from the origin) determines the level to which CvO2 will fall at
maximal exercise (i.e. extraction) and also the V

•

O2max. The
section ‘Cardiovascular physiology and responses to exercise’
details the determinants of muscle diffusing capacity.

This chapter deals primarily with horses in their athletic
prime and considers their maximal capacities irrespective of
age per se. In this respect, horses increase their cardiovas-
cular (Fig. 32.9) and muscle oxidative enzyme (Table 32.2)
capacities substantially during their first 3 years. Thus, 3- to
4-year-old horses have larger hearts,23,25 and a lower HR23

(larger stroke volume) at a given running speed, as well as a
reduced blood lactate response to submaximal running
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PvO2 = 15 mmHg

Q (CaO2 – CvO2)

O2 delivery (Q x CaO2)

VO2max = 82 L/min

(A)

(B)

Fig. 32.7
Determination of maximal O2 uptake (V̇ O2max) by conductive
(Q̇ O2) and diffusive movement of O2 by the cardiovascular and
muscle microcirculatory systems (“Wagner” diagram18).The
curved line denotes mass balance according to the Fick
principle and the straight line from the origin represents Fick’s
law of diffusion. DO2 is effective diffusing capacity and K is a
constant that relates venous PO2 to mean capillary PO2. PvO2,
CaO2, and CvO2 are the partial pressure of venous O2 and the
concentrations of O2 in arterial and venous blood,
respectively. V̇ O2max occurs at the intersection of the two
relationships. (A) is a general schematic whereas (B) presents
actual values for a very fit Thoroughbred at maximal exercise.
Understanding the conductive and diffusive determinants of
V̇ O2max is essential for interpreting the structural and
functional mechanisms that increase V̇O2max with exercise
training (see p. 720). See text for additional details.
((A) redrawn from Wagner et al.18)

Horse Dog Ox Man

Spleen 0.2–1.1 0.3 0.2 0.3

Heart 0.7–1.1 0.8 0.4 0.5

Lungs 0.9–1.5 0.9 0.7 1.4

Table 32.1 Relative comparison of the weight of organs key to
the loading and transport of O2 as a % of body weight. (Data
from Webb & Weaver22)

Heart weight

220 mL/kg/min

VO2max
.

130 mL/kg/min

80 mL/kg/min

40 mL/kg/min

20 g/kg

9 g/kg

4 g/kg

Fig. 32.8
Comparison of heart size (per kg body weight) and V̇O2max
ranges within healthy human and equine populations. Note
that exercise training increases heart size and weight and also
V̇O2max (see Table 32.7 for references).



speeds (Fig. 32.10).23 The mechanistic bases for these last
two alterations as they relate to increased heart size and vas-
cular adaptations which improve muscle O2 delivery and
exchange are encompassed within the training section of this
chapter (‘Exercise training’).

Anatomy of the 
cardiovascular system

Heart size

The size of the heart is a key determinant of maximum stroke
volume, cardiac output, and hence aerobic capacity and exer-
cise performance (Figs 32.11–13). This relationship has been
documented in humans by examination of the electrocardio-

gram (ECG), ultrasound, radiographs, and post-mortem
examination of heart size. For example, Paavo Nurmi, multi-
ple Olympic champion distance runner reportedly had a
heart mass nearly three times larger than predicted for his
body size. At post-mortem, the heart of the seven-time
Boston Marathon winner Clarence DeMar, who died of a
nonmyocardial cancer, was substantially larger than normal
and his coronary arteries were threefold larger than found in
his nonathletic counterparts.27

In horses, heart mass approximates 0.9–1% of body mass,
which is greater than that for other nonathletic species
(Fig. 32.14) and may be as much as 1.1% of body mass in
trained horses.22 Amongst different horse breeds, racing horses
have proportionally larger hearts (Fig. 32.14) and Table 32.3
lists some famous horses and their heart weights. The heaviest
horse heart actually weighed was that of Sham at 18 lb
(8.2 kg), who was consistently runner-up to Secretariat.
Secretariat was a Triple Crown winner and holds the track
record at Belmont Park (2 min 24.4 s for 1.5 miles on turf).
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Enzyme activities (mmol/kg/min)

Thoroughbreds Standardbreds

Age Sex No. CS HAD LDH No. CS HAD LDH

1 M 20 31 20 1793 10 29 29 1936
1 S 21 32 18 1714 15 30 23 1927
2 M 23 44 22 1558 11 35 31 1938
2 S 20 42 22 1458 14 42 25 1639
3 M 21 64 31 1549 12 55 31 1362
3 S 17 58 31 1515 15 54 33 1317
4–6 M 17 67 31 1490 15 56 33 1669
4–6 S 24 67 38 1397 15 68 34 1460
Age XXX XXX XX XXX NS XXX
Sex NS NS NS NS NS NS
Note: Significance over the four age groups: XX, P < 0.01; XXX, P < 0.001; M, mare (filly); S, stallion (colt).

Table 32.2 Citrate synthase (CS), 3-hydroxy-Acyl CoA dehydrogenase (HAD), and lactate dehydrogenase (LDH) activities in the middle
gluteal muscle of Thoroughbreds and Standardbreds of different ages. (Reproduced with kind permission from Snow & Valberg24)
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Fig. 32.9.
Reduction in heart rate response to running as a function of
age which reflects increased heart size and stroke volume at
2–4 years of age in comparison with 1 year olds. (Redrawn
from Rose et al.23)

Fig. 32.10
Decreased blood lactate response to submaximal running
speeds as horses age from 1 to 3 and 4 years. (Redrawn from
Rose et al.23)



Tragically, Secretariat’s heart was never weighed. However, the
same pathologist, Dr Thomas Swerczek, who weighed Sham’s

heart estimated that Secretariat’s heart weighed 22 lb (10 kg)
and he considered it to be in perfect condition.27 If that weight
is correct, Fig. 32.13A predicts that Secretariat may have
achieved a cardiac output in excess of 500 L/min and Fig.
32.13B a V

•

O2max over 120 L/min! To place heart size in visual
perspective, Fig. 32.15 compares Key to the Mint’s 15.8 lb
(7.2 kg) heart to that of an unexceptional stallion.

Given the crucial importance of heart size in setting ath-
letic potential, there has been great interest in establishing a
convenient and accurate noninvasive method of estimating
this variable in horses. The mean/average duration of the
QRS complex (in ECG leads I, II, and III, Fig. 32.16) has been
shown to correlate with heart mass at autopsy and also
racing performance.28 Thus, larger hearts have a wider QRS
complex and the so-called ‘heart score’ measured in milli-
seconds has been related to heart mass and subsequently
predicted stroke volume and cardiac output as shown in
Tables 32.4 and 32.5. It should be noted, however, that other
studies have not been able to confirm the relationship
between heart score and heart mass.29–33 Based upon the
inheritance of heart scores in race horses,34 there is currently
great interest in identifying the gene, located on the 
X-chromosome, that codes for heart mass.27

An important feature of the equine heart that may con-
tribute to exercise-induced pulmonary hypertension con-
cerns the disparity in size of the right and left atrioventricular
(AV) valves. Specifically, at Kansas State University Professors
M. Roger Fedde and Howard H. Erickson (unpublished
findings) have determined that the cross-sectional area of the
left AV valve is only 63% that of the right AV valve (i.e. 38.1

705
32 Heart and vessels: function during exercise and response to training

Pulmonary veins

Right atrium

Tricuspid valve
(right AV)

Chordae tendineae

Right ventricle

Moderator band

Papillary muscle

Left ventricle

Chordae tendineae

Bicuspid valve
(left AV)

Aortic valve

Left atrium

Aorta

Ventricular septum       Moderator band

Fig. 32.11
Cross-section of the equine heart
showing principal anatomic
structures.AV, atrioventricular valve
(see Fig. 32.12).

RA

SAN

AVN

LA

RV LV

H

Fig. 32.12
Conduction system of the equine heart which is composed of
specialized cardiac muscle fibers rather than nerves. Note the
extensive arborization of the Purkinje fibres across the
ventricular walls that is characteristic of the horse heart and
which results in effective depolarization from multiple points.
SAN, sinoatrial node; RA, right atrium; LA, left atrium;AVN,
atrioventricular node; H, bundle of His; RV, right ventricle; LV,
left ventricle. (Courtesy of R. Hamlin).



vs. 60.8 cm2). As the smaller cross-sectional area will sub-
stantially elevate resistance to blood flow, this is expected to
raise left atrial, pulmonary venous, pulmonary capillary, and,
ultimately, pulmonary arterial pressures.

Spleen

As shown above, O2 delivery depends not only upon cardiac
output (Q̇) but also upon arterial O2 content (CaO2), and the
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Fig. 32.13
Relationship between heart size and cardiac output (Q̇) (A) and V̇O2 and cardiac output at maximum exercise (B). (A) The solid
symbols are determined from the data of Evans & Rose (1988),26 the hollow symbols are determined from that relationship and the
measured or estimated (Secretariat) heart weights published for each named horse.27 (B) An arterial–venous O2 difference of
22.8 mL/100 mL of blood is assumed to estimate V̇O2max values for Secretariat and Sham. The echocardiographic data of Young et al5

are consistent with this relationship. Note Secretariat’s extraordinary cardiac output (~ 540 L/min) and V̇O2max (over 120 L/min
which would be 240 mL O2/kg/min at 500 kg bodyweight).
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Name of horse Heart Heart 
(color, sex, year of birth) weight score

lb kg
(m/s)

Secretariat (ch.s. 1970) 22 10
Sham a (ch.s. 1970) 18 8.2
Mill Reef a (b.s. 1968) 16.9 7.7
Key to the Mint (b.s. 1969) 15.8 7.2 157
Easy Goer (ch.s. 1986) 15 6.8
Althea (ch.m. 1981) 15 6.8
Eclipse (ch.s. 1764) 14 6.4
Phar Lap (ch.g. 1926) 14 6.4
Star Kingdom (ch.s. 1946) 14 6.4
Tulloch (b.s. 1954) 13.5 6.2 136
Killaloe (b.m. 1970) 12.9 5.9
Northern Dancer (b.s. 1961) 150
Soviet Problem (ch.m. 1990) 150
Moscow Ballet (b.s. 1982) 147
The Last Red (ch.m. 1993–twin) 140
Desert Secret (b.s. 1990) 140
Hyperion (ch.s. 1930) 133
Vo Rouge (b.g. 1983) 130
a Same pathologic enlargement (may add 2–3 lbs to heart weight).
b, bay; ch, chestnut; g, gelding; m, mare; s, stallion.

Table 32.3 Heart weights and heart scores of famous race
horses. (Reproduced with kind permission from Haun27)

Fig. 32.14
Heart ratio (heart weight as a percentage of bodyweight) with
standard deviations for racing,Arabian, stock and draft horses.
Note that after training, heart ratio may reach 1.1% or
higher.22 (Revised from Kline and Foreman.28)



equine spleen is of paramount importance for setting the
horses high exercising blood hemoglobin concentration
([Hb]) and thus CaO2. Splenic contraction may dump 12 L or
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Fig. 32.15
Comparison of
Key to the Mint’s
heart on the left
(15.8 lb (7.2 kg),
heart score, 157)
compared with
that of an
unremarkable
stallion on the
right (12 lb
(5.5 kg)).
(Reproduced with
kind permission
from Haun27 and 
Dr Thomas
Swerczek)
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Fig. 32.16
The heart score is calculated from the width of the QRS
complex (in milliseconds) on the electrocardiogram shown
above. In general, the larger the heart the wider the QRS
complex and the greater the heart score. See text for further
details. (Reproduced with kind permission from Haun.27)

Heart score Heart weight
(m/s)

lb kg

100 6.6 3.0
110 7.36 3.35
120 10.12 4.6
130 11.88 5.4
140 13.64 6.2
150 15.4 7.0
160 17.16 7.8

Table 32.4 Relationship derived between heart weight and heart
score. (Reproduced with kind permission from Haun27)

Heart Heart Stroke Cardiac 
score weight volume output
(m/s) (kg)a (L)a (L/min at max

exercise)b

100 3.0 0.5 100
110 3.8 0.75 150
120 4.6 1.0 200
130 5.4 1.25 250
a Estimated by Steel (unpublished data 1977).
b Assuming a heart rate of 200 beats/min.

Table 32.5 Relationships derived among heart score, heart
weight, and stroke volume and cardiac output at maximal exercise



more of red cells into the circulation, thereby doubling 
the number of circulating red blood cells.35–38 In keeping
with the importance of Q

•

O2 in determining racing perform-
ance, splenectomy reduces V

•

O2max by over 30% in the
Thoroughbred.37 Splenic reserve is correlated with spleen
weight and total blood volume but not body mass 
per se.32,35,38 Racing horses have a significantly greater
splenic mass than non-racing breeds, i.e. Arabian, stock,
draft28 (Fig. 32.17).

Systemic circulation and 
microcirculation

In the Thoroughbred, total blood volume approximates 10%
of body mass39,40 and of this approximately 50 L of blood,
75% resides in the systemic circulation of which 60% is in
the highly distensible venous system and only 15% in the
arteries. Depending upon the activity undertaken (e.g. diges-
tion, thermal stress, exercise) the cardiovascular system must
redistribute Q

•

amongst the appropriate organs. Physical exer-
cise produces the most profound physiological stress to the
horse and as shown in Fig. 32.18, the percentage of Q

•

that
perfuses the splanchnic region and kidneys is reduced from
~ 50% at rest to only 5% at maximal exercise. By contrast,
exercising skeletal muscle may receive 80–90% of Q

•

com-
pared with only 10–20% at rest. Such flexible and precise
control over blood flow distribution demands a network of
powerful muscular arterioles that provide the principal resist-
ance to flow in the systemic circulation and which can dilate
or constrict rapidly in response to the vasoactive effects of

muscle metabolites, prostacyclins, and nitric oxide (dilation)
or sympathetic stimulation, angiotensin and endothelin
(constriction). From rest to maximal exercise, skeletal muscle
blood flow may increase over 60–70-fold. Although the per-
fusion pressure does increase substantially, elevated muscle
vascular conductance (dilation) constitutes the primary
mechanism by which the increased muscle blood flow (Q

•

m) 
is achieved and this response is detailed in the section
‘Cardiovascular physiology and responses to exercise’ below.
Following a systematic series of bifurcations through several
orders of progressively narrower arterioles, the vascular tree
ramifies into a series of capillaries which form the principal
site for blood–tissue exchange (Fig. 32.19). The capillary wall
is devoid of smooth muscle and presents a barrier typically
less than 1 �m thick between the capillary blood and the
myocyte sarcolemma. The density, volume, and surface area
of the skeletal muscle capillary bed is correlated closely with
oxidative capacity and thus muscle fiber type.44,45 In equine
muscle (transverse section across fibers), there may be
between 400 and 800 capillaries per square millimeter with
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Fig. 32.17
Spleen ratio (spleen weight as a percentage of body weight)
with standard deviations for racing,Arabian, stock and draft
horses. (Revised from Kline & Foreman.28)
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Fig. 32.18
Distribution of cardiac output (Q̇) at rest and during maximal
exercise. In the highly trained, very fit Thoroughbred, it is
possible that skeletal muscle blood flow may reach as much as
90% of cardiac output. (Values from Erickson.41)



a mean diameter of 4–6 �m42,46 and these contain over 80%
of the intramuscular blood volume. As we shall see in the
Section ‘Cardiovascular physiology and responses to exercise’

below, the capillary volume is crucial for setting red blood cell
transit time in the capillary and facilitating O2 offloading
during exercise (or loading in the pulmonary capillary).
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A

Fig. 32.19
The capillary bed of skeletal muscle possesses a
complex three-dimensional geometry with extensive
branching and capillaries that become extremely
tortuous at short muscle sarcomere lengths 
forming a convoluted network around the fibers.
(A, B) Light micrographs of pony vastus medialis
muscle perfusion-fixed at 1.90 �m sarcomere 
length and cut transverse (A) and longitudinal 
(B) to the fiber longitudinal axis. Capillaries have
been flushed clear of red cells and appear white
surrounding the perimeter of the individual muscle
fibers (A).A, B scale bar = 25 �m. (C, D) Corrosion
casts (muscle fibers have been corroded away) of
the mouse soleus muscle that demonstrates
superbly the three-dimensional geometry of the
muscle capillary bed. (A and B reproduced with 
kind permission from Mathieu-Costello et al;42

C and D reproduced with kind permission from
Ishikawa.43)

B C

50 μm

D 100 μm



Pulmonary circulation and 
microcirculation

At rest, the pulmonary circulation holds about 20% of total
blood volume (mostly in larger compliant vessels rather than
the capillaries) which decreases at exercise onset. Because the
pulmonary circulation has to accept the whole output of the

right ventricle, it is a low-pressure, high-conductance system
with arteries and arterioles that are far less muscular than
seen for the systemic circulation. Approximately half of the
pulmonary vascular resistance is precapillary and the capil-
laries themselves constitute an important site of resistance
particularly at high lung volumes and when alveolar pres-
sure is positive during breathhold or forced exhalation.

The pulmonary vasomotor tone can be influenced by a
variety of neural and humoral factors. Specifically, pul-
monary arteries have both sympathetic and parasympathetic
innervation and respond to serotonin, epinephrine, nor-
epinephrine, isoproterenol, acetylcholine, angiotensin II,
leukotrienes, prostacyclins, histamine, thromboxane, brady-
kinin, and arachidonic acid. However, as seen in Fig. 32.20,
the horse has relatively little pulmonary vascular smooth
muscle compared with cattle and pigs.47 Thus, the horse
exhibits only a weak vasoconstrictive response which is most
evident in the low susceptibility of the horse to pulmonary
hypoxic vasoconstriction but which causes a profound pul-
monary hypertension in cattle and pigs at altitude. During
exercise, the elevated pulmonary arterial pressures induce
recruitment and distension of the vascular bed which
reduces vascular resistance, elevates vascular conductance,
and increases pulmonary capillary volume (Fig. 32.21).
Despite this elevated conductance, pulmonary vascular pres-
sures do become extraordinarily high during maximal
exercise (see ‘Cardiovascular physiology and responses to
exercise’ below).

The pulmonary capillaries form a dense plexus around
each alveolus and, unlike their systemic counterparts, are
not embedded within a supporting tissue matrix and thus are
subject to collapse at positive alveolar pressures particularly
when perfusion pressure is low. In the horse, these vessels are
about 6–7 �m in diameter49 (which is narrower than found
in dog or rabbit lungs) and have a total wall thickness
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Species variation in the muscle thickness in the walls of small
pulmonary arteries and the change in pulmonary arterial
pressure evidenced during hypoxic exposure. Note that the
horse has far less muscle (and thus change in pulmonary
arterial pressure) than the cow and the pig when exposed to
hypoxia. (Redrawn from Robinson.47)
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Fig. 32.21
Elevated pulmonary arterial pressure reduces pulmonary vascular resistance because it forces a recruitment of previously 
non-perfused vessels and distends those vessels recruited. (Revised from West.48)



(capillary endothelium, basement membrane, alveolar epi-
thelium) which averages only 0.9 �m (Fig. 32.22). Con-
sequently, even at relatively low transmural pressures
(positive luminal plus negative alveolar) these vessels bulge
into the alveolar space and may rupture during exercise
(exercise-induced pulmonary hemorrhage). Pulmonary cap-
illary blood volume constitutes only a very small fraction of
that present in the pulmonary circulation, which confers the
advantage of maximizing blood-gas spatial contact but has
the consequence of limiting red blood cell transit time in the
capillary. Pulmonary capillary blood volume in the horse is
60–80% greater than that of a steer of the same mass.50

In healthy animals, active vasomotor control is thought to
play a relatively minor role (compared with the effects of
hydrostatic pressure gradients, lung volume, and alveolar
pressure) in setting the distribution of blood flow within the
pulmonary circulation. However, recent investigations have
demonstrated that there is a gravity-independent distribution
of Q

•

toward the dorsal aspect of the lung (Fig. 32.23).51 This
effect may be explained by a regionally dependent arteriolar
reponsiveness. For example, arterioles in the upper lung

regions exhibit a pronounced vasodilation to methacholine
(an endothelium-dependent vasodilator) whereas those at
the bottom do not.52

Cardiovascular physiology
and responses to exercise

Cardiac output

Cardiac output (Q
•

) is defined as the volume of blood ejected
from the right or left ventricle and is usually expressed per
minute. As illustrated in Table 32.6, cardiac output is the
most important means of increasing muscle O2 delivery
during exercise and is the principal determinant of V

•

O2max,
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Alveolus

Alveolus
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1 μm

Fig. 32.22
Pulmonary capillary interposed between two alveoli. Note the
exquisitely thin blood gas barrier. (Redrawn from Birks.49)

Rest

Exercise

Fig. 32.23
Distribution of pulmonary blood flow in the lung at rest.The
shading indicates relative blood flow (the darker the area,
the greater the blood flow) and the solid and broken lines
indicate relative dorsal–caudal blood flow at rest and during
exercise, respectively. Note that pulmonary blood flow is not
regulated by gravity, as once thought. (Data from Hlastala and
colleagues;51 redrawn from Robinson.47)

Variable Rest Exercise Exercise/rest ratio

Heart rate (beats/min) 30 210–250 7–8
Cardiac output

L/min 30 240–>450 8–13
SV (mL) 1000 1700 1.7

Systolic/diastolic arterial 130/80 230/110 1.6
blood pressure (mmHg)

Pulse pressure (mmHg) 50 120+ 3–4
Pulmonary artery pressure (mmHg) 20–30 90–140 3–4
Hemoglobin concentration (g/dL) 13 17–24 1.3–1.6

O2 consumption (mL/min/kg) 2–4 160–220 40–110
L/min 1.5–20 80–110 40–75

a – v O2 difference (mL/100mL) 5 20–25 4–5

Table 32.6 Cardiovascular responses to maximal exercise in a 500-kg horse. (Data from 
Erickson41)



which can vary from 90 to 220 mL/kg/min.5,53 Very fit
Thoroughbreds have had Q

•

values measured in excess of
350 L/min and as mentioned above, based upon estimated
heart size, it is likely that superlative athletes have achieved
Q

•

values between 400 and 540 L/min (Figs 32.13A, B,
32.14). During submaximal exercise, Q

•

(and body O2 delivery,
Q

•

O2) increase linearly with running speed and also V
•

O2.54–56

Increased Q
•

in combination with the splenic-induced poly-
cythemia may elevate Q

•

O2 over 20-fold in a very 
fit Thoroughbred race horse from rest to maximal exercise.
Increases in Q

•

are driven most powerfully by heart rate with a
smaller contribution from elevated stroke volume (Table 32.6).

Heart rate

At exercise onset, heart rate increases rapidly from approxi-
mately 30 beats/min at rest to approximately 110 beats/min
via parasympathetic withdrawal, with the consequence that
at low running speeds heart rate may elicit an early over-
shoot (Fig. 32.24).26,57,58 At faster speeds, further heart rate
elevations are achieved less rapidly and are driven by the
sympathetic nervous system and circulating catecholamines.
Maximum heart rate varies between 204 and 241 beats/min
and a reduction with age has been described recently in
horses.59 In human populations a decrease of 1 beat/min/yr
has been well established.60,61 Maximum heart rate is not
considered to be an important measure of fitness and as seen
in the section ‘Exercise training’ below, does not change with
training. The speed or velocity a horse can achieve or sustain
at a submaximal heart rate of 140, 170 or 200 beats/min
(i.e. V140, V170, and V200) provides information about stroke
volume and cardiovascular capacity and pertains directly to
fitness and racing potential.53 Both heart rate26,57 and V

•

O2
62

increase faster after a warm-up, although as cardiac output
does not appear to limit V

•

O2 kinetics at exercise onset,63,64 the

two are probably not linked mechanistically. There is a linear
relationship between heart rate and running speed and
between %HRmax and %V

•

O2max (Figs 32.25, 32.26).53,65–67

However, at a constant running speed in the heavy intensity
domain, heart rate may continue to rise and this is accompa-
nied by rising ventilation, V

•

O2, and Q
•

.68 This ‘slow compo-
nent’ of the cardiorespiratory response is driven by elevated
metabolic requirements within the exercising muscles,69 a
progressive fall in blood volume, and also thermoregulatory
responses to the rising body temperature.

Stroke volume

Stroke volume refers to the volume of blood ejected per beat
from the left or right ventricle and increases from approxi-
mately 1000 mL (2–2.5 mL/kg) at rest up to 1700 mL
(3–4 mL/kg) or higher at maximal exercise (Table 32.6).
12,53,54,56,66 If a maximum heart rate of 225 beats/min is
assumed for Secretariat, his stroke volume would have been
well in excess of 2000 mL/beat. Typically, stroke volume
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increases sharply at exercise onset up to around 40%V
•

O2max
consequent to increased blood volume, venous return, 
and filling pressures according to the Frank–Starling
mechanism.26,70 What is particularly remarkable is that
ventricular filling (and thus stroke volume) does not appear
to be compromised at maximal exercise despite heart rates of
4 beats/s.

Arterial O2 content (CaO2) 
and O2 delivery ( ·Q × CaO2 =  ·QO2)

As described in the first section, arterial O2 content, CaO2, is
determined principally by blood hemoglobin concentration
(which sets the O2 carrying capacity) and the % saturation of
those hemoglobin binding sites with O2. At rest, arterial
hemoglobin concentration is 12–14 g/100 mL, whereas at
maximal exercise the spleen has expelled sufficient red blood
cells to increase this up to 21–24 g/100 mL. This cor-
responds to a packed cell volume increase from 35% at rest to
70% at maximal exercise. Thus, at maximal exercise if hemo-
globin was 100% saturated with O2, each 100 mL of blood
would hold between 27 and 31 mL O2. However, as discussed
below arterial O2 saturation falls from around 95% at rest to 
below 85% at maximal exercise,10 and this will decrease CaO2
to 23–26 mL/100 mL. Even considering this effect, with a
Q

•

of 400 L/min, the Thoroughbred can deliver a prodigious
100 L O2/min to the body during maximal exercise.

Determinants of O2 loading

Pulmonary circulation

The rapid increase in pulmonary blood flow at exercise onset
in concert with the polycythemic hyperviscosity37,71–73

elevates pulmonary vascular pressures (Fig. 32.27) and forces
recruitment of non-flowing vessels and distension of flowing
vessels (Fig. 32.21). This behavior elevates pulmonary vas-
cular conductance several fold but does not prevent mean 
pulmonary arterial pressure from exceeding 120 mmHg in 
fit horses;63,74–78 the consequences of this hypertension
include exercise-induced pulmonary hemorrhage (EIPH) and
are detailed below. Splenectomy (reduced blood viscosity),37,73

diuretic therapy (furosemide),78–82 and nitric oxide (vaso-
dilator)77 are all effective modalities for reducing maximal
pulmonary arterial pressures during exercise. However,
splenectomy reduces Q

•

O2 and thus negatively impacts both
V

•

O2max and performance.37 As mentioned in the section,
‘Anatomy of the cardiovascular system’, in contrast to con-
ventional wisdom, it has now been established that gravity is
not the sole or even the primary regulator of the regional
distribution of blood flow within the equine lung. Elegant
fluorescent microsphere studies by Bernard, Hlastala,
Erickson and colleagues have determined that pulmonary Q

•

is
preferentially distributed towards the dorsal aspect of the lung
at rest and during exercise (Fig. 32.23)51,83 likely due to a
regional variation in sensitivity to endothelium-induced
vasodilation.52

Exercise-induced arterial hypoxemia

As demonstrated in Fig. 32.28, blood leaving the horse’s lung
during maximal exercise is profoundly hypoxemic.10,84

Several mechanisms impair O2 loading in the pulmonary
capillary. These are described below in order of importance.
Alveolar–capillary O2 diffusion limitation (~ 70% of
alveolar-to-capillary O2 pressure gradient) During
maximal exercise the horse develops a significant alveolar-to-
capillary O2 pressure (P) gradient.84 Unlike in other species
such as man, in whom alveolar hyperventilation drives arte-
rial PCO2 below resting and in which alveolar PO2 becomes
elevated during intense exercise, in the horse alveolar PO2
may fall and consequently the increased alveolar-to-capillary
O2 pressure gradient results from the reduced arterial PO2.
The primary reason for the elevated alveolar-to-capillary O2
pressure gradient and arterial hypoxemia relates to the
prodigious values of Q

•

achieved. The average transit time for
a red blood cell (RBC) within the pulmonary capillary is
determined by the ratio between pulmonary capillary blood
volume and Q

•

. In the horse at rest, pulmonary capillary
volume is some 1.8-fold that of an equivalently sized steer50

and RBCs probably spend 0.75–1 s within the capillary,
which is thought to be three to four times longer than necess-
ary for equilibration with the alveolar O2 (Fig. 32.28). How-
ever, as we have seen during maximal exercise, Q

•

may
increase from rest by up to 13-fold and although capillary
volume does increase it can only do so by a small fraction of
this. Consequently, red cell capillary transit time will
decrease. Morphometric estimation of mean exercising red
cell transit time places it at 0.3–0.5 s.50,85 This is probably a
gross overestimate of that present in very fit race horses that
can achieve Q

•

values around 400 L/min and it is pertinent
that even if this were the mean transit time there would exist
a substantial population of red cells with considerably
shorter transit times. Because of the sigmoid shape of the O2
dissociation curve, it is not possible for those cells with longer
transit times to compensate for those that do not equilibrate
with the alveolar gas. The consequence of this mixing of
hypoxemic with normoxemic blood in the pulmonary veins
will be arterial hypoxemia. In addition, the rightward shift 
of the O2 dissociation curve consequent to elevated blood
temperatures, arterial hypercapnia, and acidosis will 
reduce the hemoglobin–O2 affinity and further exacerbate
alveolar– capillary disequilibrium.
Alveolar hypoventilation As mentioned above, at
maximal exercise the horse’s arterial PCO2 may exceed
65 mmHg.10,72,74,86 As calculated from the alveolar gas equa-
tion, this will cause alveolar PO2 to fall from approximately
100 mmHg at rest to approximately 90 mmHg at maximal
exercise (Fig. 32.28).
Mild ventilation-to-perfusion (V· /Q· ) mismatch During
exercise, the horse develops a small but significant degree of
V

•

/Q
•

mismatch. However, this is not thought to contribute in
a quantitatively important fashion to the exercise-induced
arterial hypoxemia.84,87 The percentage of Q

•

that does not
come into contact with alveolar gas (i.e. shunt) is trivially
small (≤ 1%).
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Exercise-induced pulmonary
hemorrhage

Exercise-induced pulmonary hemorrhage (EIPH) is charac-
terized by rupture of the blood–gas barrier and the presence

of blood in the alveolar space and airways. In extreme cases,
frank epistaxis may occur. EIPH is prevalent in Thorough-
breds, Standardbreds, and also Quarter Horses during sprint
racing, where repeated endoscopic examination indicates an
incidence approaching 95%.88–93 Microspheres (10–15 �m)
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injected into the jugular vein have identified the pulmonary
rather than the bronchial (systemic) vasculature as the site of
EIPH75 and elegant electron microscopy studies have cap-
tured red cells actually erupting from breaks in the fragile
blood–gas barrier (Fig. 32.29).94,95

EIPH must ultimately arise from high positive intraluminal
pressures coupled with very negative alveolar pressures
which summate across the blood–gas barrier causing failure
(Fig. 32.29).74,96,97 However, the etiology of EIPH is complex
and numerous mechanisms have been implicated.93 These
include:

1. alveolar pressure fluctuations which may be exacerbated
by upper airway obstruction (inspiratory nasal collapse;98

laryngeal hemiplegia99)
2. pulmonary hypertension consequent to high Q

•

values
(> 120 mmHg mean pulmonary artery pressure74,75,80,97),
exercise-induced hyperviscosity,71,100 and possibly arterio-
lar vasoconstriction72,76,77

3. redistribution of blood within the lung83

4. mechanical stresses of respiration and locomotion.101

Additional factors that may contribute to elevated pul-
monary arterial pressures include flow limitation induced by
the relatively small cross-sectional area of the atrioventricu-
lar (AV) valves,93 possible regurgitation through the AV
valves consequent to high ventricular pressures, and also a
left ventricular relaxation rate that may be too slow to allow
rapid filling at lower left atrial pressures.93,102,103 With regard
to valvular regurgitation, Young & Wood104 performed

cardiac auscultation on 111 Thoroughbreds aged 2–5 and
reported that the incidence of mitral and tricuspid regurgita-
tion was 7% and 13%, respectively. After training, this
increased significantly to 22% (mitral) and 26% (tricuspid).

Following the observation that pulmonary artery pressures
and capillary transmural pressures reach extraordinarily high
levels in the exercising horse and that there are threshold
pulmonary arterial and capillary pressures above which the
integrity of the blood–gas barrier is disrupted,97,105 EIPH
research and therapeutic interventions have focused on
reducing these pressures.93 Diuretic treatment with
furosemide which lowers pulmonary vascular pressures has
the greatest proven efficacy in this regard.78,80,106,107 Nasal
passage support with the Flair nasal strip also reduces EIPH,
presumably by reducing alveolar pressure swings and the
transmural pressure gradient.78,98,107,108 Other treatment
strategies involving Chinese herbal remedies and IgG are cur-
rently being evaluated.106 Experiments using furosemide,78

nitric oxide inhalation,77 and inhibition of nitric oxide syn-
thase72,76 have demonstrated that interventions which lower
peak pulmonary artery pressure may not necessarily induce a
corresponding reduction in EIPH.93 Thus, regulation of the
distribution of pulmonary Q

•

and vascular conductance may
be crucial for limiting EIPH and continues to be an active and
important avenue of research.

Systemic circulation

Cardiovascular control must subserve two crucial and some-
times conflicting demands. Namely, muscle Q

•

must achieve a
level commensurate with O2 and substrate requirements (up
to 100-fold resting) whilst maintaining systemic mean arte-
rial pressure (MAP) within acceptable limits. Excessive
vasodilation lowers MAP and compromises blood flow to crit-
ical organs such as the brain. By contrast, excessive MAP
impairs vascular integrity, elevates vascular fluid exudation,
and causes tissue damage.

MAP is the product of Q
•

and total peripheral resistance
(TPR). TPR is determined principally by the aggregate cross-
sectional area of all recruited arterioles and also blood vis-
cosity. Figure 32.30 details many of the factors controlling
vascular smooth muscle and thus vascular conductance
within skeletal muscle. Even at maximal exercise, there is a
profound sympathetic vasoconstrictor tone within skeletal
muscle110 and blood pressure regulation depends upon the
interaction of central nervous system reflexes emanating
from the brain (central command) and those within the
working muscle.111–115 MAP rises from 110 to 138 mmHg at
rest to as high as 200 mmHg during maximal exercise
(Table 32.6, Fig. 32.27).53,55,72,76,116,117 In addition to MAP,
systolic left ventricular and right atrial pressures increase
substantially53,56,66,75 and myocardial contractility (peak
derivative of left ventricular pressure, LVdp/dt) rises progres-
sively with running speed.53

From rest to exercise, skeletal muscle arterial and arterio-
lar vasodilation allows TPR to fall precipitously which facili-
tates enormous Q

•

values with a relatively modest rise in
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MAP. Specifically, if Q
•

increases from 30 (rest) to 450
(maximal exercise) L/min for a corresponding increase in
MAP from 120 to 180 mmHg, TPR must fall by 90% (i.e., 4
to 0.4 mmHg/L/min). The control of skeletal muscle vaso-
motor tone involves a complex array of mechanical (muscle
pump, shear stress, myogenic), humoral (vasoactive metabo-
lites, catecholamines) and neural (sympathetic, anteri-
ograde and retrograde conducted vasodilation) mechanisms
(Fig. 32.30). Recent findings from Kindig and col-
leagues72,76,77 indicate a major role for NO in increasing sys-
temic and vascular conductances during intense running

(Fig. 32.31). There have been several excellent recent
reviews on the regulation of muscle vascular conduc-
tance113–115,118 and it is apparent that the precise mecha-
nisms which mediate the rapid increase of muscle Q

•

and Q
•

O2
at exercise onset remain to be resolved.119 The matching
between Q

•

O2 and V
•

O2 during exercise is so precise that it has
inspired the suggestion that the system behaves as though
there is an O2 sensor located within the muscle or its vascu-
lar bed.115 However, if present such a sensor remains elusive.

During exercise, muscle Q
•

is distributed heterogeneously
between and within muscles depending on their recruitment,
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oxidative capacity, fiber type, and V
•

O2 demands.114 Thus, in
the exercising horse, Q

•

in heavily recruited, highly oxidative
red muscles in the limbs and respiratory system may achieve
peak values of 1–3 L/min/kg.46,120–122 Specifically, Arm-
strong and colleagues46 measured vastus intermedius Q

•

at
1.5 L/min/kg in Standardbred horses running at V

•

O2max
(134 mL/kg/min; Q

•

288 L/min). Within the thigh muscles
sampled, the vastus intermedius had the highest citrate syn-
thase activity (mitochondrial volume density, 9%) and myo-
globin concentration and exhibited the greatest Q

•

. Indeed,
across the several muscles/muscle portions sampled there
was a strong correlation (r = 0.947) between citrate synthase
activity and Q

•

at V
•

O2max.
The respiratory muscles, and in particular the diaphragm,

are extremely oxidative and during near maximal exercise
diaphragm Q

•

may exceed 2.5 L/min/kg.120,121 Vasodilation
and inspiratory resistance studies have revealed that, even at
V

•

O2max, the diaphragm retains a considerable vasodilator
reserve. Specifically, prodigious diaphragm Q

•

values close to
4 L/kg/min are feasible.120–123 It is quite possible that excep-
tional athletes or individuals with laryngeal hemiplegia
exhibit substantially higher diaphragm blood flows than their
less fit but healthy counterparts and that the respiratory

muscles ‘steal’ Q
•

from the exercising limb muscles,124 thereby
compromising running performance.

The heart, in keeping with its great energetic demands,
rich vascularity, and mitochondrial content,125 sustains an
extraordinarily high blood flow during exercise. Specifically,
in Standardbreds run at V

•

O2max, left and right ventricular and
septal blood flows increase from their pre-exercise value
(0.4–0.6 L/kg/min) up to 2.6–2.9 L/kg/min46,126 Atrial
blood flows are somewhat lower at rest (0.3 L/kg/min) and at
V

•

O2max (1.3–1.4 L/kg/min). One remarkable feature of the
equine heart is that there is little or no gradation of blood
flow across the myocardial wall. This is surprising given the
high compressive forces to which the subendocardial vessels
are subjected as systolic pressures greatly exceed 200 mmHg.
There is also evidence that the myocardium retains a sub-
stantial vasodilator reserve during maximal exertion, at least
in ponies.127

Muscle blood flow ( ·Qm) and O2
delivery ( ·QO2m) across the
rest–exercise transition

The close matching between Q
•

O2m and V
•

O2 (Fig. 32.5) pres-
ents a strong case for Q

•

O2m being controlled ultimately by
muscle metabolism.16,113,115,128–131 However, Q

•

O2m increases
within the first one or two contractions at exercise onset and
this timecourse is generally accepted to be far faster than that
of V

•

O2
132 and is thus too rapid to be explained by metabolic

feedback131 and arteriolar vasodilation mediated by common
vasodilators.133 Consequently, it is thought that the muscle
pump, which substantially reduces venular pressure, is key to
increasing the pressure differential across the muscle vas-
cular bed and augmenting flow almost instantaneously
(Fig. 32.32).132,134,135 It is also possible that conducted
vasodilation, initiated within the capillaries adjacent to active
muscle fibers, causes vasodilation upstream within the
arteriolar bed.118,136 Kindig and colleagues63,64 have demon-
strated recently that inhibition of nitric oxide formation
using L-NAME actually speeds the rate of V

•

O2 increase at
exercise onset in Thoroughbreds (Fig. 32.33). Thus, despite
any L-NAME induced Q

•

O2 reduction,72,137 relief of nitric
oxide-mediated mitochondrial inhibition138 allows a more
rapid V

•

O2 increase. This provides the most compelling
evidence to date that muscle O2 delivery does not limit the
energetic (V

•

O2) response to exercise.

Determinants of O2 exchange within
skeletal muscle: the microcirculation

In skeletal muscle, O2 diffuses down its pressure gradient
from the capillary towards the mitochondria at a rate (V

•

O2)
that is determined by the O2 pressure (PO2) difference between
capillary and mitochondria and the tissue diffusing capacity
for O2 (D) according to Fick’s law (V

•

O2 = D[PO2cap – PO2
mito]). The enduring dogma that there is a large PO2 gra-
dient from the myocyte sarcolemma to the most distant
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mitochondrion is at odds with the more recent observation
that intramyocyte PO2 during exercise is low (1–3 mmHg)
and without appreciable transverse or longitudinal variation
(Fig. 32.34).139 This is important because it means that the
greatest fall in PO2 occurs in very close proximity (1–2 �m) to
the RBC even in the presence of potentially long diffusion dis-
tances (> 40 �m) to the mitochondrion. Intramyocyte O2
transport is thought to be facilitated by myoglobin par-
ticularly within fibers in which oxidative enzyme activity is
high. The mitochondrial system comprises a catenated
network that may enhance O2 and high-energy phosphate
transport.140,141

From the above, the inescapable conclusion is that the size
(surface area) and geometry (luminal diameter, tortuosity,
branching) of the muscle capillary network combined with
the flux and distribution of RBCs within that network are of
paramount importance for gas exchange. Within skeletal
muscle, capillary surface area is regulated as a function of

fiber mitochondrial volume,44 which itself is indicative of
maximal O2 demand (Fig. 32.35). Within the major limb
muscles there are 700–800 km of capillary length per kg
which supplies 40–50 mL of mitochondria.42,46 The capillar-
ies form a dense, interconnecting network of vessels that
average 4–6 �m in diameter (RBCs are 5.5 �m in diameter)
that becomes extremely tortuous at short muscle sarcomere
lengths.42 By contrast, at long sarcomere lengths (>2.8 �m),
the capillaries become straight and highly aligned with 
the muscle fibers. As the capillaries stretch, their luminal
diameter is reduced and this increases their resistance to RBC
passage.142,143

Observation of capillary RBC flux and distribution during
muscle contractions presents a formidable challenge to
scientists. It is only very recently that events within muscle
capillaries have been observed across the rest–contractions
transition. At rest in rat spinotrapezius muscle, approxi-
mately 80% of capillaries support RBC flow143 at a velocity of
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approximately 250 �m/s and a capillary tube hematocrit
that averages only 25–50% of systemic values.141 The instan-
taneous muscle O2 diffusing capacity is thought to be deter-
mined by the number of RBCs in the capillary lying adjacent
to the muscle fiber.144 Consequently, the total length of capil-
laries adjacent to a muscle fiber in combination with their
hematocrit (i.e. number of RBCs per unit length of capillary)
will set the potential for O2 flux. As muscle contracts and
blood flow increases, capillary RBC velocity and flux are ele-
vated rapidly (Fig. 32.32) and hematocrit increases towards
systemic values.134 If we extrapolate what is known from
microscopic observations in contracting rodent muscle to the
exercising horse using equine capillary morphometric42 and
blood flow46 data, from rest to maximal exercise capillary
hematocrit is predicted to increase from approximately 10%
up to approximately 60% and mean RBC capillary transit
time decreases to about 1–2 s (which is substantially longer
than seen in the pulmonary capillaries). This presents a remark-
able scenario. Specifically, during maximal exercise, if the
systemic polycythemia is expressed at the microcirculatory
level (as suggested from rodent studies), the sixfold increase in
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capillary hematocrit will facilitate rapid blood to muscle O2
exchange. Moreover, as capillary RBC transit time is not
thought to become limiting for O2 offloading until values less
than 0.3–0.5 s are reached, the mean transit time of 1–2 s in
horse muscle is so long that there likely exists only a small pro-
portion of capillaries where O2 offloading is limited. These con-
siderations help explain how the horse achieves such excellent
O2 extractions (up to 85–90%) at very high cardiac outputs.

Exercise training

Regular physical exercise or exercise training produces a
coordinated pattern of structural and functional adaptations
within the cardiovascular and muscular systems. The first
three main sections of this chapter dealt with the anatomy
and physiology of these systems and their responses to acute
exercise (i.e. a single bout). This section details the remark-
able plasticity of the cardiovascular and muscular systems in
response to training and focuses primarily on those adapta-
tions which elevate V

•

O2max and running performance. There
exists a substantial literature on this topic in other species
such as the human, dog, and rat,45,113,131,145 and this section
will avoid an exhaustive overview. Rather it will focus on
understanding the mechanistic basis for the elevated
training-induced V

•

O2max that occurs in both young and old
horses.59

Historically, Q
•

and Q
•

O2 have been considered the principal,
if not the sole, determinants of V

•

O2max and its increase with
training. However, the insightful modeling and novel experi-
ments of Professor Peter D. Wagner at the University of
California at San Diego18 and others146–149 have established
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Fig. 32.35
There is a close relationship between whole body
mitochondrial content and V̇O2max across a wide range of
mammalian species.This supports the notion that V̇O2max
increases in proportion to the structural capacity for muscle
to utilize O2. V(mt), mitochondrial volume. (Redrawn from
Wagner et al.18)
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Fig. 32.36
The Wagner diagram demonstrates that exercise training
increases V̇O2max by elevating both conductive (curved line,
due to increased stroke volume) and diffusive (straight line,
due principally to increased muscle capillarity) O2 transport.
Note that even a modest reduction in venous PO2 (5–10%)150

after training requires a substantial increase (~ 30%) in muscle
O2 diffusing capacity. Moreover, if training solely increased
convective O2 delivery and there was no augmentation of
muscle diffusing capacity, venous PO2 would rise after training.
This has not been observed. For additional information see
legend to Fig. 32.7 and Table 32.7.
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Fig. 32.34
Three-dimensional reconstruction of the O2 partial pressure
(PO2) profile within the muscle capillary and the contracting
myocyte. Sarcolemma is indicated by thick line. Notice that
the principal drop in PO2 occurs in close proximity (within
1 �m) to the capillary spikes and that the intramyocyte PO2
profile is remarkably flat without appreciable PO2 gradients.
This suggests that, at least in red muscle fibers containing
myoglobin, even relatively large intracellular O2 diffusion
distances to the mitochondria are of little consequence.
(Redrawn from Honig et al.139)



Variable % Increase Reference(s)

V̇O
2max

10–25 67,150,158–161
Mean arterial pressure (at max) NC
Total peripheral resistance Decreased

Conductive oxygen transport, max
Heart weight 10+ 22,25
Cardiac output, max Increased

Stroke volume, max 10+ 56
Myocardial hypertrophy

LV mass 33 25,152
LV internal diameter 7 152

Plasma volume 19–30 150,155,162
Central venous pressure ?
Pericardial hypertrophy Yes?

Systemic [hemoglobin]/hematocrit NC or decreased 150
Arterial O2 content NC or decreased
Red cell mass 15 150
Heart rate, max NC 59,158,163

Muscle diffusing capacity

Arterial–venous O
2

extraction, max 5 150
Capillarity

Capillary density 13–36 161,164,165
Capillary–fiber ratio 70 161,166

Myoglobin ?
Oxidative enzymes Up to 100 159,164,165,167–169,170
Mitochondrial volume 75–200 161,171
Capillary hematocrit Increased?
Capillary RBC transit time ?

Velocity — submaximal heart rates/blood lactate concentrations
V200 NC or increased 172
V140 Increased 173
VLa4 Up to 31 165,174
La9 (–51) 174

Run time to fatigue (90–100% V̇O2max)
Time 140 161
NC, no change; ?, unknown.
V̇O2max, maximal oxygen uptake;V200,V140, running velocity at a heart rate of 200 and 140 beats/min; respectively;
VLa4, running velocity that induces a lactic acidosis of 4 mmol/L; La9, blood lactate concentration at a running velocity
of 9 m/s.

Table 32.7 Principal cardiovascular effects of exercise training in the horse at maximal exercise

that V
•

O2max and training-induced increases thereof are the
result of a coordinated sequence of adaptations that
increases the capacity for conductive and diffusive movement
of O2 from the atmosphere to its site of utilization within
muscle mitochondria. The ‘Wagner’ diagram combines these
conductive and diffusive elements (as seen in Fig. 32.7), and
it is instructive to use this diagram to understand how train-
ing increases V

•

O2max (Fig. 32.36). The relationship seen in 
Fig. 32.36 presents the increased V

•

O2max as an elevated cardio-
vascular O2 delivery (Q

•

O2) concomitant with an elevated frac-
tional O2 extraction (increased CaO2–CvO2) that reduces
muscle effluent and mixed-venous PO2. Typically, training-
induced increases in fractional O2 extraction and reduction of
venous PO2 are relatively modest, and this observation has 
led to the erroneous belief that adaptations to training within
muscle that increase O2 diffusing capacity (e.g. increased
muscle capillarity) are of no, or at least, lesser importance

than those cardiovascular changes that elevate Q
•

O2. Nothing
could be further from the truth. Notice from Fig. 32.36 that
simply increasing Q

•

O2 at the same diffusing capacity (i.e.
slope of line from the origin to V

•

O2max) will decrease O2 extrac-
tion and elevate venous PO2. That this response is not seen
after training is the result of adaptations within the cap-
illary bed (Table 32.7) that substantially increase muscle 
O2 diffusing capacity.44,131,151 Table 32.7 lists the primary
adaptations to training that produce the response evident in
Fig. 32.36.

Training usually increases V
•

O2max between 10 and 25%
and as in other species45,113,131,145 the % improvement is
dependent upon initial fitness with fitter individuals having
less room for improvement. In addition to an increased
muscle O2 diffusing capacity, the higher post-training V

•

O2max
is driven by an elevated Q

•

(and Q
•

O2) consequent to increased
SV. Maximal heart rate does not change. At maximal exercise,
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the elevated Q
•

occurs without any increase in MAP and so
the elevated Q

•

must be countered by a precisely matched fall
in total peripheral resistance.113

Mechanistic bases for training-induced
SV increase

After training, ventricular mass and volume is increased.25,152

Training elevates blood/plasma volume and subsequently 
end-diastolic volume and this stretches the myocardial fibers
and increases both the force and velocity of contraction. This
adaptation occurs in the absence of any substantial changes in
myocardial contractility per se113,153,154 and as MAP is
unchanged by training, it cannot be caused by modulation of
cardiac afterload. Training expands plasma volume150,155 and
this may elevate ventricular preload by increasing central
venous pressure. However, experiments in humans have not
demonstrated that expanding plasma volume consistently
increases central venous pressure and SV.113 What is certain is
that removal of the pericardium does increase SV and maximal
Q

•

in the absence of altered preload.13,14 Indeed, removing the
pericardial constraint to myocardial expansion produces an
increased maximal Q

•

similar to that found after weeks or
months of training. There is evidence that volume overload
chronically stretches the pericardial sac156 and decreases its
stiffness157 such that after training a much smaller rise in
cardiac filling pressure is needed to increase SV113 and a
greater SV can be achieved. To date, there is no available
evidence that pericardectomies have been performed as an
ergogenic aid in racing horses. It is pertinent that training-
induced increases in heart size may promote valvular (mitral
and tricuspid) insufficiencies and regurgitation which will act
to limit the improvement in cardiac output.104

Mechanistic bases for increased muscle
vascular conductance and O2 diffusing
capacity (and increased CaO2–CvO2)
after training

Arterial O2 content (CaO2) is not elevated by training
(although small increases in arterial PO2 during submaximal
exercise may be found),173 hence any increased CaO2–CvO2
must result from a decreased CvO2. This decreased CvO2 does
not arise from a greater vasoconstriction in other organs or
inactive muscle vascular beds but rather from a preferential
redistribution of the training-induced Q

•

increase towards the
active muscles113,114,175 and a greater total and fractional
extraction of O2 within those muscles.

Exercise training induces a rapid and profound growth 
of arterioles and capillaries within skeletal muscle45,176–179

and increases the sensitivity of cardiac180 and skeletal 
muscle181,182 arterioles to vasoactive mediators such as
prostaglandins, catecholamines, and nitric oxide. Moreover,
training increases the availability of nitric oxide in the
myocardium by upregulating endothelial nitric oxide syn-
thase, which is the enzyme responsible for much of the nitric

oxide production within the arterial tree.183 It is quite poss-
ible that this latter adaptation occurs also in skeletal muscle.
Exercise training increases Q

•

capacity in muscles composed of
both slow- and fast-twitch fibers provided they are recruited
during exercise.184 The distribution of Q

•

within and between
muscles is altered after training which may be important for
improving the matching of O2 delivery (Q

•

O2) to O2 utilization
(V

•

O2).114,141 After training, capillary length and surface area
per fiber volume as well as capillary surface to fiber surface
contact is increased in proportion to the elevated muscle
oxidative enzyme capacity.44,45,131,177 Such capillary prolifer-
ation increases the capillary surface area available for O2
exchange and by increasing capillary volume may prevent or
at least constrain any reduction in capillary RBC transit time
that would otherwise result from the elevated muscle Q

•

. It is
pertinent that the effect of training on capillary RBC transit
time will depend on the precise proportionality between
increased Q

•

and elevated capillary volume. Moreover, the
effect of training on capillary hematocrit (a key determinant
of blood-muscle O2 movement) is not at present known.
What is certain is that muscle O2 diffusing capacity increases
dramatically with training to facilitate a substantially
increased total O2 extraction (Fig. 32.36).

Conclusions

Both the cardiovascular and muscular systems evidence
great plasticity. During maximal exercise after training,
improved cardiac function elevates total Q

•

and muscle Q
•

(and
Q

•

O2) Synchronized muscle vascular and intramyocyte oxida-
tive enzyme proliferation permits trained muscle to accept
this increased Q

•

, elevate O2 exchange, and facilitate a greater
O2 utilization at maximal exercise (increased V

•

O2max). At 
submaximal running speeds, exercise training speeds V

•

O2
kinetics,131 tightens metabolic control which reduces glyco-
lysis and glycogen utilization,45,145 and elevates stroke
volume thereby lowering heart rate. This in turn may actu-
ally reduce the V

•

O2 cost of running at submaximal speeds.131

The training response may be augmented by hypoxia and is
modulated by running speed, frequency, and duration.

References

1. Pratt GW. Clocking the fastest horses on earth. Quarter
Racing J 1991; 4:36–40.

2. Jones JH, Lindstedt SL. Limits to maximal performance. 
Ann Rev Physiol 1993; 55:547–569.

3. Weibel ER. The pathway for oxygen: structure and function in
the mammalian respiratory system. London: Harvard
University Press; 1984; 399–404.

4. Lindstedt SL, Hokanson JF, Wells DJ, et al. Running energetics
in the pronghorn antelope. Nature 1991; 353:748–750.

5. Young LE, Marlin DJ, Deaton C, et al. Heart size estimated by
echocardiography correlates with maximal oxygen uptake.
Equine Vet J Suppl 2002; 34:467–471.

722
Cardiovascular system



6. Lyons AS, Petrucelli RJ. Medicine: an illustrated history. 
New York: Harry N Abrams; 1987; 603.

7. Derman KD, Noakes TD. Comparative aspects of exercise
physiology. In: Hodgson DR, Rose RJ, eds. The athletic horse.
Philadelphia: WB Saunders; 1994; 15.

8. Gunn HM. Muscle, bone and fat proportions and muscle
distribution of Thoroughbreds and other horses. In: 
Gillespie JR, Robinson NE, eds. Equine exercise physiology 2.
Davis. CA: ICEEP; 1987; 253–264.

9. Kearns CF, McKeever KH, John-Adler H, et al. Relationship
between body composition, blood volume and maximal
oxygen uptake. Equine Vet J Suppl 2002; 34:485–490.

10. Wagner PD, Erickson BK, Seaman J, et al. Effects of altered
FIO2 on maximum VO2 in the horse. Respir Physiol 1996;
105:123–134.

11. Knight DR, Schaffartzik W, Poole DC, et al. Effects of
hyperoxia on maximal leg O2 supply and utilization in men. 
J Appl Physiol 1993; 75:2586–2594.

12. McDonough P, Kindig CA, Hildreth T, et al. Effect of body
incline on cardiac performance. Equine Vet J Suppl 2002;
34:506–509.

13. Stray-Gundersen J, Musch TI, Haidet GC, et al. The effect of
pericardiectomy on maximal oxygen consumption and
maximal cardiac output in untrained dogs. Circ Res 1986;
58:523–530.

14. Hammond HK, White FC, Bhargava V, Shabetai R. Heart size
and maximal cardiac output are limited by the pericardium.
Am J Physiol 1992; 263:H1675–1681.

15. Andersen P, Saltin B. Maximal perfusion of skeletal muscle in
man. J Physiol 1985; 366:233–249.

16. Richardson RS, Poole DC, Knight DR, et al. High muscle blood
flow in man: is maximal O2 extraction compromized? 
J Appl Physiol 1993; 75:1911–1916.

17. Gledhill N. Blood doping and related issues: a brief review.
Med Sci Sports Exerc 1982; 14:183–189.

18. Wagner PD, Hoppeler H, Saltin B. Determinants of maximal
oxygen uptake. In: Crystal RG, West JB, Barnes PJ et al, eds.
The lung: scientific foundations, 2nd edn, New York:
Lippincott-Raven; 1997; 2033–2041.

19. Hoppeler H, Weibel ER. Limits for oxygen and substrate
transport in mammals. J Exp Biol 1998; 201:1051–1064.

20. Wasserman K, Hansen JE, Sue DY, et al. Principles of exercise
testing and interpretation, 2nd edn. Philadelphia: Lea and
Febiger; 1994.

21. Saltin B, Blomqvist G, Mitchell JH, et al. Response to exercise
after bed rest and after training. Circulation 1968; 38(suppl
VII):1–78.

22. Webb AI, Weaver BMQ. Body composition of the horse.
Equine Vet J 1979; 11:39–47.

23. Rose RJ, Hendrikson DK, Knight PK. Clinical exercise testing
in the normal thoroughbred race horse. Aust Vet J 1990;
67:345–348.

24. Snow DH, Valberg SJ. Muscle anatomy, physiology, and
adaptations to exercise. In: Hodgson DR, Rose RJ, eds. 
The athletic horse. Philadelphia: WB Saunders; 1994;
145–179.

25. Kubo K, Senta T, Sugimoto O. Relationship between training
and heart in the Thoroughbred race horse. Exp Rep Equine
Health Lab 1974; 11:87–93.

26. Evans DL, Rose RJ. Cardiovascular and respiratory responses
to exercise in thoroughbred horses. J Exp Biol 1988;
134:397–408.

27. Haun M. The X factor. What it is and how to find it. Neenah,
WI: Russell Meerdink; 1997.

28. Kline H, Foreman JH. Heart and spleen weights as a function
of breed and somatotype. Equine Exerc Physiol 1991;
3:17–21.

29. Gross DR, Muir WM, Pipers FS, Hamlin RL. Reevaluation 
of the equine heart score. South West Vet 1974;
27:231–233.

30. Leadon DP, Cunningham EP, Mahon GA, Todd AJ. 
Heart score and performance ability in the United Kingdom. 
Equine Vet J 1982; 14:89–90.

31. Leadon DP, McAllister H, Mullins E, Osborne M.
Electrocardiographic and echocardiographic measurements
and their relationships in Thoroughbred yearlings to
subsequent performance. In: Persson SGB, Lindholm A, 
Jeffcot LB, eds. Equine exercise physiology 3. CA: ICEEP;
1991; 22–29.

32. Hanson CM, Kline KH, Foreman JH. Measurements of
heart scores and heart weights in horses of two different
morphic types. Comp Biochem Physiol 1993;
108A:175–178.

33. Sampson SN, Tucker RL, Bayly WM. Relationship between
VO2max, heart score and echocardiographic measurements
obtained at rest and immediately following maximal exercise
in Thoroughbred horses. Equine Vet J Suppl 1999;
30:190–194.

34. Steel JD, Beilharz RG, Stewart GA, et al. The inheritance 
of heart score in race horses. Aust Vet J 1977; 
53:306–309.

35. Persson SGB, Ekman L, Lydin G, et al. Circulatory effects of
splenectomy in the horse. II. Effect on plasma volume and
total and circulating red-cell volume. Zentralbl Veterinarmed
A 1973; 20:456–468.

36. Moore J. Nature’s supercharger. Equus 1994; 198:30–34.
37. Wagner PD, Erickson BK, Kubo K, et al. Maximum oxygen

transport and utilisation before and after splenectomy. 
Equine Vet J Suppl 1995; 18:82–85.

38. Persson SGB, Bergsten G. Circulatory effects of splenectomy
in the horse. IV. Effect on blood flow and blood lactate at rest
and during exercise. Zentralbl Veterinarmed A 1975;
22:801–807.

39. Persson SGB. On blood volume and working capacity. 
Acta Vet Scand Suppl 1967; 19:1–189.

40. Altman PL, Dittmer DS. Biology data book, vol 2, 2nd edn.
Bethesda, MD: FASEB;1974; 1847.

41. Erickson HH. Exercise physiology. In: Swenson MJ, Reece WO,
eds. Dukes physiology of domestic animals, 11th edn. 
Ithaca: Cornell University Press; 1993; 305.

42. Mathieu-Costello O, Hoppeler H, Weibel ER. Capillary
tortuosity in skeletal muscles of mammals depends on muscle
contraction. J Appl Physiol 1989; 66:1436–1442.

43. Ishikawa H, Sawada H, Yamada E. Surface and internal
morphology of skeletal muscle. In: Peachy LD, Adrian RH,
Geiger SR, eds. Handbook of physiology. Section 10: skeletal
muscle. Bethesda, MD: American Physiological Society;
1983; 1–22.

44. Poole DC, Mathieu-Costello O. Relationship between fiber
capillarization and mitochondrial volume density in control
and trained rat soleus and plantaris muscles.
Microcirculation 1996; 3:175–186.

45. Saltin B, Gollnick PD. Skeletal muscle adaptability:
significance for metabolism and performance. In: Handbook
of physiology. Section 10: skeletal muscle. Bethesda, MD:
American Physiological Society; 1983; 555–631.

46. Armstrong RB, Essen-Gustavsson B, Hoppeler H, et al. O2
delivery at V· O2max and oxidative capacity in muscles of
standardbred horses. J Appl Physiol 1992; 73:2274–2282.

47. Robinson NE. Respiratory function. In: Cunningham JG, ed.
Textbook of veterinary physiology, 3rd edn. London: 
WB Saunders; 2002; 481.

723
32 Heart and vessels: function during exercise and response to training



.
48. West JB. Respiratory physiology, 4th edn. Baltimore: 

Williams and Wilkins; 1995; 36–37.
49. Birks EK, Mathieu-Costello O, Fu Z, et al. Comparative aspects

of the strength of pulmonary capillaries in rabbit, dog, and
horse. Respir Physiol 1994; 97:235–246.

50. Constantinopol M, Jones JH, Weibel ER, et al. Oxygen
transport during exercise in large mammals. II. Oxygen
uptake by the pulmonary gas exchanger. J Appl Physiol 1989;
67:871–878.

51. Hlastala MP, Bernard SL, Erickson HH, et al. Pulmonary
blood flow distribution in standing horses is not dominated by
gravity. J Appl Physiol 1996; 81:1051–1061.

52. Pelletier N, Robinson NE, Kaiser L, et al. Regional differences
in endothelial function in horse lungs: possible role in blood
flow distribution? J Appl Physiol 1998; 85:537–542.

53. Evans DL. The cardiovascular system: anatomy, physiology,
and adaptations to exercise and training. In: Hodgson DR,
Rose RJ, eds. The athletic horse. Philadelphia: WB Saunders;
1994; 129–144.

54. Bayly WM, Gabel AA, Barr SA. Cardiovascular effects of
submaximal aerobic training on a treadmill in Standardbred
horses using a standardized exercise test. Am J Vet Res 1983;
44:544–553.

55. Parks CM, Manohar M. Distribution of blood flow during
moderate and strenuous exercise in ponies (Equus caballus).
Am J Vet Res 1983; 44:1861–1866.

56. Thomas DP, Fregin GF, Gerber NH, Ailes NB. Effects of
training on cardiorespiratory function in the horse. 
Am J Physiol 1983; 245:R160–165.

57. Evans DL, Rose RJ. Dynamics of cardiorespiratory function in
standardbred horses during constant load exercise. 
J Comp Physiol [B] 1988; 157:791–799.

58. Hamlin RL, Klepinger WL, Gilpin KW, et al. Autonomic
control of heart rate in the horse. Am J Physiol 1972;
222:976–978.

59. Betros CL, McKeever KH, Kearns CF, et al. Effects of aging and
training on maximal heart rate and V̇O2max. Equine Vet J
Suppl 2002; 34:100–105.

60. Astrand P-O, Rodahl K. Textbook of work physiology, 3rd edn.
New York: McGraw-Hill; 1986.

61. Brooks GA, Fahey TD, White TP. Exercise physiology: human
bioenergetics and its applications, 2nd edn. London: Mayfield
Publishing; 1996.

62. Rose RJ, Evans DL. Cardiovascular and respiratory function in
the athletic horse. In: Gillespie JR, Robinson NE, eds. Equine
exercise physiology 2. Davis, CA: ICEEP; 1987; 1–24.

63. Kindig CA, McDonough P, Erickson HH, et al. Effect of
L-NAME on oxygen uptake kinetics during heavy intensity
exercise in the horse. J Appl Physiol 2001; 91:891–896.

64. Kindig CA, McDonough P, Erickson HH, et al. Nitric oxide
synthase inhibition speeds oxygen uptake kinetics in horses
during moderate domain running. Resp Physiol Neurobiol
2002; 132:169–178.

65. Lindholm A, Saltin B. The physiological and biochemical
response of standardbred horses to exercise of varying speed
and duration. Acta Vet Scand 1974; 15:310–324.

66. Thomas DP, Fregin GF. Cardiorespiratory and metabolic
responses to treadmill exercise in the horse. J Appl Physiol
1981; 50:864–868.

67. Evans DL, Rose RJ. Maximal oxygen consumption in race
horses: changes with training state and prediction from
submaximal indices of cardiorespiratory function. In:
Gillespie JR, Robinson NE, eds. Equine exercise physiology 2.
Davis, CA: ICEEP; 1987; 52–67.

68. Thomas DP, Fregin GF. Cardiorespiratory drift during exercise
in the horse. Equine Vet J Suppl 1990; 9:61–65.

69. Langsetmo I, Weigle GE, Fedde MR, et al. VO2 kinetics in the
horse at moderate and heavy exercise. J Appl Physiol 1997;
83:1235–1241.

70. Stephenson RB. Cardiovascular physiology. In: Cunningham
JG, ed. Textbook of veterinary physiology, 3rd edn. New York:
WB Saunders; 2002; 109–219.

71. Fedde MR, Erickson HH. Increase in blood viscosity in the
sprinting horse: can it account for the high pulmonary
arterial pressure? Equine Vet J 1998; 30:329–334.

72. Kindig CA, Quackenbush D, Gallatin LL, et al.
Cardiorespiratory impact of nitric oxide synthase 
inhibition in the exercising horse. Respir Physiol 2000;
120:151–166.

73. Davis JL, Manohar M. Effect of splenectomy on 
exercise-induced pulmonary and systemic hypertension in
ponies. Am J Vet Res 1988; 49:1169–1172.

74. Erickson BK, Erickson HH, Coffman JR. Pulmonary 
artery, aortic and oesophageal pressure changes during 
high-intensity treadmill exercise in the horse: a possible
relation to exercise induced pulmonary haemorrhage. 
Equine Vet J Suppl 1990; 9:47–52.

75. Jones JH, Smith BL, Tyler WS, et al. Why do horses bleed?
Source and cause of exercise-induced pulmonary
hemorrhage in horses. In: Clarke AF, ed. Proceedings of
the International Exercise Induced Pulmonary Hemorrhage
Conference. Guelph: Equine Research Center; 1993; 
23–24.

76. Kindig CA, Erickson HH, Poole DC. Dissociation of
exercise-induced pulmonary hemorrhage and pulmonary
artery pressure via nitric oxide synthase inhibition. J Equine
Vet Sci 2000; 20:715–721.

77. Kindig CA, McDonough P, Finley MR, et al. Nitric oxide
inhalation reduces pulmonary hypertension but not
hemorrhage in maximally exercising horses. J Appl Physiol
2001; 91:2674–2680.

78. Kindig CA, McDonough P, Fenton G, et al. Efficacy of
nasal strip and furosemide in mitigating exercise-induced
pulmonary hemorrhage in Thoroughbred horses. J Appl
Physiol 2001; 91:1396–1400.

79. Hopper MK, Pieschl RL, Pelletier NG, et al. Cardiopulmonary
effects of acute blood volume alteration prior to exercise. 
In: Persson SGB, Lindholm A, Jeffcot LB, eds. Equine exercise
physiology 3. Davis, CA: ICEEP; 1991; 3:9–16.

80. Olsen SC, Coyne CP, Lowe BS, et al. Influence of furosemide
on hemodynamic responses during exercise in horses. 
Am J Vet Res 1992; 53:742–747.

81. Hinchcliff KW, McKeever KH. Frusemide. Equine Vet J Suppl
1995; 18:256–258.

82. Langsetmo I, Weigle GE, Erickson HH, et al. Influence of
frusemide on dynamic cardiac variables during exercise.
Equine Vet J Suppl 1999; 30:170–173.

83. Bernard SL, Glenny RW, Erickson HH, et al. Minimal
redistribution of pulmonary blood flow with exercise in race
horses. J Appl Physiol 1996; 81:1062–1070.

84. Wagner PD, Gillespie JR, Landgren GL, et al. Mechanism of
exercise-induced hypoxemia in horses. J Appl Physiol 1989;
66:1227–1233.

85. Karas RH, Taylor CR, Jones JH, et al. Adaptive variation in the
mammalian respiratory system in relation to energetic
demand. VII. Flow of oxygen across the pulmonary gas
exchanger. Respir Physiol 1987; 69:101–115.

86. McDonough P, Kindig CA, Erickson HH, et al. Mechanistic
basis for the gas exchange threshold in the Thoroughbred
horse. J Appl Physiol 2002; 92:1499–1505.

87. Seaman J, Erickson BK, Kubo K, et al. Exercise induced
ventilation/perfusion inequality in the horse. Equine Vet J
1995; 27:104–109.

724
Cardiovascular system

˙



88. Burrell MH. Endoscopic and virologic observations on
respiratory disease in a group of young Thoroughbred horses
in training. Equine Vet J 1985; 17:99–103.

89. Hillidge CJ, Lane TJ, Johnson EL. Preliminary investigations of
EIPH in racing Quarter Horses. J Equine Vet Sci 1984;
4:21–23.

90. Lapointe JM, Vrins A, McCarvill E. A survey of
exercise-induced pulmonary haemorrhage in Quebec
Standardbred race horses. Equine Vet J 1994; 26:482–485.

91. Mason DK, Collins EA, Watkins KL. Respiratory system. 
In: Snow DH, Persson SGB, Rose RJ, eds. Equine exercise
physiology. Cambridge: Granta Editions; 1983; 57–63.

92. Raphel CF, Soma LR. Exercise-induced pulmonary
hemorrhage in Thoroughbreds after racing and breezing. 
Am J Vet Res 1982; 43:1123–1127.

93. Erickson HH, Poole DC. Exercise-induced pulmonary
hemorrhage. In: Lekeux P, ed. Equine respiratory diseases.
Ithaca: International Veterinary Information Services; 2002;
B0320.0102.

94. Fu Z, Costello ML, Tsukimoto K, et al. High lung volume
increases stress failure in pulmonary capillaries. J Appl
Physiol 1992; 73:123–133.

95. Erickson HH, McAvoy JL, Westfall JA. Exercise-induced
changes in the lung of Shetland ponies: ultrastructure and
morphometry. J Submicrosc Cytol Pathol 1997; 29:65–72.

96. West JB, Mathieu-Costello O, Jones JH, et al. Stress failure of
pulmonary capillaries in race horses with exercise-induced
pulmonary hemorrhage. J Appl Physiol 1993;
75:1097–1109.

97. West JB, Mathieu-Costello O. Structure, strength, failure, and
remodeling of the pulmonary blood–gas barrier. Annu Rev
Physiol 1999; 61:543–572.

98. Poole DC, Kindig CA, Fenton G, et al. Effects of external nasal
support on pulmonary gas exchange and EIPH in the horse. 
J Equine Vet Sci 2000; 20:579–585.

99. Cook WR, Williams RM, Kirker-Head CA, et al. Upper airway
obstruction (partial asphyxia) as the possible cause of
exercise-induced pulmonary hemorrhage in the horse: an
hypothesis. Equine Vet Sci 1988; 8:11–26.

100. Fedde MR, Wood SC. Rheological characteristics of horse
blood: significance during exercise. Respir Physiol 1993;
94:323–335.

101. Schroter RC, Marlin DJ, Denny E. Exercise-induced
pulmonary haemorrhage (EIPH) in horses results from
locomotory impact induced trauma – a novel, unifying
concept. Equine Vet J 1998; 30:186–192.

102. Manohar M, Hutchens E, Coney E. Pulmonary
hemodynamics in the exercising horse and their relationship
to exercise-induced pulmonary hemorrhage. Br Vet J 1993;
149:419–428.

103. Erickson HH. A review of exercise-induced pulmonary
hemorrhage and new concepts for prevention. Proc Am
Assoc Equine Practs 2000; 46:193–196.

104. Young LE, Wood JLN. Effect of age and training on murmurs
of atrioventricular valvular regurgitation in young
Thoroughbreds. Equine Vet J 2000; 32:195–199.

105. Langsetmo I, Fedde MR, Meyer TS, et al. Relationship of
pulmonary arterial pressure to pulmonary haemorrhage in
exercising horses. Equine Vet J 2000; 32:379–384.

106. Erickson HH, Hildreth TS, Poole DC, et al. Management of
exercise-induced pulmonary hemorrhage in non-racing
performance horses. Comp Cont Educ Pract Vet 2001;
23:1090–1093.

107. Geor RJ, Ommundson L, Fenton G, et al. Effects of an external
nasal strip and furosemide on pulmonary hemorrhage in
Thoroughbreds following high-intensity exercise. Equine Vet J
2001; 33:577–584.

108. Holcombe SJ, Cornelisse CJ, Derksen FJ, et al. The effect of
FLAIR nasal strips on upper airway mechanics in exercising
horses. Am J Vet Res 2002; 63:1101–1105.

109. Shoemaker JK, Hughson RL. Adaptation of blood flow during
the rest to work transition in humans. Med Sci Sports Exerc
1999; 31:1019–1026.

110. Rowell LB, Saltin B, Kiens B, et al. Is peak quadriceps blood
flow in humans even higher during exercise with hypoxemia?
Am J Physiol 1986; 251:H1038–H1044.

111. Mitchell JH, Kaufman MP, Iwamoto GA. The pressor 
reflex: its cardiovascular effects, afferent mechanisms, 
and central pathways. Annu Rev Physiol 1983; 
45:229–242.

112. Rowell LB, O’Leary DS. Reflex control of the circulation
during exercise: chemoreflexes and mechanoreflexes. 
J Appl Physiol 1990; 69:407–418.

113. Rowell LB. Human cardiovascular control. Oxford: Oxford
University Press; 1993; 255–288.

114. Laughlin MH, McAllister RM, Delp MD. Heterogeneity of
blood flow in skeletal muscle. In: Crystal RG, West JB, 
Weibel ER, et al, eds. The lung: scientific foundations. 
New York: Raven Press; 1997; 1945–1955.

115. Duling BR, Dora K. Control of striated muscle blood flow. 
In: Crystal RG, West JB, Weibel ER, et al, eds. The lung:
scientific foundations. New York: Raven Press; 1997;
1935–1943.

116. Bergsten G. Blood pressure, cardiac output and blood gas
tension in the horse at rest and during exercise. Acta Vet
Scand Suppl 1974; 48:1–88.

117. Hornicke H, von Engelhardt W, Ehrlein HJ. Effect of exercise
on systemic blood pressure and heart rate in horses. 
Pflugers Arch 1977; 372:95–99.

118. Segal SS. Integration of blood flow control to skeletal muscle:
key role of feed arteries. Acta Physiol Scand 2000;
168:511–518.

119. Hughson RL, Tschakovsky ME, Houston ME. Regulation of
oxygen consumption at the onset of exercise. Exer Sport Sci
Rev 2001; 29:129–133

120. Manohar M. Vasodilator reserve in respiratory muscles
during maximal exertion in ponies. J Appl Physiol 1986;
60:571–1577.

121. Manohar M. Costal vs. crural diaphragmatic blood flow
during submaximal and near-maximal exercise in ponies. 
J Appl Physiol 1988; 65:1514–1519.

122. Manohar M. Inspiratory and expiratory muscle perfusion in
maximally exercised ponies. J Appl Physiol 1990; 68:
544–548.

123. Manohar M. Blood flow in respiratory muscles during
maximal exertion in ponies with laryngeal hemiplegia. 
J Appl Physiol 1987; 62:229–237.

124. Harms CA, Wetter TJ, McClaran SR, et al. Effects of
respiratory muscle work on cardiac output and its
distribution during maximal exercise. J Appl Physiol 1998;
85:609–618.

125. Poole DC, Mathieu-Costello O. Analysis of capillary geometry
in rat sub-epicardium and sub-endocardium. Am J Physiol
1990; 259:H204–H210.

126. Manohar M, Goetz TE, Hutchens E, et al. Atrial and
ventricular myocardial blood flows in horses at rest and
during exercise. Am J Vet Res 1994; 55:1464–1469.

127. Manohar M. Transmural coronary vasodilator 
reserve and flow distribution during maximal exercise in
normal and splenectomized ponies. J Physiol 1987;
387:425–440.

128. Knight DR, Poole DC, Schaffartzik W, et al. Relationship
between body and leg V· O2 during maximal cycle ergometry. 
J Appl Physiol 1992; 73:1114–1121.

725
32 Heart and vessels: function during exercise and response to training



129. Poole DC, Gaesser GA, Hogan MC, et al. Pulmonary and leg
V· O2 during submaximal exercise: implications for muscular
efficiency. J Appl Physiol 1992; 72:805–810.

130. Laughlin MH, Korthuis RJ, Duncker DJ, et al. Control of blood
flow to cardiac and skeletal muscle during exercise. In: 
Rowell LB, Shepherd JT, eds. Handbook of physiology. 
New York: Oxford University Press; 1996; 705–769.

131. Poole DC. Influence of exercise training on skeletal muscle
oxygen delivery and utilization. In: Crystal RG, West JB,
Weibel ER, et al, eds. The lung: scientific foundations. 
New York: Raven Press; 1997; 1957–1967.

132. Delp MD. Control of skeletal muscle perfusion at the onset 
of dynamic exercise. Med Sci Sports Exerc 1999;
31:1011–1018.

133. Wunsch SA, Muller-Delp J, Delp MD. Time course of
vasodilatory responses in skeletal muscle arterioles: role in
hyperemia at onset of exercise. Am J Physiol 2000;
279:H1715–H1723.

134. Kindig CA, Richardson TE, Poole DC. Skeletal muscle
capillary hemodynamics from rest to contractions:
implications for oxygen transfer. J Appl Physiol 2002;
92:2513–2520.

135. Sheriff DD, Hakeman AL. Role of speed vs. grade in relation
to muscle pump function at locomotion onset. J Appl Physiol
2001; 91:269–276.

136. Berg BR, Cohen KD, Sarelius IH. Direct coupling between
blood flow and metabolism at the capillary level in striated
muscle. Am J Physiol 1997; 272:H2693–H2700.

137. Musch TI, McAllister RM, Symons JD, et al. Effects of nitric
oxide synthase inhibition on vascular conductance during
high speed treadmill exercise in rats. Exp Physiol 2001;
86:749–757.

138. Shen W, Xu X, Ochoa M, et al. Role of nitric oxide in the
regulation of oxygen consumption in conscious dogs. 
Circ Res 1994; 75:1086–1095.

139. Honig CR, Gayeski TEJ, Groebe K. Myoglobin and oxygen
gradients. In: Crystal RG, West JB, Weibel ER, et al, eds. The
lung: scientific foundations. New York: Raven Press; 1997;
1925–1933.

140. Wagner PD. Determinants of maximal oxygen transport and
utilization. Ann Rev Physiol 1996; 58:21–50.

141. Poole DC, Musch TI. Pulmonary and peripheral gas exchange
during exercise. In: Roca J, Rodriguez-Roisin R, Wagner PD.
eds. Pulmonary and peripheral gas exchange in health and
disease. New York: Marcel Dekker; 2000; 469–523.

142. Poole DC, Mathieu-Costello O. Capillary and fiber geometry in
rat diaphragm perfusion fixed in situ at different sarcomere
lengths. J Appl Physiol 1992; 73:151–159.

143. Poole DC, Musch TI, Kindig CA. In vivo microvascular
structural and functional consequences of muscle length
changes. Am J Physiol 1997; 272:H2107–H2114.

144. Federspiel WJ, Popel AS. A theoretical analysis of the effect of
the particulate nature of blood on oxygen release in
capillaries. Microvasc Res 1986; 32:164–189.

145. Holloszy JO, Coyle EF. Adaptations of skeletal muscle to
endurance exercise and their metabolic consequences. 
J Appl Physiol 1984; 56:831–838.

146. Weibel ER. Understanding the limitation of O2 supply
through comparative physiology. Respir Physiol 1999;
118:85–93.

147. Hogan MC, Bebout DE, Wagner PD, et al. Maximal O2 uptake
of in situ dog muscle during acute hypoxemia with constant
perfusion. J Appl Physiol 1990; 69:570–576.

148. Roca J, Hogan MC, Story D, et al. Evidence for tissue diffusion
limitation of V· O2max in normal humans. J Appl Physiol 1989;
67:291–299.

149. Bebout DE, Hogan MC, Hempleman SC, et al. Effects of training
and immobilization on V· O2 and DO2 in dog gastrocnemius
muscle in situ. J Appl Physiol 1993; 74:1697–1703.

150. Knight PK, Sinha AK, Rose RJ. Effects of training intensity on
maximum oxygen uptake. In: Persson SGB, Jeffcott LB, eds.
Equine exercise physiology 3. Davis, CA: ICEEP; 1991; 77–82.

151. Roca J, Agusti AG, Alonso A, et al. Effects of training on muscle
O2 transport at V· O2max. J Appl Physiol 1992; 73:1067–1076.

152. Young LE. Cardiac responses to training in 2-year-old
Thoroughbreds: an echocardiographic study. Equine Vet J
Suppl 1999; 30:195–198.

153. Scheuer J, Tipton CM. Cardiovascular adaptations to physical
training. Annu Rev Physiol 1977; 39:221–225.

154. Schiable TF, Scheuer J. Cardiac adaptations to chronic
exercise. Prog Cardiovasc Dis 1985; 27:297–324.

155. McKeever KH, Schurg WA, Jarrett SH, et al. Exercise training
induced hypervolemia in the horse. Med Sci Sports Exerc
1987; 19:21–27.

156. Freeman GL, LeWinter MM. Pericardial adaptations during
chronic cardiac dilation in dogs. Circ Res 1984; 54:294–300.

157. Lee M-C, LeWinter MM, Freeman G, et al. Biaxial mechanical
properties of the pericardium in normal and volume overload
dogs. Am J Physiol 1985; 249:H222–H230.

158. Evans DL, Rose RJ. Cardiovascular and respiratory responses
to submaximal exercise training in the thoroughbred horse.
Pflugers Arch 1988; 411:316–321.

159. Eaton MD, Hodgson DR, Evans DL, et al. Effects of low- and
moderate-intensity training on metabolic responses to
exercise in Thoroughbreds. Equine Vet J Suppl 1999;
30:521–527.

160. Katz LM, Bayly WM, Roeder MJ, et al. Effects of training on
oxygen consumption of ponies. Am J Vet Res 2000;
61:986–991.

161. Tyler CM, Golland LC, Evans DL, et al. Skeletal muscle
adaptations to prolonged training, overtraining and
detraining in horses. Pflugers Arch 1998; 436:391–397.

162. McKeever KH, Scali R, Geiser S, et al. Plasma aldosterone
concentration and renal sodium excretion are altered during
the first days of training. Equine Vet J Suppl 2002; 34:
524–531.

163. Foreman JH, Bayly WM, Grant BD, et al. Standardized
exercise test and daily heart rate responses of thoroughbreds
undergoing conventional race training and detraining. 
Am J Vet Res 1990; 51:914–920.

164. Essen-Gustavsson B, McMiken D, Karlstrom K, et al. Muscular
adaptation of horses during intensive training and
detraining. Equine Vet J 1989; 21:27–33.

165. Serrano AL, Quiroz-Rothe E, Rivero J-LL. Early and long-term
changes of equine skeletal muscle in response to endurance
training and detraining. Pflugers Arch 2000; 441:263–274.

166. Rivero JL, Ruz MC, Serrano AL, et al. Effects of a 3 month
endurance training programme on skeletal muscle
histochemistry in Andalusian, Arabian and Anglo-Arabian
horses. Equine Vet J 1995; 27:51–59.

167. Essen-Gustavsson B, Lindholm A. Muscle fiber characteristics
of active and inactive Standardbred horses. Equine Vet J
1985; 17:434–438.

168. Guy PS, Snow DH. The effect of training and detraining on
muscle composition in the horse. J Physiol (Lond) 1977;
269:33–51.

169. Hodgson DR, Rose RJ, Dimauro J, et al. Effects of training on
muscle composition in horses. Am J Vet Res 1986; 47:12–15.

170. Lovell DK, Rose RJ. Changes in skeletal muscle composition 
in response to interval and high intensity training. In:
Persson SGB, Lindholm A, Jeffcot LB, eds. Equine exercise
physiology 3. Davis, CA: ICEEP; 1991; 215–222.

726
Cardiovascular system



171. Straub R, Dettwiler M, Hoppeler H, et al. The use of
morphometry and enzyme activity measurements in skeletal
muscles for the assessment of the working capacity of horses.
In: Snow DH, Persson SGB, Rose RJ, eds. Equine exercise
physiology. Cambridge: Granata; 1983; 193–199.

172. Courouce CA, Chretien M, Valette JP. Physiological variables
measured under field conditions according to age and state 
of training in French trotters. Equine Vet J 2002; 34:91–97.

173. Sexton WL, Erickson HH, Coffman JR. Cardiopulmonary and
metabolic responses to exercise in the Quarter Horse: effects
of training. In: Gillespie JR, Robinson NE, eds. Equine exercise
physiology 2. Davis, CA: ICEEP; 1987; 77–91.

174. Evans DL, Rainger JR, Hodgson DR, et al. The effects of
intensity and duration of training on blood lactate
concentrations during and after exercise. Equine Vet J Suppl
1995; 18:422–425.

175. Saltin B, Rowell LB. Functional adaptations to physical
activity and inactivity. Fed Proc 1980; 39:1506–1513.

176. Hudlicka O, Brown M, Egginton S. Angiogenesis in 
skeletal and cardiac muscle. Physiol Rev 1992; 72:369–417.

177. Poole DC, Mathieu-Costello O, West JB. Capillary tortuosity in
rat soleus muscle is not affected by endurance training. 
Am J Physiol 1989; 256:H1110–H1116.

178. Hansen-Smith F, Egginton S, Hudlicka O. Growth of arterioles
in chronically stimulated adult rat skeletal muscle.
Microcirculation 1998; 5:49–59.

179. Suzuki J, Kobayashi T, Uruma T, et al. Time-course changes in
arteriolar and venular portions of capillary in young
treadmill-trained rats. Acta Physiol Scand 2001; 171:77–86.

180. Griffin KL, Woodman CR, Price EM, et al. Endothelium-
mediated relaxation of porcine collateral-dependent arterioles
is improved by exercise training. Circulation 2001;
104:1393–1398.

181. Lash JM. Exercise training enhances adrenergic constriction
and dilation in the rat spinotrapezius muscle. J Appl Physiol
1998; 85:168–174.

182. Koller A, Huang A, Sun D, et al. Exercise training augments
flow-dependent dilation in rat skeletal muscle arterioles. Role
of endothelial nitric oxide and prostaglandins. Circ Res 1995;
76:544–550.

183. Laughlin MH, Pollock JS, Amann JF, et al. Training induces
nonuniform increases in eNOS content along the coronary
arterial tree. J Appl Physiol 2001; 90:501–510.

184. Laughlin MH, Ripperger J. Vascular transport capacity of
hindlimb muscles of exercise-trained rats. J Appl Physiol
1987; 62:438–443.

727
32 Heart and vessels: function during exercise and response to training



General approach to equine
cardiology

Overall approach

The horse is equipped with enormous cardiac reserve (see
Chapter 32) and as a result, evaluation of the equine cardio-
vascular system at rest provides limited information. Only
when increased demand is placed on the heart during exer-
cise will the effect of more subtle cardiac or vascular lesions
become obvious. It is clearly important not to lose sight of the
plethora of other reasons that cause horses to fail to perform
to owners’ expectations.5 As has been emphasized elsewhere
in this book, the probability of heart disease is low on the list
of causes of poor performance, compared to orthopedic or
respiratory disease. Clearly field, or treadmill, exercise tests
provide the optimal environment to assess cardiac function in
equine athletes, but it is often impractical or inappropriate to
evaluate the heart at the limits of its reserve. As a result, the
clinician must rely on clinical history to provide a subjective
assessment of exercise tolerance and physical examination to
assess the hemodynamic effect of any lesions present. In
many cases, electrocardiography and echocardiography
provide additional information useful in forming a diagnosis
and prognosis.

Clinical history

The importance of obtaining a thorough case history cannot
be overemphasized in considering the significance of cardiac
murmurs or dysrhythmias in horses. It will usually be
obvious if a horse is in overt heart failure, but this is not a
frequent diagnosis in performance horses. It is much more
common to discover a cardiac murmur or dysrhythmia in an
apparently normal horse during a pre-purchase examina-
tion, when the horse is presented with a history of poor
performance, or when a horse is examined because of illness.

Cardiac murmurs and arrhythmias are detected commonly
in performance horses, creating problems for veterinarians
who must then determine their significance.1–4 This chapter
will address the diseases and abnormalities affecting the
heart and vessels of the athletic horse:

● abnormalities of cardiac rhythm
● cardiac murmurs
● diseases of the myocardium and pericardium
● diseases of the vessels.

When performance horses are presented with a cardiac
arrhythmia, or murmur, an accurate history and a thorough
physical examination are often all that is required to deter-
mine the relevance of the abnormality. As determination of
the significance of cardiac abnormalities detected by auscul-
tation forms the largest part of performance horse cardiology,
this chapter will first address the general approach to equine
cardiology cases, including the technique of cardiac auscul-
tation. During discussion of specific cardiovascular abnor-
malities, emphasis will be placed on diagnosis, the physical
signs used to assess severity and prognosis, and the most
useful ancillary aids for determining the significance of car-
diovascular dysfunction in performance horses.

Diseases of the heart and vessels
Lesley Young
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As a result, the clinician must rely on clinical history to
provide a subjective assessment of exercise tolerance and
physical examination to assess the hemodynamic effect of
any lesions present.

Cardiac auscultation

Despite advances in technology, cardiac auscultation remains
the most important technique for the diagnosis of cardiac
disease in horses. It is important to develop a systematic,
logical approach to cardiac auscultation for it to yield
maximum information. The recent suggestion that equine
clinicians find interpretation of auscultation findings difficult
only serves to emphasize the importance of developing the
necessary skills to perform this very important technique
with confidence.6

Findings from cardiac auscultation are always used in
combination with performance history, patient details, and
the remainder of the clinical examination to evaluate the
significance of any suspected cardiovascular abnormalities.

Technique
Rules

● Always auscultate both sides of the chest.
● Always palpate for an apex beat on both sides of the chest

(Fig. 33.1).
● Always maintain a standard systematic approach for

listening to the whole cardiac cycle at each valve area.
Location of valve areas Classically landmarks for local-
ization of cardiac valve areas have been described with refer-
ence to rib spaces and anatomic landmarks.7 The mental
effort of remembering the landmarks, coupled with marked
breed variation in thoracic conformation, makes this
approach difficult to put into practice. It also encourages the
clinician to remove the stethoscope from the patient’s chest,
to examine each valve individually, potentially leaving wide
areas of the cardiac auscultation area unexamined. An alter-
native approach is suggested.

Left hemithorax Palpation of the left apex beat (Fig. 33.1)
provides an easy landmark for the mitral valve auscultation
area. The apex beat should be palpated with the flat of the left
hand. The stethoscope is then placed exactly over the apex
beat. The point of maximal intensity (PMI) of sounds associ-
ated with the mitral valve is usually in this area. In this region
the first heart sound, S1, caused by various vibrations at the
onset of ventricular systole, should be loud. The third sound,
S3, associated with the end of rapid early ventricular filling,
may also be audible. It is important to appreciate that the
normal diastolic sounds S3 and S4 are not always clearly
audible in every horse. Once in position at the apex beat, the
examiner should concentrate specifically on both diastole and
systole for a number of complete heart cycles. The stethoscope
is then moved slowly and deliberately in radiating directions
around the mitral valve area while maintaining contact with
the chest wall, until S1 is no longer clearly audible.

The remaining valve areas on the left are then accessed by
gradually moving the stethoscope in a cranial direction from
the mitral valve area. Once more, the stethoscope remains in
contact with the chest wall at all times. As the stethoscope is
advanced slightly dorsal and cranial, the relative loudness of
S1 and S2 is reversed, and S2 is accentuated relative to S1. As
this occurs, the stethoscope is positioned at the point of
maximal intensity of the semilunar valves. The first, more
caudal and dorsal, valve encountered is the aortic valve. Once
in the outflow valve area, the clinician performs the same
radial scan of the area as for the mitral valve. S2 will be
loudest over the pulmonary valve, which is situated more
cranial and slightly ventral to the area in which S2 first
becomes accentuated. Occasionally an audible splitting of S2
may be heard in the area of the pulmonic valve. Usually the
sound is split due to earlier closure of the aortic valve com-
pared to the pulmonic valve, but the situation can also be
reversed in horses.8 The fourth heart sound, S4, composed of
vibrations arising from active atrial contraction is usually
heard best in the area cranial and dorsal to the apex beat.
Right hemithorax It should also become standard to
palpate for an apex beat on the right hemithorax. The vibra-
tions are often palpable in narrow-chested athletic horses. If

Fig. 33.1
Palpation of the cardiac apex beat.The apex
beat provides an excellent starting point for
auscultation on the left hemithorax. (Courtesy
of Dr LE Young and Dr KJ Blissitt, Royal (Dick)
School of Veterinary Studies, Edinburgh.)
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an apex beat is detected, it represents an excellent starting
point for thoracic auscultation. The auscultation area is more
cranial on the right, and forward placement of the forelimb is
necessary in many horses (Fig. 33.2). The only valve sounds
reliably heard in this area are associated with the tricuspid
valve. A similar radiating survey, with the stethoscope in
contact with the chest wall, should be performed around the
point of maximal intensity of the heart sounds on this side.
Many clinicians find auscultation of the right side unreward-
ing, because the heart sounds are usually quieter on the right
and there is more variation between horses. When difficulties
arise, it is usually because the stethoscope is not positioned
sufficiently cranial.

Abnormalities of cardiac
rhythm

General principles

● Arrhythmias occur commonly in athletic horses9 and the
majority, with the notable exception of atrial fibrillation
(AF), usually do not affect performance.

● In horses, use of limb leads for recording ECG traces is not
advised. Wires and crocodile clips attached to the limbs are
poorly tolerated and subject to a large amount of move-
ment artifact. In addition the pattern of depolarization of
the equine ventricle precludes using multiple leads for
assessment of cardiac size and mean electrical axis.10–12

● The base apex-lead system, or modifications to it, are used
exclusively for rhythm diagnosis in equine medicine
(Fig 33.3). This lead system produces large complexes,
which are easy to identify.13

● Diagnosis of arrhythmias has been greatly enhanced by
improvements in technology that allow ECG recordings to
be taken readily in resting and exercising horses
(Fig 33.4). The newer technology, based on palm-top
computers and hand-held battery-operated devices, is
becoming increasingly affordable for equine veterinarians
(Fig 33.5). Increased availability and practicability of this
equipment means that disorders of cardiac rhythm are
diagnosed more frequently in horses at rest and during
exercise and their significance must then be determined.

Cardiac disease is a rare primary cause of poor performance
in the equine athlete, but on the rare occasion that
performance is affected by cardiac disease, arrhythmia is the
commonest underlying cause.5 Paradoxically, alterations in
cardiac rhythm are common in athletic horses because of
their normal high parasympathetic drive,14 so the equine cli-
nician is faced with a wide variety of normal rhythms in
resting horses. Bradyarrhythmias (slow rhythms) are normal
findings in athletic horses, as are sinus and atrioventricular
block.9,15 Despite this, on rare occasions, all of these normal
rhythms can also result from cardiac disease, when the
arrhythmia causes serious decrements to performance and
presents significant risks to the rider and horse.16 Conversely,
obvious arrhythmia such as atrial fibrillation, may have no
obvious effect on the performance of horses engaged in activ-
ities that are not aerobically challenging (dressage or show
jumping). By contrast, if all of the cardiac reserve must be
used, the effect of the same arrhythmia on performance is
devastating (racing, three-day eventing).17–19 Finally, cardiac
rhythm disturbances often occur as a result of disease in
other body systems or metabolic disturbances.20,21 In such
cases, the arrhythmia rarely indicates primary heart disease.

The main hemodynamic effect of abnormalities of cardiac
rhythm is to change cardiac output. These alterations can
result from effects on heart rate or stroke volume. In some

Fig. 33.2
Auscultation of the right hemithorax is best
achieved when the right forelimb is pulled
forward.
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cases, especially when the abnormal rhythm is fast, arrhyth-
mia begets further arrhythmia as myocardial oxygen demand
increases and coronary perfusion declines in the face of
reduced diastolic blood pressure. It remains an important
general rule that treatment of arrhythmia is only indicated
when the abnormal rhythm has, or is likely to have, a
significant effect on cardiac function, or when treatment is
likely to resolve the arrhythmogenic mechanism (e.g. correc-
tion of acid–base and electrolyte imbalances).

Fig. 33.3
Placement of four silver/silver chloride
adhesive electrodes suitable for recording an
ECG during ridden exercise. High-quality
adhesive electrodes must always be used for
exercising recordings and a spare electrode is
always applied before exercise commences, in
case one should become dislodged during fast
work.This lead configuration is a modified
base-apex system.The recording system used
in this case was bipolar (positive and negative
leads only) and did not require an earth. For
recorders with an earth lead, a similar
configuration can be used, with the extra
earth electrode placed on the shoulder, or
behind the withers near the negative lead.

To record a true base-apex lead the
positive or left arm electrode is positioned at
the left cardiac apex, and the right arm
negative electrode is placed two-thirds of the
way down the jugular groove on the right.
The third (earth) electrode is placed in a
remote position away from the heart.The
ECG is recorded from lead 1 on a standard
three-lead ECG machine.This configuration
will give maximum deflections for both atrial
and ventricular waveforms, but is completely
unsuitable for prolonged monitoring, or
exercising recordings.The vertical
modification shown will still produce large
QRS deflections, but the atrial deflection (P
wave) will be slightly lower in amplitude than
that of a true base-apex configuration.

Fig. 33.4
Placement of four silver/silver chloride
adhesive electrodes suitable for recording
an ECG during ridden exercise. Once in
place as depicted in Fig. 33.3, the electrodes
remain visible to the rider and/or examiner.
As a result they can be reattached easily
should they become dislodged, and are
unlikely to be affected by the saddle or
girth slipping backwards during fast
exercise.The recording device is just visible
attached to an elastic surcingle behind the
rider’s leg where it usually causes minimum
disruption and discomfort. For harness
racing the electrodes are positioned
similarly, away from any moving harness
straps. Radiotelelemetric recording systems
can be used to obtain exercising traces.
These units use a local transmitter carried
by the horse that continuously transmits
the signal to a local recorder.They are
expensive and require that the recorder
remain within at least 250 m of the
exercising horse.This can create practical
problems for many equine athletes, unless a
horse regularly exercises with a scurry or
there is good vehicular access to the
exercise grounds.
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Atrial fibrillation

● A re-entrant rhythm disorder characterized by an irregu-
larly irregular rhythm (Fig. 33.6).

● The abnormal rhythm may occasionally self-correct
within hours to days of becoming established.

● Atrial fibrillation (AF) is the commonest cardiovascular
cause of poor performance in racehorses.

● AF can be associated with severe cardiac disease, or occur
in the absence of detectable cardiac lesions.

● Treatment depends on whether underlying cardiac disease
is present and the effect of the abnormal rhythm on
performance.

● The prognosis for successful treatment and return to
previous athletic function in the absence of cardiac disease
is fair to good.

Recognition

History

AF may occur in horses with no other evidence of cardiac
disease, or it may be precipitated by atrial dilation secondary

to underlying heart disease, most commonly longstanding
mitral regurgitation17 (Fig. 33.7). When AF occurs in isola-
tion, it is often larger breed horses that are affected. Affected
animals usually present with a history of poor performance
at maximal exertion (during finishing or sprinting in race-
horses, galloping or hill work in event horses and hunters).
Although horses affected with AF can compensate for sub-
optimal cardiac filling by increasing heart rate at all levels of
exercise to maintain forward cardiac output, they attain
maximum heart rate at lower exercise intensity and therefore
fatigue sooner.22,23 Despite attaining peak heart rates exceed-
ing 280 beats/min, affected horses fail to wholly compensate
for their reduced diastolic function. In some horses, AF is
associated with epistaxis.18,24

If AF develops suddenly, during fast work, there is an acute
decrease in cardiac output, and affected horses may pull up
suddenly, sometimes with ataxia and distress. Immediate
thoracic auscultation reveals a rapid chaotic rhythm.
Obvious performance decrements are not invariably the case,
however, as affected horses may appear to work normally at
submaximal intensity. The rhythm, once initiated can be sus-
tained, but short-lived paroxysmal AF also occurs during
exercise (Fig. 33.8).25 Paroxysmal AF resolves in the minutes,
hours, or days following exercise and may be difficult to

Fig. 33.5
Portable devices have been developed
that are competitively priced and able
to record up to 60 minutes of ECG
from exercising horses; these devices
have promise for equine sports
medicine. (Courtesy of Wheeler
Monitoring (email: jcwheeler@iee.org).)

Fig. 33.6
Electrocardiogram (base-apex configuration) of a horse with atrial fibrillation.The typical characteristics include an irregularly
irregular rhythm, coarse baseline perturbations called flutter (F) waves, and QRS complexes of normal width and morphology.
(Courtesy of Dr Ken Hinchcliff,The Ohio State University.)
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detect. As a result, AF is a possible cause for fading during
racing or competition when horses are subsequently pre-
sented in normal sinus rhythm.26

Physical examination

Auscultation findings in cases of AF will depend on the
underlying cause. The irregularly irregular rhythm will be
common to all cases of sustained AF, but in horses with AF
secondary to atrial dilation from cardiac disease, there will be
an elevated heart rate, characteristic cardiac murmurs, and
physical signs of heart failure. Careful auscultation of these

cases will reveal the underlying cause such as mitral regurgi-
tation or ventricular septal defect. Horses with AF but no
significant underlying heart disease usually have a normal
resting heart rate. Vagal tone at the atrioventricular node will
cause waxing and waning of the cardiac rhythm that can
appear deceptively similar to second degree atrioventricular
block.27 This feature can be confusing, but the two rhythms
can always be differentiated with patient auscultation
because an unexpected early beat will be always be detected
(Fig. 33.9A).

Other findings include a complete absence of the fourth
heart sound (associated with atrial contraction), often with
increased intensity of the third sound. The first and largest of
the three jugular pulsations will also be absent. Other clinical
signs will be evident if the abnormal rhythm is associated
with heart failure.

Special examination

Electrocardiography will reveal an irregularly irregular
rhythm with a complete absence of P waves. Cardiac rate will
depend on the presence or absence of associated cardiac
disease. Fibrillation or F waves may or may not be visible
(Figs 33.6, 33.9B). Echocardiography can be a useful adjunc-
tive aid to determine the presence or absence of cardiac
lesions and assess chamber size, when physical examination
and clinical history cannot rule out significant cardiac
disease (Figs 33.7, 33.10B).

Laboratory tests

AF can be associated with alterations in electrolyte status.
Plasma or serum concentrations of cardiac troponin I, iso-
enzymes of lactate dehydrogenase, and other biochemical
markers of myocardial injury and inflammation are rarely
elevated in cases of AF, unless the condition is associated with
toxic damage to the heart, or end-stage valve disease.

LA
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Fig. 33.7
Two-dimensional echocardiograph from a 3-year-old colt in
training with a season-long history of poor performance,
believed by the trainer to be due to chronic foot lameness.
When the colt developed a cough, veterinary examination
revealed a fast irregular heart rhythm and a grade 5/6 murmur
suggestive of mitral valve regurgitation.The image is taken
from the right hemithorax and shows massive left atrial
enlargement from longstanding severe mitral regurgitation.
Although the colt had no physical signs of heart failure,
treatment was not attempted and the horse was euthanased.
LA, left atrium; LV, left ventricle; RV, right ventricle.

Fig. 33.8 Base apex ECG taken from a 7-year-old Thoroughbred mare, 20 minutes after dramatically fading during fast work. Heart
rate is still elevated (average rate 140 beats/min) and the rhythm is irregularly irregular.The QRS complex width and morphology is
normal and P waves are not visible.There are positive baseline undulations between the seventh and eighth and ninth and tenth beat
that may be mistaken for P waves (downward pointing red arrows). Closer inspection reveals them to be too close to the QRS
complex that follows and more characteristic F waves are visible in the long diastolic interval before the final QRS complex.This
trace illustrates the high heart rate maintained by horses affected with paroxysmal atrial fibrillation.The horse spontaneously
converted to normal sinus rhythm within 5 hours of the bout occurring.
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Treatment

Therapeutic aims

The therapeutic aims vary depending on the circumstances
and cause of AF. When AF affects athletic performance and

there is no evidence of underlying heart disease, therapy
aims to convert AF to normal sinus rhythm and to prevent its
recurrence. However, if AF is not associated with perform-
ance decrements, treatment may not be required, provided
underlying heart disease can be ruled out. When AF coexists
with heart failure, the abnormal rhythm should not be

00:00
00:30
01:00
01:30
02:00
02:30
03:00
03:30
04:00
04:30

(A)

2 mV

(B)

Fig. 33.9 (A) Summary of a continuous 5-minute ECG
recording from a 5-year-old Thoroughbred race horse.The
summary clearly demonstrates the irregular irregularity of atrial
fibrillation that would become obvious with prolonged
monitoring by auscultation. Notice that during periods of rapid
conduction the rhythm can seem almost regular and that during
periods of slow conduction it might be mistaken for sinus
arrhythmia and second degree AV block.As a result, the rhythm
is not infrequently missed when a cursory examination by
auscultation is performed. (B) This expanded ECG trace of the
horse in A shows fine atrial fibrillation. Even after increasing the
sensitivity of the ECG recorder obvious coarse F waves were
not visible. Only the absence of P waves and the fairly subtle
irregularity of R–R intervals reveal the underlying rhythm
disturbance.The horse converted to normal sinus rhythm after
oral administration of a total of 24 g of quinidine sulfate.
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Fig. 33.10
(A) Two-dimensional echocardiograph from an 8-year-old Thoroughbred race horse with atrial fibrillation associated with a sudden
decrease in race performance.The image is derived from the right hemithorax with the transducer positioned to obtain a short-axis
view of the atrium and aorta. Comparison of the relative width of the left atrium with respect to the aortic root provides useful
reference for determination of left atrial enlargement, regardless of horse size. Normal horses have a left atrial to aortic root ratio
of less than 1.2:1.Although there was a grade 2/6 murmur of mitral regurgitation, the left atrial:aortic width ratio was within normal
limits.The horse converted to normal sinus rhythm after administration of 45 g of quinidine sulfate p.o. LC, left coronary cusp of
aortic valve; NC, non-coronary; RC, right coronary cusp; LA, left atrium; RV, right ventricle; RA, right atrium. (B) Two-year-old
Thoroughbred flat racing filly with atrial fibrillation that presented with lethargy and poor exercise tolerance.The image is derived
from the right hemithorax with the transducer positioned to obtain a short-axis view of the atrium and aorta.Visual inspection of
the same image as in Fig. 33.10A shows the greatly increased left atrial:aortic width ratio (2.9:1).The difference is accentuated as low
output cardiac failure has reduced left ventricular stroke volume and blood pressure and concurrently aortic diameter has also
reduced.The filly was treated using digoxin to control cardiac rate, diuretics to reduce congestion, an angiotensin converting enzyme
inhibitor (enalapril) to reduce cardiac afterload, and a calcium-sensitizing agent and phosphodiesterase inhibitor (pimobendan) to
enhance myocardial contractility and further reduce afterload. Quinidine treatment is not appropriate when atrial fibrillation occurs
secondary to left atrial enlargement.AO, aorta; RVOT, right ventricular outflow tract; LA, left atrium.



specifically treated. Treatment goals in this instance include
control of ventricular response rate, reduction of volume
overload by diuretics, and cardiac afterload reduction by
vasodilation.28,29

Therapy

Before drug therapy is contemplated, any underlying fluid,
electrolyte or acid–base abnormalities should be corrected.
When horses become dehydrated, or develop abnormalities of
acid–base and electrolyte abnormalities, as might occur
during three-day events or endurance competitions, restora-
tion of fluid and electrolyte balance alone may be sufficient
for normal sinus rhythm to restore itself.

Quinidine sulfate, a Class 1A antiarrhythmic, is tradi-
tionally administered to affected horses via a stomach tube
to convert AF to normal sinus rhythm.30,31 Intravenous
administration of quinidine gluconate has been
described,32 but this preparation, though more convenient,
is less effective when the arrhythmia is longstanding.31,33

The intravenous preparation of quinidine gluconate is not
available in the UK and production of quinidine sulfate has
recently been discontinued. As a result quinidine must now
be imported and as difficulty in obtaining quinidine sulfate
increases in Europe, there has been a drive to investigate
alternative treatments of equine AF. The Class 1C antiar-
rhythmic, flecainide, is more efficacious than quinidine in
returning human patients to sinus rhythm after sustained34

and paroxysmal AF,35 and its use has been investigated in
horses.36 Flecainide was effective in returning horses to
normal sinus rhythm after AF was induced by rapid atrial
pacing,37 but there are currently no data available on the
efficacy of flecainide in naturally occurring disease. Class 3
agents, amioderone, sotalol, dofetilide, and ibutilide, also
lengthen action potential duration and are being increas-
ingly used alone and in combination for acute and chronic
treatment of paroxysmal35 and sustained AF in humans.38

These agents have not been fully investigated in horses and
their cost is likely to be prohibitive. Direct current car-
dioversion is also used in human medicine to convert 
AF to normal sinus rhythm and a similar technique has 
been used successfully to treat refractory atrial flutter in a
horse.39

Treatment of atrial fibrillation with quinidine sulfate
Horses should not be treated for the first 72–96 hours follow-
ing the development of AF, as some will spontaneously revert
to normal sinus rhythm. Treatment should be contemplated
only if there is no evidence of cardiac failure and if there is
compromise of athletic ability.
Regime Traditionally the administration of a test dose of
quinidine sulfate (10 mg/kg p.o.) was given to check for
idiosyncratic reactions before commencing treatment.
However this is not necessary and treatment is begun with
20 mg/kg quinidine sulfate administered via nasogastric
tube (10 g per 500 kg horse). This dosage is repeated every
2 hours until sinus rhythm is restored, signs of toxicity
develop, or a maximum total dose of 60–80 g (120 mg/kg)
is achieved.

Signs of toxicity include urticaria, diarrhea, anorexia,
weakness, ataxia, and tachycardia.18,31 Nasal edema with
stertorous breathing, and depression are commonly
observed after only a few doses. Horses receiving quinidine
should not be moved, as quinidine causes hypotension
through �-receptor blockade.40 A relationship has been
demonstrated between high plasma quinidine concentra-
tions ataxia and respiratory tract stridor, but not between
plasma quinidine concentrations and tachycardia, diar-
rhea, or colic.31 These authors also noted that conversion to
normal sinus rhythm was less likely when signs of quini-
dine intoxication were present.31 Laminitis has also been
reported after quinidine treatment, but this side effect
appears to be rare. Sudden death can also occur, usually
without premonitory signs. In common with all Class 1A
antiarrhythmic drugs, quinidine also has pro-arrhythmic
properties.41 By lengthening the myocardial cell refractory
period through an effect on the repolarizing potassium
channels, quinidine increases the risk of severe ventricular
rhythm disturbances.40 Because the drug increases atri-
oventricular (AV) nodal conduction, it has the potential to
produce rapid supraventricular, as well as ventricular,
tachycardia.40 ECG recordings should be made before each
treatment, and the QRS and QT interval measured. A 25%
increase in the width of the QRS interval is associated with
quinidine intoxication.31

Heart rate and rhythm must be monitored throughout
treatment. The most common arrhythmia is supraventricular
tachycardia (SVT) and it can be treated by the intravenous
administration of 0.002 mg/kg digoxin.31 However, digoxin
has a slow onset of action and a long half-life and although
the drug decreases AV nodal conduction and reduces heart
rate, it also tends to stabilize AF by increasing the number of
wavelets circulating in the atria and decreasing their wave-
length.42 This electrophysiological property makes digoxin of
questionable benefit in the conversion of AF and it may be
best withheld unless the supraventricular rhythm is life
threatening. Usually, provided no further quinidine is given,
tachycardia gradually subsides as plasma quinidine concen-
trations fall.

Horses that fail to revert to sinus rhythm after adminis-
tration of 120 mg/kg quinidine, or that develop unaccept-
able side effects during cumulative dosing, sometimes
respond to a second series of 20 mg/kg treatments after 24
hours without drug administration. Indeed some horses
convert to normal sinus rhythm up to 24 hours after the
final dose of quinidine has been administered without any
additional drug administration or treatment. Recognition
that horses are less likely to convert to normal sinus rhythm
during quinidine intoxication,31 probably explains this phe-
nomenon, as the plasma concentration of the drug will
return to the therapeutic range with time. The potential
severity of quinidine’s side effects has led to modifications of
the traditional cumulative 2-hourly regime and an alterna-
tive regime has been suggested.31 If a horse fails to respond
to the initial 2-hourly treatments, when signs of toxicity
develop, or when the maximum dose of quinidine has been
reached, quinidine administration is continued at 6-hourly

735
33 Diseases of the heart and vessels



736
Cardiovascular system

intervals. These workers also recommend that digoxin
(0.01 mg/kg) be given orally every 12 hours until sinus
rhythm is restored. It has been suggested that this treat-
ment regime reduces side effects, and decreases the total
dosage of quinidine needed for successful conversion. It is
worthy of note, however, that there is a possibility that the
horse might convert to normal sinus rhythm once quinidine
treatment has been discontinued without additional treat-
ment, making the actual benefit of this regime difficult to
assess. As a result, a pragmatic approach to patients failing
to respond on day 1 of treatment is to wait for 24 hours
without further drug administration and then commence
6-hourly quinidine administration, only if the 2-hourly
regime fails for a second time. This modified regime avoids
the practical difficulties of treatments during night hours.
The use of digoxin in cases with pre-existing myocardial
dysfunction has also been suggested, or after initial treat-
ment fails,31 but as discussed previously, concurrent use of
digoxin also carries the risk that the abnormal rhythm may
be stabilized, rather than abolished.
Aftercare Following successful conversion to normal
sinus rhythm and return to a normal resting heart rate, it
has been suggested that the horse should be checked for
the presence of atrial premature systoles using 24-hour
Holter monitoring.43 The presence of frequent premature
atrial systoles and atrial arrhythmias is suggested to indi-
cate an increased risk of recurrence of AF. These authors
suggest specific antiarrhythmic therapy (quinidine or
digoxin) or anti-inflammatory therapy (see later) and pro-
longed rest (3–4 months) for such cases to reduce the like-
lihood of recurrence.40 Unfortunately, there is no data
available to assess critically the benefit of these various
strategies for horses following successful conversion to
normal sinus rhythm. As a result, in commercial practice
when there are considerable financial pressures for horses
to perform, coupled with a short competitive season, only
after a patient reverts repeatedly to AF would such meas-
ures be contemplated.

A more pragmatic approach, even when AF may have
been longstanding, is to rest the horse completely for
5–7 days, to allow the residual affects of quinidine to
subside. The horse is then gradually returned to fast training
over 3–4 weeks. Owners/trainers are advised to monitor
cardiac rhythm regularly by palpation of the apex beat
(Fig. 33.1), especially after fast work, throughout this
period. While longer periods of rest may be optimal to allow
the atria the best chance to remodel both mechanically and
electrophysiologically, the cost–benefit of prolonged rest is
currently unknown and commercial pressures usually
preclude this.

Prognosis

Horses with longstanding AF (> 4 months) are less likely to
convert to normal sinus rhythm and are more likely to
revert to fibrillation after treatment than horses with more
recent onset of the arrhythmia.17,31 The success rate for

conversion from AF to normal sinus rhythm using quini-
dine varies between 82 and 87%.18,31 As a result, failure to
achieve normal sinus rhythm occurs not uncommonly and
owners should always be forewarned that success is not
inevitable. When treatment of AF is successful, horses
should return to their previous exercise tolerance.
However, if the dysrhythmia is not affecting performance,
in most cases, treatment should not be attempted. In some
horses, recurrence of paroxysmal or sustained AF is a
problem, although some owners and trainers become
aware of the trigger factors and learn to manage them
accordingly. In other cases when frequent recurrence or
poor tolerance of treatment occurs, an alternative career
can often be found for the horse. In such cases, and before
treatment is attempted, it is important to establish that the
rhythm is present in isolation and has not occurred
secondary to atrial enlargement and heart failure (Figs
33.7, 33.10B). It is also advisable to monitor the heart rate
and rhythm regularly at the intensity of exercise at which
the horse is expected to perform. When AF exists with signs
of heart failure, prognosis for return to athletic activity is
hopeless.

Etiology and pathophysiology

AF is a re-entrant rhythm disturbance. The mechanism
that was widely held to underlie the arrhythmia was that of
multiple wavelets, a model that hypothesized that large
numbers of wavelets moved randomly through the atria.44

This theory has recently been superseded by evidence from
complex electrophysiologic mapping studies that have sug-
gested the wavefronts actually originate from the uninter-
rupted periodic activity of a small number of discrete
re-entrant sites in the left atrium (rotors) possibly in the
region of the pulmonary veins.45 It seems likely that the
rhythm is maintained because of differences in electro-
physiologic characteristics between anatomic sites in the
atria and between the left and right atria themselves.
Regardless of the mechanism, the rhythm is maintained by
a large atrial mass and inherent differences in the length of
the refractory periods of atrial cells. The cells with long
refractory periods produce physiologic blocks, and the
large mass of tissue allows cells to repolarize before the
initial wavefront has died out. As a result, waves of excita-
tion continuously circle around the atria. Both atrial flutter
and true AF occur in the horse. The difference probably
reflects the number of wavelets in circulation. (Figs 33.6,
33.9B).

The risk of re-entry becoming established is increased
with changes in autonomic tone.46 Both parasympathetic
and sympathetic stimulation increase the inhomogeneity
of refractoriness within the atria, by changing the refrac-
tory period of the myocytes.47 Most commonly in horses
these changes occur during fast exercise or recovery, but
they can also be invoked by use of vagotonic drugs such the
�-adrenoreceptor agonists (xylazine, romifidine, and deto-
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midine) and the opiates (butorphanol). Paroxysmal and
sustained AF can also follow sedation, anesthesia,48 and
occasionally occurs after disease in other body
systems.49,50

AF results in a decreased stroke volume due to the loss of
the atrial contribution to filling. The atria contribute up to
15–20% to ventricular filling, but in most horses at rest the
loss of the atrial contraction has little effect on cardiac
output.49 However during exercise when the heart rate is
high and the time available for ventricular filling is reduced,
the atrial contribution to filling becomes important.
Therefore horses with AF have reduced performance only
during maximal exertion, unless there is some other 
underlying cardiac disease that has precipitated the dys-
rhythmia. When present, AF always affects performance in
racehorses.

Longstanding AF results in extensive electromechanical
remodeling of the atrial muscle cells, including changes in
the expression of membrane-bound ion channels.45 This
effect probably explains why sinus rhythm is difficult to re-
capture and subsequently maintain in some of these
horses. In the series of cases examined by Else & Holmes,51

36/45 affected horses had gross lesions affecting the atria,
including dilation, thinning, and fibrosis. The left atrium
was more commonly affected than the right. Eighty
percent of affected horses had lesions affecting the cardiac
valves, most commonly the mitral valve, confirming clini-
cal evidence that left atrial enlargement and mitral valve
disease are important in the pathogenesis of sustained AF
in horses.

Epidemiology

This arrhythmia is the commonest cardiovascular cause of
poor performance in horses. Based on this author’s epi-
demiologic studies on UK training yards, the approximate
incidence of the sustained form of the arrhythmia is 1% in
National Hunt Thoroughbreds. When large numbers of
horses from a mixed population were examined, the preva-
lence of AF varied between 2.5 and 2.4%51 and increased
with age, an observation that probably explains the differ-
ence between the two groups of horses. Else & Holmes also
observed that draught and heavy horses were overrepre-
sented in their affected horses. The prevalence of the sus-
tained form of AF is lower in smaller Thoroughbreds, but it
appears to have a similar prevalence in Standardbred
horses.17 It is likely that paroxysmal AF occurs more com-
monly than is recognized in horses of all types, since unless
performance is obviously affected, the rhythm goes
unnoticed,25 a situation that is similar in people.52

Standardbreds, young horses, and males predominated in
a group of 67 horses studied by Reef and colleagues
(1988), but it is likely that these data reflect the bias of sex,
breed and age in athletic horses, rather than relate to
prevalence of AF in the horse population per se.17 In the
same study the majority of horses affected with AF had no
clinical evidence of other cardiac disease (56.7%),

Supraventricular premature
systoles

● Supraventricular premature beats arise from tissue above
the level of the atrioventricular node. They usually origi-
nate in the atria and occur not infrequently in athletic
horses.

● Their significance and underlying etiology is not well
understood, although increased excitability of atrial tissue
is associated with atrial stretch in severe cardiac disease
(Figs 33.7, 33.10B).

● They can also be associated with primary myocardial
damage (myocarditis), systemic disease, and electrolyte
and acid–base derangement.

● Electrocardiographic examination is required for a
definitive diagnosis.

● Electrocardiographic monitoring during appropriate
exercise will be required to assess the effects of changes in
autonomic tone and to determine the effect, if any, of the
arrhythmia on performance.

Recognition

History

Supraventricular premature beats are usually detected inci-
dentally during cardiac auscultation or palpation of arterial
pulses in otherwise normal horses. They may be detected in
association with myocardial inflammation or, more com-
monly, severe cardiac disease that has resulted in atrial dila-
tion e.g. atrioventricular valve disease, large ventricular
septal defect, or dilated cardiomyopathy. Supraventricular
arrhythmia may also accompany systemic disease or any
condition that modifies autonomic tone and alters electrolyte
and acid–base status.

Physical examination

Isolated cardiac contractions are noted to follow too early in
an otherwise normal rhythm during cardiac auscultation or
pulse palpation. During supraventricular tachycardia, a fast
regular rhythm will be noted by auscultation.

Special examination

A definitive diagnosis and the origin of all ectopic complexes
must be determined by electrocardiography (Figs 33.11,
33.12A). When the complexes are atrial in origin, one or
more premature complexes with normal QRS morphology
will break the regular cardiac rhythm. The morphology of
the preceding P wave may be different to the sinus beats
(Fig. 33.12A), but the QRS complex will follow after the
normal P–R interval. Occasionally the premature P wave will
be buried in the preceding T wave and may be difficult to
locate (Fig. 33.11).



In horses with isolated atrial premature beats without
underlying disease, an ECG during appropriate ridden exer-
cise will be required to assess the effect of exertion upon the
arrhythmia and to evaluate its effect on athletic performance
(Fig. 33.12).
Other tests In all cases of persistent supraventricular
ectopic activity in horses, thorough evaluation of electrolyte
status and assessment of other body systems should precede
expensive specialized cardiac examinations.

Laboratory analysis of blood samples for concentrations of
cardiac troponin I and isoenzymes of lactate dehydrogenase
may also be useful to assess active myocardial necrosis and
inflammation.

Echocardiography is also used to rule out cardiac chamber
enlargement and abnormal wall motion suggestive of pre-
vious myocardial damage. In the majority of cases the results
of all these examinations are unremarkable, or equivocal.

Treatment

Therapeutic aim

It is a general rule that arrhythmia should always be consid-
ered in the context of the patient’s concurrent disease.
Treatment of an atrial rhythm disturbance is only warranted
when there is obvious decrement to cardiac function as a
result of the abnormal rhythm, or if the rhythm is likely to
degenerate into a more sinister life-threatening arrhythmia,
a situation that is unlikely for most atrial arrhythmias.

As isolated atrial premature beats are not infrequently
encountered in performance horses, they present a dilemma
to the veterinarian. Usually specific antiarrhythmic treat-
ment is not indicated, as the premature beats are too infre-
quent to significantly affect cardiac output at rest. Clearly in
these animals it is important to establish what happens to
heart rhythm during exercise. In many cases when sinus rate
exceeds the firing rate of the single ectopic focus, there is
overdrive suppression of the ectopic focus and cardiac
rhythm is normal (Fig. 33.12).

Therapy

Atrial arrhythmias due to confirmed or suspected non-
infectious myocardial disease may respond to treatment with
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Fig. 33.11
Atrial premature beats in a 4-year-old National Hunt horse.The cardiac rhythm is broken by premature QRS waves indicated by
red arrows.The premature complexes have a normal morphology and width.Their origin is not immediately obvious, as discrete
associated ectopic P′ waves are difficult to discern because of their close proximity to the preceding T wave. Only in the third
complex is a P′ wave obvious as it interrupts the preceding T wave. Note the normal P′–R interval that precedes the ectopic beat.
Closer inspection of the T wave of the first two ectopic beats reveals them to be subtly different from the sinus T waves, suggesting
that they also contain a P′ wave.
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Fig. 33.12
(A) Atrial ectopy in an 8-year-old National Hunt gelding first
diagnosed with the condition as a 2-year-old colt. Note the
single atrial ectopic beat (arrow) followed by a normal 
P′–P interval.The ectopic P′ wave has a slightly different
shape; unlike the sinus beats it is not bifid. (B) Same horse as
in A. On exercise the ectopic focus was overridden, as shown
in this trace from the horse taken during trotting (heart rate
= 110).The R–R interval is constant and P waves are still
visible, distinct from the preceding T waves. (C) Same horse as
in A and B.At very fast heart rates (heart rate = 232) the P
wave becomes increasingly difficult to discern, as it is now
buried in the preceding T wave, but the R–R interval is
absolutely regular.There is thus no evidence that the atrial
arrhythmia present should be affecting performance in this
individual.The condition was never treated and the horse was
a successful flat and jumps racehorse, until lameness
terminated his career at 8 years old.
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anti-inflammatory agents (dexamethasone 0.02–0.2 mg/kg)
and rest. However the efficacy of treatment is not proven and
a period of rest alone (2–3 months) can also result in resolu-
tion of the arrhythmia. We have also used oral prednisolone
therapy in some cases. This treatment’s efficacy is not proven
either, but seems to be well tolerated. Our usual regime for a
500 kg horse is 400 mg prednisolone, orally, once daily for
4–7 days, 200 mg prednisolone daily for 4–7 days, and then
100 mg prednisolone daily for 4–7 days.

Prognosis

The prognosis for horses with atrial prematurity in the absence
of cardiac disease is good. In these horses, the arrhythmia is
rarely associated with poor performance and although there is
a theoretical increased risk of AF developing in affected horses,
this complication seems to occur rarely. Usually these horses
remain in full work and competition, the arrhythmia may
resolve, or be evident at each subsequent examination. When
the arrhythmia is associated with laboratory or echocardio-
graphic evidence of myocarditis, the prognosis is more
guarded, although a percentage of affected animals will return
to athletic performance following rest, steroid therapy, or the
combination. When supraventricular arrhythmia is associated
with severe cardiac disease, the prognosis is poor.

Etiology and pathophysiology

Specific information regarding the etiology of supraventricu-
lar ectopic beats in horses is lacking, but based on data from
other species, the condition is associated with cardiac disease
resulting in atrial dilation, stretch, and hypoxia. In the
absence of specific cardiac pathology, electrolyte abnormali-
ties alter atrial myocyte automaticity and, coupled with alter-
ations in autonomic balance, promote ectopic activity and
arrhythmias in other species. In horses, it has been suggested
that the ectopic foci come from areas of local ischemia in the
atria that provide the physiologic substrate for increased
automaticity as the myocytes become hypoxic and die. Indeed
areas of diffuse and focal fibrosis are common in the equine
myocardium at post-mortem examination.53–55 The precise
etiology of the lesions is unknown, but the hypothesis that
they are important in the pathogenesis of atrial arrhythmia is
supported by a case report by Button and colleagues.56 These
authors identified areas of myocytolysis and replacement
with fibrous tissue in the atrial myocardium of a Quarter
Horse with multiple atrial arrhythmias.

Ventricular premature
systoles

● Ventricular premature beats arise from tissue at or below
the level of the atrioventricular junction (Figs 33.13,
33.14).

● Five or more consecutive ventricular premature beats con-
stitute ventricular tachycardia, a rapid and potentially life-
threatening rhythm that can lead to ventricular
fibrillation and death.

● The significance and underlying etiology of ventricular
premature beats in horses is not well understood,
although in common with other species, increased
excitability of equine ventricular myocardium is associ-
ated with ventricular dilation and myocardial hypoxia,
inflammation, or necrosis.

● In horses ventricular premature beats are most often asso-
ciated with disease of other body systems, electrolyte and
acid–base derangement.20

● Ventricular premature beats occur commonly in the early
cardiac slowing period after fast exercise in athletic horses
when their presence rarely indicates cardiac pathology
(Fig. 33.15).

● Because of the possibility of life-threatening ventricular
tachycardia developing during exercise, horses with ven-
tricular premature beats at rest should be retired from
ridden work until thorough systemic and cardiovascular
examinations can be performed.

Recognition

History

Ventricular premature beats are usually detected inciden-
tally during cardiac auscultation or palpation of arterial
pulses in otherwise normal horses. They may be detected
in association with severe cardiac disease that has resulted
in ventricular dilation (e.g. aortic valve disease or dilated
cardiomyopathy), myocardial inflammation (e.g. myocardi-
tis), or during disruption of the normal intracardiac con-
duction system (e.g. intra-interventricular septal rupture
of an aortic root aneurysm).57 Ventricular arrhythmia
may also accompany systemic disease21 or extreme exer-
tion,58 and any other conditions that modify autonomic
tone, induce hypoxia, and alter electrolyte and acid–base
status.20

Isolated and multiple ventricular ectopic beats are com-
monly detected in horses during the immediate early slowing
period after maximal exercise. They rarely seem to be associ-
ated with primary cardiac disease and probably should not be
overinterpreted when they appear only at this time. If they
occur during work, the situation is quite different and an
underlying cause should be sought and treated if possible. In
the meantime the horse must be retired from ridden work
because the risk of ventricular fibrillation is a significant
danger to both horse and rider.

In general when considering ventricular ectopic beats in
horses ‘judge them according to the company they keep’.

Physical examination

Ventricular premature beats are usually detected incident-
ally during cardiac auscultation or palpation of arterial 
pulses, when they can be difficult to distinguish from
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supraventricular premature beats. Depending on their
proximity to the previous conducted beat, they may be
associated with a palpable pulse deficit. Isolated cardiac
contractions are noted to follow too early in an otherwise
normal rhythm and are usually followed by an obvious
pause that might help to distinguish them from atrial pre-
mature contractions. During ventricular tachycardia, a
fast regular rhythm will be noted by auscultation.

Special examination

A definitive diagnosis and the origin of the ectopic complexes
can be determined by electrocardiography. When the com-
plexes are ventricular in origin, one or more premature com-
plexes with normal or abnormal QRS morphology will break
the regular cardiac rhythm. Although QRS morphology may
vary, these complexes are always dissociated from normal
sinus activity. The sinus node continues to fire at its normal
rate, since the atria are electrically isolated from the
ventricles and the site of ectopic activity (Fig. 33.13A,
33.14). If the premature beat originates in the ventricular

myocardium it will have a wide and bizarre configuration,
since it will not be conducted using the normal His–Purkinje
system (Fig. 33.13A). By contrast, if it arises from the atrio-
ventricular junctional tissue, or from high up in the
His–Purkinje system, the QRS complex may be similar in
configuration to the normal sinus beats (Fig. 33.14). In this
case, the premature impulse is still conducted through the
ventricle using normal conduction pathways and therefore is
neither altered in shape, nor abnormally prolonged.
Other tests In all cases of persistent ventricular ectopic
activity in horses, thorough evaluation of electrolyte status
and assessment of other body systems should precede expen-
sive specialized cardiac examinations.

Laboratory determination of plasma or serum concentra-
tions of cardiac troponin I and the isoenzymes of lactate
dehydrogenase may be useful to assess active myocardial
necrosis and inflammation.

Echocardiography is also used to rule out cardiac chamber
enlargement and abnormal wall motion suggestive of previ-
ous myocardial damage. The results of all these examinations
may be unremarkable or equivocal.
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Fig. 33.13
(A) Inverted base apex ECG obtained from a 9-year-old
Thoroughbred race horse with an arrhythmia at rest.A wide
bizarre complex occurs after the third sinus beat.The bizarre
shape of the premature QRS complex (green arrow) suggests
ventricular origin and this is confirmed by the presence of the
dissociated sinus P wave (red arrow) that follows at the normal
sinus rate.Atrioventricular (AV) dissociation is another hallmark
of ventricular prematurity.The sinus P wave follows as normal,
but is not conducted to the ventricles, as they remain refractory
due to the premature beat. In cases like this it is important to
determine the effect of exercise on the ectopic focus and cardiac
rhythm. In this case treadmill exercise was used. (B) Inverted base
apex ECG from the same horse during trot. Note the increased
sinus rate (heart rate = 120). Beats 2 and 8 are premature (green
arrows) and have a slightly different conformation and are slightly
wider suggesting a ventricular origin.There is still AV dissociation,
but as sinus rate has increased the inverted P wave is just visible
at the start of the inverted QRS complex of the premature beat.
(C) As in A and B, the ventricular prematurity continues (green
arrows, beats 8 and 15) during hack canter at 10 m/s.
(D) Inverted base-apex ECG from the horse in A–C 30 seconds
after exercise to fatigue.Although ectopic beats are common in
the early recovery period after exercise in athletic horses, (see
Fig. 32.15), this horse suffered multiple sustained runs of
ventricular prematurity. Beats 5, 6, 9, 10, 11, 13, and 14 are
ventricular fusion beats (red arrows).These complexes occur
when an ectopic ventricular beat is superimposed on a normal
sinus beat. Beats 8, 12, 15, and 16 are premature ventricular beats
(green arrows).This horse was rested for 3 months and repeat
exercise testing showed the ectopic focus to have resolved. He
returned to full competition.



Treatment

Therapeutic aim

The therapeutic aims are to treat the underlying disease
process, restore normal electrolyte and acid–base status,
return the heart to normal sinus rhythm if the ventricular
rhythm disturbance is life threatening, and abolish abnormal
ventricular automaticity.

Therapy

It is a general rule that arrhythmia should always be consid-
ered in the context of the patient’s concurrent disease.
Premature systoles are usually associated with hypoxia,
myocardial disease, electrolyte and metabolic disturbances,
elevated sympathetic tone, fever, and toxemia. Therefore the
first therapeutic aim is to treat any of the predisposing disor-
ders rather than the arrhythmia per se.

Treatment of a ventricular rhythm disturbance with
antiarrhythmic agents is only warranted when there is
obvious decrement to cardiac function as a result of the
abnormal rhythm, or if the rhythm is likely to degenerate
into a more sinister life-threatening arrhythmia (ventricu-
lar fibrillation). This scenario is most likely to occur during
general anesthesia, the postoperative period, or during
generalized sickness. The Class 1B, fast sodium channel
blocker lidocaine is generally accepted to be the drug of
choice for the treatment and management of ventricular
arrhythmia in this context.59

Specific antiarrhythmic treatment for ventricular
ectopic beats in performance horses is usually not indi-
cated, as they are too infrequent to significantly affect
cardiac output at rest. However ventricular ectopic beats
may be the only abnormal finding in horses presented for
poor or loss of performance when their significance is
much more perplexing. In most cases the ectopic beats do
not occur with sufficient frequency during exercise to
significantly compromise cardiac output (Fig. 33.13), yet
despite extensive investigations, no other cause of poor per-
formance can be established. It seems possible that
increased ventricular automaticity reflects myocardial cel-
lular damage or is a marker of subtle damage to other ele-
ments of the oxygen transfer chain that in themselves are
responsible for reduced aerobic capacity and performance
limitation. The precise nature of the insult, or its etiology,
is unknown and further studies of affected horses are
clearly required. However, clinical experience and anec-
dotal evidence suggest that a clinical syndrome of poor
performance associated with ventricular ectopy and
reduced heart rate recovery following fast exercise exists in
Thoroughbred race horses in the UK. Usually biochemical
markers of myocardial damage (isoenzymes of lactate
dehydrogenase or cardiac troponin I) are not significantly
elevated at the time horses are presented. There is usually
no specific indication to treat the arrhythmia, so treatment
is usually empiric including rest with, or without, steroid
therapy section (see ‘Therapy’ in ‘Supraventricular prema-
ture systoles’).
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Fig. 33.14
Junctional ventricular ectopic beats in a horse presented with
poor performance.The normal sinus rhythm is broken by a
premature QRS complex with similar morphology to the
normal sinus beats.The premature beat (green arrow) is
followed immediately by a P wave (red arrow).As the ventricle
is still refractory, the P wave does not result in a QRS
complex, but normal sinus rhythm is not interrupted.This AV
dissociation is a hallmark of ventricular prematurity.Although
the premature complex is not noticeably wider than the sinus
beats, it is still ventricular in origin. Its configuration suggests
that it originates from the AV junctional, or His–Purkinje
system, and has been conducted using the normal conduction
pathways. Note that the T wave preceding the ectopic beat is
exactly the same as the other sinus T waves, so that an
ectopic P′ wave could not have been hidden within it
(compare with Fig. 33.11). (ECG courtesy of Mr Charlie Smith
MRCVS, Greenwood Ellis & Ptners, Newmarket, UK.)
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Fig. 33.15
The difficulty of interpretation of postexercise ventricular
ectopy is illustrated by the trace recorded from a
Thoroughbred race horse during recovery from work at
home.The horse worked only at three-quarters pace.This
rhythm shows ventricular ectopic beats occurring in pairs or
couplets (red arrows). Couplets occur after the first and the
eighth beats and were frequent for 2 minutes after exercise.
In this case the abnormal complexes are not unduly wider
than the normal sinus beats, indicating a junctional origin.
This finding is not uncommon in horses.A definite diagnosis
of a ventricular origin is possible however, because there is
clear evidence of AV dissociation. Note that the first abnormal
complex appears too close to its preceding P wave, that in
turn has followed the P wave of the normal beat after an
appropriate time.The third normal sinus P wave in each case
is buried in the ST segment between the coupled ectopic
beats.This recording was taken from an 8-year-old National
Hunt horse rated in the top 10% of National Hunt racehorses
in the UK.The trace was recorded 2 weeks after the horse
had won a £13 000 race and 1 week before finishing 
second in a £17 000 race.The ECG was taken during normal
work at home on a ‘slow’ day.There was no history of poor
performance.The horse lost his place in the second race after
jumping badly.There was no evidence of cardiorespiratory,
systemic disease nor poor athletic performance in this
individual.
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Prognosis

The prognosis for ventricular prematurity and ventricular
arrhythmia is dependent upon the severity of the underlying
disease. When the arrhythmia is associated with laboratory
or echocardiographic evidence of myocarditis, the prognosis
is guarded/poor, although a percentage of affected animals
will return to their previous athletic performance following
rest and/or steroid therapy.

Ventricular ectopic beats that occur only in recovery from
fast exercise are usually of no significance (Fig. 33.15).

Etiology and pathophysiology

Specific information regarding the etiology of ventricular
ectopic beats in horses is lacking, but based on data from
other species, increased automaticity of ventricular
myocytes is associated with cardiac disease resulting in ven-
tricular dilation, stretch, and hypoxia. In the absence of
primary cardiac pathology, electrolyte abnormalities,
hypoxia, toxins and alterations in acid–base status can
provide the physiologic substrates for increased myocyte
and pacemaker irritability and invoke re-entry.60

It has been suggested that isolated ventricular ectopic
beats emanate from ischemic foci that provide the physio-
logic substrates for increased ventricular automaticity
during myocyte death. There is circumstantial evidence to
support this hypothesis, as areas of focal fibrosis are
common in the equine myocardium at post-mortem exam-
ination.53–55 The precise etiology of these lesions is
unknown, although small coronary artery occlusion by
arterial atherosclerosis has been proposed as a possible
underlying cause.55,61 Canley & McCullogh55 demonstrated
a significant association between the occurrence of proxi-
mal aortic Strongylus vulgaris lesions and the presence of
focal ischemic lesions in the myocardium. They hypothe-
sized that this association was not the result of direct larval
damage to the heart but was caused by microembolization
from the parasitic lesions in the proximal aorta that caused
myocardial obstructive arteriosclerosis. The role of
myocardial cell death and ischemia in the etiology of ven-
tricular rhythm disturbances in horses is supported by case
reports by Traub-Dargatz and colleagues in 1994 and
Machida and colleagues (in 1992). These workers
identified areas of myocytolyis and replacement fibrosis in
the ventricular myocardium of horses after fatal ventricu-
lar dysrhythmias.62,63

Bradydysrhythmias

● These include sinus bradycardia and arrest (Fig. 33.16),
second (Fig. 33.17) and third degree atrioventricular (AV)
block (Fig. 33.18).

● All these rhythms, except third degree atrioventricular
block, are also normal findings in athletic horses,
reflecting high resting parasympathetic tone.

● When pathologic, they are characterized by an inappro-
priately low heart rate and blunted chronotropic
responses to exercise, or sympathomimetic agents
(atropine).

● Third degree AV block is rarely diagnosed in athletic
horses, but when present it always affects performance
and carries a guarded prognosis.
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Fig. 33.16
(A) Sustained base apex ECG recording at rest in a 2-year-old
colt presented for poor performance.Atrial fibrillation was
suspected during cardiac auscultation.The summary trace
shows that the arrhythmia is caused by apparent variations in
sinus firing rate (sinus arrhythmia) and sinus block when there
is complete absence of sinus activity for at least one R–R
interval. (B) Expansion of the ECG trace confirms the
presence of atrial activity P waves preceding each QRS
complex. (C) Same horse as in B. Excitement or exercise
rapidly restored the rhythm to normal. Heart rate and rhythm
during fast exercise were also normal.Treadmill exercise
testing revealed the colt to have dynamic airflow obstruction
caused by dorsal displacement of the soft palate.
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Recognition

History

The usual presenting signs for horses with significant
bradydysrrhythmias include syncope, ataxia, exercise
intolerance, and collapse.

Significant cardiac disease can usually be ruled out in a
horse with a very low resting heart rate or marked arrhyth-
mia at rest, if excitement or exercise restore rate and
rhythm to normal.

It is common for a marked arrhythmia to be noticed
within a minute of cardiac slowing after fast exercise in
athletic horses. This arrhythmia is a normal manifestation
of increasing parasympathetic influence and usually
occurs when heart rate falls to 130–150 beats/min. When
electrocardiographic examination is performed, the
arrhythmia is usually a marked sinus arrhythmia and is
thus described as ‘transient post-exercise sinus arrhyth-
mia’ (Fig. 33.19). The arrhythmia is usually short-lived,
but can cause alarm for an inexperienced examiner.

Postexercise sinus arrhythmia is another normal arrhyth-
mia, found commonly in athletic horses, that does not indi-
cate cardiac pathology.

Physical examination

In horses affected with significant bradydysrhythmia, aus-
cultation usually reveals an inappropriately slow resting
heart rate that may be regular. Resting heart rate may be
less than 20 beats/min.

Occasionally horses present with evidence of unex-
plained trauma when collapse occurs at night, or is not
observed.

During severe second degree AV block, one or more iso-
lated fourth (atrial) heart sounds, S4, will be audible during
the long diastolic pauses. In sinus block, S4 will be absent
and the diastolic pauses silent. In third degree AV block, S4
may be audible in a regular fast rhythm underlying the pre-
dominant slow ventricular rhythm. In third degree AV
block pronounced waves, ‘cannon a waves’, that travel
rapidly all the way up the jugular vein are also obvious.

Fig. 33.17
Sinus arrest and second degree block in a 14-year-old endurance horse. One nonconducted P wave (red arrow) is visible during the
long pause and is followed by complete sinus arrest.There is a total absence of ventricular escape activity.The clinical history that
follows is fairly typical.The pony initially presented with traumatic uveitis.Two weeks later she was found with a severely swollen
carpus and damage to buckets in the loose box. One week later the pony was observed to collapse by her owner. Holter for 24
hours monitoring showed maximum pauses of 10 seconds, but as is frustratingly common in these cases, no collapse occurred
during the monitoring period.The pony responded to oral clenbuterol therapy and after a period of 6 months rest, returned to
ridden work.The response to treatment in older animals may be less impressive, possibly because the underlying pathology is
advanced disease of the conduction tissues.

Fig. 33.18
Third degree atrioventricular block in a 12-year-old Thoroughbred.There is complete AV dissociation or third degree AV block. Bifid
P waves occur at a rapid rate and can be visualized within the ST segment of the QRS complexes. In this case the QRS complexes
are not regular, but their rate is slow.They are junctional ventricular escape complexes.The mare had a variety of atrial arrhythmias
over a 24-hour period including third degree AV block. She presented acutely after multiple episodes of collapse in a single day.The
referring veterinary surgeon administered antibiotics and corticosteroids.Without further treatment the mare reverted to normal
sinus rhythm within 72 hours. ECG courtesy of Miss Constance Fintl MRCVS (Dick Vet, Edinburgh).
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Increased atrial pressure causes the augmented waves as
the right atrium contracts against the closed tricuspid
valve.

Special tests

Electrocardiography will provide a definitive diagnosis
(Figs 33.16–33.19). Ideally 24-hour ambulatory ECG
monitoring (Holter) should be employed for a definitive diag-
nosis in cases of collapse. Affected cases often have blunted
chronotropic responses to both exercise and parasympatho-
lytic agents, but these tests are frequently difficult to
interpret.

Treatment

Therapeutic aims

To restore normal sinus rhythm, normal heart rate at rest,
and to normalize heart rate response to exercise.

Therapy

Pathologic sinus bradycardia is found most commonly in
elderly performance horses. Occasionally horses affected
with profound second degree AV block and sinus bradycardia
respond favorably to daily oral administration of �2-
adrenoreceptor agonist drugs, e.g. clenbuterol.

Third degree AV block is very rare in horses, and is rarely
amenable to medical treatment when it occurs in older
animals. In most species third degree AV block is permanent
and transvenous pacing is required for permanent relief of
clinical signs. Dual chamber pacing has been described in
horses.64,65 The technique has also been used successfully to
treat third degree AV block in a horse that subsequently
returned to competition.16

In contrast to other species, in younger and middle-aged
horses, third degree AV block can be transient and normal
sinus activity can resume after variable periods of time
elapse. It seems likely that in these cases, a reversible
inflammatory process causes transient complete block at the

AV junction. Based on this unproven hypothesis, the use of
corticosteroid drugs is sometimes recommended for these
individuals.33

Prognosis

In all cases of symptomatic bradyarrhythmia, the prognosis
is guarded to poor. In younger horses with acute onset of
clinical signs the condition is sometimes reversible and
affected animals can return to previous levels of activity.
Transvenous pacing carries a fair prognosis for return to ath-
letic performance, but as in all species, the technique can be
associated with complications.66

Etiology and pathophysiology

In the resting horse most bradydysrhythmias are of no clin-
ical significance, as within limits cardiac output can be
maintained by an increase in stroke volume. The trained
horse has an increased resting stroke volume and therefore
the resting heart rate is usually low. During exercise,
however, there is an increased requirement for muscle per-
fusion, systemic vascular resistance falls and cardiac output
must therefore increase in order to maintain arterial blood
pressure. As increasing heart rate is the major cause of the
increased cardiac output, if low heart rate is maintained
during exercise, cardiac output will be inadequate and
performance will be limited.

Although second degree AV block is the commonest man-
ifestation of high vagal tone in horses, other bizarre sinus
arrhythmias, including sinus block, can occasionally be
encountered in normal individuals (Fig. 33.16). Normal
heart rate responses to exercise and excitement rule out
significant pathology in these individuals.

Pathologic sinus, second and third degree AV block indi-
cates total or partial block in conduction in the sinus, atria,
or AV node. This clearly results from cardiac lesions, thought
to be associated with transient or permanent inflammation
or degeneration and fibrosis of the intracardiac conduction
system.

Fig. 33.19
Electrocardiographic recording taken from a Thoroughbred race horse, 20 seconds after completion of exercise to fatigue.The trace
illustrates transient postexercise sinus arrhythmia.There is some baseline interference as the horse is walking and blowing heavily,
but positive P waves are visible before each QRS complex.The rhythm is noticeably irregular representing sinus arrhythmia.This is a
common finding in athletic horses following exercise.
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Epidemiology

Profound sinus bradycardia, pathologic second degree and
third degree AV block occur only rarely in athletic horses,
being much more common in aged animals. Sporadically the
condition can be seen in younger horses and is usually asso-
ciated with inflammation of the conduction system and/ or
myocardium.

Cardiac murmurs

General principles

This section will cover the basic approach to heart
murmurs in athletic horses, their diagnosis, prognosis, and
assessment of their significance.

A number of murmurs occur in normal horses that are
not associated with underlying cardiac disease. These
murmurs have been variously called, functional, physio-
logic, innocent or flow murmurs. These murmurs are
common in athletic horses of all breeds (Table 33.1).

Murmurs associated with mitral and tricuspid valve
regurgitation are also commonly detected in performance
horses (Table 33.1, 33.2), yet any influence on their ath-
letic performance remains controversial. Although there is
no doubt that severe regurgitation and resultant cardiac
failure cause obvious performance decrements,67,68 the
effect of mild and moderate regurgitant murmurs is less
certain.1

Recent data3 have shown that AV valve regurgitation
increases after 6 months race training in Thoroughbreds
(Table 33.3). It seems likely that the eccentric cardiac
hypertrophy and increased blood volume that accompany
athletic training69 result in secondary stretch of the valve
annulus and increased regurgitation.

Endocarditis is a rare condition causing valvular regur-
gitation and cardiac murmurs. Blood-borne bacteria colo-
nize the valves (usually mitral and aortic) and the resulting
inflammation and deformation leads to chronic regurgita-
tion. Pasteurella, Actinobacillus and Streptococcus species are
most likely to be causative in horses,70 although other
agents have also been reported.71–73 Prognosis is poor, even
if the horse survives the early acute phase and bacterial

cure is achieved; there may be sufficient damage to the
cardiac valves to preclude return to previous performance,
or cause death from heart failure.74

Physiological murmurs

Systolic ejection murmurs

Systolic ejection murmurs are commonly heard over the
pulmonary and aortic valves in normal horses. Usually the

% of population affected

Murmur Young & Kriz Patteson & 
Wood3 et al.1 Cripps2

Mitral regurgitation 21 3.8 1.2
Tricuspid regurgitation 25.5 27.4 4.7
Aortic regurgitation 2 0.5 0
Diastolic flow 65 33 44
Systolic ejection 34 57.4 55
No murmurs 11 18.9 24.7

Note: Patteson & Cripps defined mitral and tricuspid valve regurgitation as
pansystolic murmurs only.As it is now generally accepted that murmurs of
mitral and tricuspid valve prolapse may not extend throughout systole, this
may explain the difference in prevalences of atrioventricular valve
regurgitation. Patteson & Cripps also noted a much higher prevalence of
systolic murmurs on the left and right hemithorax, suggesting that some
early systolic murmurs of mitral and tricuspid valve prolapse were
classified as systolic ejection murmurs

Table 33.1 Prevalence of cardiac murmurs by auscultation in 
2-year-old Thoroughbreds in training

% Prevalence by % Prevalence 
auscultation by Doppler

Regurgitaton Patteson & Young & Young &
Cripps2 Wood4 Wood4

Mitral 5.6 22 58
Tricuspid 16.4 47 88
Aortic 2.2 4 62

Table 33.2 Prevalence of cardiac murmurs by auscultation and
color flow Doppler echocardiography in older race-fit National
Hunt steeplechase horses

% Prevalence before training % Prevalence after training

Regurgitation Auscultation Doppler Auscultation Doppler

Mitral 7.3 25 21 35
Tricuspid 12.7 57 25.5 66
Aortic 0 18 2 44

Table 33.3 Prevalence of murmurs and regurgitation by color flow Doppler echocardiography 
at the aortic mitral and tricuspid valves in fifty 2-year-old Thoroughbreds before and after 6 months’ 
race training.3
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murmur is early–mid systolic, crescendo–decrescendo in
character and variable in intensity. Usually these murmurs
are heard best over the left hemithorax, cranial over the
heart base when S2 becomes accentuated. Submaximal exer-
cise often increases the intensity of these murmurs. In some
horses, it can be difficult to separate a functional ejection
murmur from a murmur of mitral regurgitation, but an
ejection murmur, unlike the murmur of mitral regurgita-
tion, should end before S2. Ejection murmurs will disappear
at maximal heart rates, but the amount of exercise needed to
achieve this varies according to the fitness of the horse.
Ejection murmurs are equally prevalent in other conditions
that provoke high sympathetic tone, e.g. colic, anemia,
sepsis, pain, or fever. A major feature of all physiologic
murmurs is their variability with changes in heart rate and
or excitement.

Functional diastolic murmurs: diastolic filling
murmurs

Most physiologic filling murmurs occur either in early dias-
tole (before S3) or are presystolic (after S4 but before S1). The
presystolic murmurs are associated with vibrations in the
atria, and are usually low pitched and rumbling. The
murmur can be heard on either side of the chest. The early
diastolic murmurs, closely following S2 are soft and
blowing and are believed to be associated with rapid ventric-
ular filling. They usually end at S3 and are heard from the left
and right hemithorax. An early diastolic musical murmur is
not infrequently heard in conditioned horses. This murmur is
very variable, and is usually heard best from the mitral or tri-
cuspid valve area. The murmur follows S2 by a short interval
and ends abruptly at S3. It is commonly known as a ‘2-year-
old squeak,’ although it is present in athletic horses of all
ages. Diastolic murmurs are also very variable depending on
heart rate and excitement.

Murmurs associated with
cardiac dysfunction

Tricuspid regurgitation

Recognition

History

These murmurs are usually detected incidentally during
cardiac auscultation. Tricuspid regurgitation is unlikely 
to be a primary cause of poor performance or heart 
failure.

A murmur of tricuspid regurgitation is often detected in
horses presenting with heart failure due to mitral valve
insufficiency. Severe pulmonary hypertension results in sec-
ondary dilation of the right ventricle and tricuspid annulus
and causes tricuspid valve regurgitation.

Physical examination

The murmur of tricuspid regurgitation (TR) is a systolic
murmur heard over the right side of the thorax. It is usually
soft and band shaped and extends throughout systole and
may incorporate S1 and S2. Occasionally tricuspid regurgita-
tion is crescendo in character and may not occupy all of
systole, in this case it is usually described as ‘tricuspid valve
prolapse.’

Special examination

Color flow Doppler echocardiography (Fig. 33.20) will con-
firm the presence of tricuspid regurgitation. The use of
pulsed or continuous wave Doppler techniques allows an
estimate of pulmonary artery pressure to be obtained from
the modified Bernoulli equation.75 Two-dimensional and
M-mode echocardiography allow cardiac chamber size to
be visually assessed. The nonsymmetric shape of the right
ventricle and atrium mean that it is very difficult to obtain
repeatable and meaningful measurements of chamber
size76 and it is probably advisable to visually appraise the
two chambers relative to the left ventricle. The tricuspid
valve of affected horses invariably appears morphologi-
cally normal, but may prolapse into the right atrium
during systole (Fig. 33.21).

Treatment

There is no specific treatment available.

RA

RV

AORT A

Fig. 33.20
Color flow Doppler study of tricuspid valve regurgitation in
an 8-year-old race horse.A grade 4/6 systolic murmur on the
right hemithorax was detected incidentally at a veterinary
examination.The horse was a successful handicap
steeplechaser with no history of poor race performance.
A green jet of blood can be seen entering the right atrium
through the closed tricuspid valve. RA, right atrium; RV, right
ventricle.
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Prognosis

Echocardiographic follow-up of an increasing number of
horses affected with tricuspid valve regurgitation indicates
that the valve dysfunction rarely progresses to cause clinical
signs of heart disease. The condition does not seem to pre-
dispose to rupture of chordae tendinae, nor readily result in
congestive heart failure. Equally it is unlikely that low or
moderate grade tricuspid regurgitation as an isolated finding
will cause performance-related problems in the vast majority
of horses.

While tricuspid regurgitation is likely not normal, it is
certainly very common, and in horses without evidence of
valve lesions the condition does not render the horse unfit
to ride and carries an excellent prognosis. Although theo-
retically right atrial enlargement as a result of severe tri-
cuspid regurgitation should increase the risk of
development of AF, in the author’s experience primary tri-
cuspid valve disease is a rare underlying cause of AF and
congestive heart failure. It is important to note that AF is
common in large athletic horses, a group in which the
prevalence of audible tricuspid regurgitation is high (Table
33.2). This obvious association does not necessarily mean
that the two conditions are necessarily related, indeed it
seems unlikely from clinical experience, but a causative

influence of tricuspid regurgitation on AF cannot be ruled
out based on currently available data.

Etiology and pathophysiology

Tricuspid valve regurgitation is the commonest valve
insufficiency in athletic horses.1–4 Tricuspid regurgitation
is also increased after athletic training,3 suggesting that
training-induced eccentric hypertrophy is important in the
pathogenesis of the condition. These data are supported by
that of Pollak and colleagues,77 who found that tricuspid
regurgitation was more common in elite female athletes
than in sedentary women. Else & Holmes53,54 found evi-
dence of fibrous thickening and distortion of tricuspid
valve leaflets and similar changes in the chordae tendinae.
These authors also noted a smaller prevalence of hemor-
rhagic lesions on the right ventricular first order chordae
and suggested that they might be precursors to chordae
rupture, although their precise etiology was not estab-
lished. Interestingly, the prevalence of tricuspid valve
lesions in the large post-mortem survey of Else & Holmes
was much lower than the prevalence of murmurs of tri-
cuspid valve regurgitation and regurgitation detected by
Doppler techniques in athletic horses.1–4 These data
support the growing suspicion that in many athletic
horses, tricuspid regurgitation is physiologic, rather than
caused directly by valve disease.

Secondary dilation of the tricuspid valve annulus
resulting in tricuspid regurgitation also occurs during severe
pulmonary hypertension.51 Increased pressure in the pul-
monary circulation increases afterload on the right heart and
stimulates eccentric and concentric right ventricular hyper-
trophy. Deformation of the tricuspid valve apparatus then
results in tricuspid valve regurgitation. Pulmonary hyperten-
sion is associated most commonly with left-sided cardiac
failure and more rarely with pulmonary thromboembolic
and hypoxic pulmonary diseases.

Epidemiology

Our recent work4 shows that isolated TR is the most com-
monly encountered murmur in National Hunt type horses,
occurring in almost 50% of mature horses at full race fitness
(Table 33.2). The prevalence is less in flat racing
Thoroughbreds based on our data3 and that of others.1,2

Young & Wood noted a relationship between body weight and
the presence of tricuspid regurgitation in flat racing
Thoroughbreds.3

Mitral regurgitation (Figs 33.22, 33.23)

Recognition

History

The condition is usually detected incidentally during cardiac
auscultation.

Fig. 33.21
Two-dimensional image of the tricuspid valve of the horse
shown in Fig. 33.20.Abnormal systolic valve motion was visible
in real time.The anterior valve leaflet buckled backwards into
the right atrium during systole. However, there is no
structural valve abnormality.Abnormal systolic movement is
the most frequently encountered echocardiographic feature of
tricuspid valve dysfunction in performance horses.
Unfortunately due to their geometry, right atrial and
ventricular echocardiographic measurements are not very
repeatable in horses, making assessment of volume overload
of the right heart very difficult. It is rare to see convincing
evidence of right heart enlargement due to primary tricuspid
valve dysfunction in performance horses.
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The murmur of mitral regurgitation is often detected in
horses that present in heart failure, as severe mitral valve
insufficiency is the commonest cause of the heart failure
syndrome in horses.78

Physical examination

The murmur of mitral regurgitation is loudest on the left
hemithorax, in the area of the apex beat. It can radiate forwards
towards the heart base, which may cause confusion, if there is a
coexistent functional ejection murmur. In common with tricus-
pid regurgitation, the murmur is usually band shaped and pan-
systolic. It should not vary with exercise. If mitral regurgitation
is severe, resulting in the retrograde flow of large quantities of
blood into the left atrium, S3 may be more pronounced.

Occasionally mitral regurgitation is crescendo in charac-
ter and may be musical or vibrant. In this case the murmur
may not occupy all of systole. The presence and intensity of the
murmur may also be variable. When the murmur has these
characteristics it is usually classified as ‘mitral valve prolapse.’

Rupture of a mitral chord (Fig. 33.23) or severe long-
standing mitral regurgitation usually results in acute left-
sided heart failure and a plethora of associated signs:

● pulmonary edema and increased respiratory rate
(Fig. 33.24)

● increased heart rate
● rapid acute onset cardiac cachexia (Fig. 33.25)
● poor peripheral pulses (Fig. 33.26) and cold extremities
● the murmur associated with such catastrophic valve dys-

function might be expected to be very loud, but this is not
invariably the case; the murmur is usually associated with
a precordial thrill, and will invariably radiate over very
large areas of the chest wall

● severe left atrial enlargement (Figs 33.7, 33.10B), which
not uncommonly results in the development of AF
(Fig. 33.6).

Although heart failure almost always results from primary
mitral valve dysfunction, horses not infrequently present
with biventricular failure, the signs of which include:

● peripheral edema (Figs 33.27, 33.28)
● jugular engorgement
● development of a loud right-sided murmur of tricuspid

regurgitation (Fig. 33.20).

Special examination

Color flow Doppler echocardiography will confirm the pres-
ence of mitral regurgitation (Figs 33.22, 33.23, 33.29). The

Fig. 33.22
Color flow Doppler image showing moderate to severe mitral
valve regurgitation in a 6-year-old Thoroughbred race horse.
The horse had a grade 5/6 murmur over the apex beat area
of the left hemithorax.A grade 3/6 murmur of tricuspid
regurgitation was also audible at the right hemithorax.The
murmurs were detected incidentally during epidemiologic
studies on the horse’s training yard. Despite the moderate to
severe regurgitation present over 2 years of the study, the
horse had won races and been moderately successful as a
handicap steeplechaser. He had however never really lived up
to the owner and trainer’s initial expectations and had the
reputation of being ‘ungenuine’. In the UK, it is not uncommon
for this description to be applied to racing Thoroughbreds,
later found to be affected with moderate to severe AV valve
regurgitation. LA, left atrium; LV, left ventricle.

Fig. 33.23
Color flow Doppler study showing severe mitral regurgitation
in a 2-year-old filly in training.There is a large green/blue
regurgitant jet entering a grossly dilated left atrium.The filly
presented with recurrent pyrexia due to repeated bouts of
respiratory infection.A grade 5/6 left-sided cardiac murmur
and elevated heart rate (58 beats/min) were noted on
auscultation. Despite being in cardiac failure, poor
performance was not noted by the trainer, as the filly had only
just begun canter work.As in this case, coughing usually arises
due to secondary bacterial infection, rather than primarily
from the interstitial and alveolar edema present concurrently.
LA, left atrium; LV, left ventricle.

LALV LA

LV
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use of pulsed or continuous wave Doppler techniques allows
an estimate of transmitral pressure gradient to be obtained
and thence assessment of left ventricular systolic function.
Two-dimensional and M-mode echocardiography are used to
evaluate cardiac chamber size and left ventricular wall
motion. In severe mitral regurgitation, there is dilation and

septal hypermotility as the volume overloaded left ventricle
ejects into the low pressure left atrium. The left atrium will be
dilated as evidenced by an increase in the ratio of the aortic
diameter to that of the left atrium (Fig. 33.10). There may be
evidence of pulmonary hypertension and dilation of the
main and right pulmonary artery, best assessed by compari-
son with the diameter of the aorta.

In mild disease, cardiac dimensions will remain within
normal range and often the valve appears morphologically
normal. Valve thickening or noticeably abnormal valve
motion may be observed in more severe cases. Occasionally a
flail valve leaflet may be visible after mitral chordae rupture
has occurred.

In horses with mild–moderate mitral regurgitation and
without evidence of heart failure, ECG examination during
appropriate exercise is recommended to assess heart rate
response to exercise. This is especially important when the
cardiac murmur is implicated in poor performance or is
detected at a pre-purchase examination.

When there is overt heart failure, thoracic radiography is
useful to confirm the presence of the alveolar-interstitial
infiltrate characteristic of pulmonary edema.

Treatment

There is no specific treatment for valve regurgitation and in
horses with compensated valve dysfunction, no treatment is
indicated. When signs of heart failure become evident
(Fig. 33.10B) therapy focuses upon control of heart rate
(digoxin), reduction of volume overload (diuretics), and
reduction of cardiac afterload (angiotensin converting
enzyme inhibitors). Once signs of heart failure are present,
the horse must be immediately retired from ridden exercise.
Aggressive treatment is expensive and palliative only, it will
not return the horse to its previous athletic performance. In

Fig. 33.24
Thoracic radiograph from a horse with acute rupture of a
major mitral chordae tendinae.There is an alveolar and
interstitial pattern most marked in the cardiophrenic angle in
this lateral radiograph. Coughing is not a feature usually noted
with pulmonary edema in horses, unless there is secondary
bacterial infection, which occurs not infrequently.Alveolar and
interstitial edema occurs as a consequence of marked
elevations in left atrial pressure, from left-sided heart failure.
Thoracic auscultation is frequently disappointing in these
patients even though pulmonary edema is known to be
present.The increased respiratory rate that always
accompanies severe alveolar edema is the most reliable
method for detecting pulmonary congestion in horses.
Occasionally white (occasionally blood-tinged) frothy edema
fluid may appear at the nostrils.

Fig. 33.25
Yearling Thoroughbred colt with severe
mitral valve regurgitation and atrial
fibrillation. Cardiac cachexia or loss of lean
body mass is an inevitable consequence of
heart failure and occurs in the absence of
obvious inappatence. It is often dramatic in
onset, occurring within a very short time of
cardiac decompensation. It is usually most
obvious in the highly muscled areas, e.g. the
hindquarters in mature conditioned horses
or, as in this case, in the neck and
shoulders of young stock.
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view of the hopeless prognosis, many owners request imme-
diate euthanasia for their horses and as a result treatment is
rarely performed.

Prognosis

Mitral valve disease of sufficient severity to cause cardiac
failure will have a devastating effect on athletic performance
and a very poor prognosis for life. The prognosis for isolated

compensated mitral regurgitation remains much less certain.
This is because overall the condition is less common than
tricuspid valve regurgitation, and although there has been
some long-term follow-up of horses with mild to moderately
loud mitral valve murmurs, mitral valve disease remains the
commonest cause of congestive heart failure in horses. Despite
this, the general consensus amongst cardiologists is that, like
tricuspid valve dysfunction, provided valve lesions do not
accompany the regurgitation, prognosis is usually good.

Fig. 33.26
Palpation of a peripheral pulse provides a
‘window’ to the heart’s function as a pump. It
may also provide a clue to the severity of
valve lesions that are picked up on
auscultation.The facial artery provides a
convenient site for examination. If a patient is
in heart failure, heart rate will be elevated
above the normal expected value for the
animal’s type and fitness.These patients
usually sustain their heart rates between 
55 and 80 beats/min dependent on type and
severity of disease. Pulse quality reflects the
difference between the systolic and diastolic
blood pressure.The difference between the
two, rather than the magnitude of either, is
detected when the pulse is palpated.To
obtain an estimate of mean arterial pressure,
the amount of digital pressure needed to
occlude the pulse can be assessed. Pulse
quality can also reflect the severity or type of
underlying cardiac disease.A characteristically
bounding pulse (i.e. a wide difference
between systolic and diastolic pressure) can
be indicative of marked aortic insufficiency in
older horses, or extracardiac left to right
shunts in foals. (Courtesy of Dr LE Young and
Dr KJ Blissitt, Royal (Dick) School of
Veterinary Studies, Edinburgh.)

Fig. 33.27
Dependent edema in a 
9-year-old hunt horse, 2 weeks after
rupture of a mitral chordae tendinae.A
plaque of pitting edema is visible in the
most dependent area of the ventral
abdomen. Occasionally the sheath and
brisket are also involved.Although the
underlying cause of heart failure in this case
was left sided, as is typical, after a variable
time, increased pulmonary vascular
pressures cause secondary failure of the
right ventricle, resulting in systemic
congestion. (Courtesy of Dr LE Young and
Dr KJ Blissitt, Royal (Dick) School of
Veterinary Studies, Edinburgh.)
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Most investigators agree that isolated low-grade mitral
valve regurgitation (Fig. 33.29) should not significantly
affect athletic performance in horses engaged in less strenu-
ous disciplines. There is strong suspicion that AV valve
dysfunction might reduce maximum aerobic capacity and
prevent an individual from realizing their genetically con-
ferred maximal athletic potential, but for most horses, even
moderate decreases are unlikely to be noticed by the owner or
rider.

Of all murmurs detected, isolated mitral valve regurgi-
tation is most problematic when detected during pre-
purchase examinations. Because of the current paucity of
follow-up information, there is no definitive solution and
ultimately the prospective rider/owner/trainer must make

up his or her own mind regarding the suitability of the
horse. Most investigators are confident that a horse with
low-grade mitral valve regurgitation and a normal resting
heart rate is safe to ride, and that its performance is
unlikely to be noticeably affected by a small amount of
valve dysfunction. Auscultation is useful to monitor the
progression of regurgitation over long periods, but in a
one-off physical examination, the veterinary surgeon
knows nothing about the appearance of the valves, the
extent of left atrial or ventricular enlargement, or the pre-
vious or subsequent rate of development of the valve dys-
function. Invariably when a moderately loud murmur is
detected at a pre-purchase or insurance examination, it is
usually advisable to refer the horse for specialist echocar-
diographic and ECG examinations. In the majority of per-
formance horses, it is unlikely that the murmur has arisen
as a result of serious progressive valve lesions, but this can
never be guaranteed in the absence of more detailed exam-
inations. In some cases, commercial pressures may dictate
that the veterinarian informs the prospective client of the
existence of the murmur and is then forced to make an
educated guess about its likely impact. In these cases, when
heart rate and work history are normal and the murmur is
equal to or less than grade 3/6 in intensity, it is unlikely
that the murmur will be associated with reduced perform-
ance, or be rapidly progressive. Referral to a specialist
center for cardiac ultrasound examination is the best
approach whenever any doubt exists regarding the origin
or significance of a murmur detected during pre-purchase
or insurance examination. It is important to note that
murmurs of mitral valve regurgitation are rare in yearling
Thoroughbreds, though the prevalence of murmurs
increases in older horses (Table 33.2). As a result, young
animals destined for racing with a confirmed mitral valve
murmur should be viewed with great suspicion.

The variable systolic murmurs of mitral valve prolapse are
generally considered to carry a good prognosis. In other
species, notably dogs and humans, mitral valve prolapse is a
precursor of progressive mucinous valvular degeneration

Fig. 33.28
Edema of the lower
limbs occurs
commonly in horses,
but is rarely
associated with
cardiac disease.This
6-year-old riding
pony has end-stage
heart failure from a
large ventricular
septal defect. He has
edema of his brisket
and the
antebrachium, but
minimal swelling of
his lower limbs.
(Courtesy of Dr LE
Young and Dr KJ
Blissitt, Royal (Dick)
School of Veterinary
Studies, Edinburgh.)

Fig. 33.29
Color flow Doppler echocardiograph obtained from
the left hemithorax of a 9-year-old Thoroughbred
race horse.The image shows two discrete
regurgitant jets entering the left atrium through the
closed mitral valve in systole.The horse had a grade
2–3/6 murmur of mitral valve regurgitation. It is not
uncommon to visualize more than one regurgitant
jet in horses with mitral valve dysfunction. In this
case, the jets were small, traveled at high velocity,
and occupied only a small area of the left atrium.
Left atrial and ventricular size was normal.
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and severe mitral valve regurgitation. Similar data is not
available for horses, but current opinion suggests that iso-
lated mitral prolapse rarely progresses to cause significant
cardiac disease during the career of most performance
horses.

Etiology and pathophysiology

During mitral insufficiency, blood is ejected retrograde into
the left atrium. For the most part the regurgitant fraction is
small and the condition remains well compensated. Only
when the regurgitant fraction is large, or increases
through progressive valve dysfunction, will forward
cardiac output be compromised and volume and pressure
overload of the left atrium begin. As a progressively greater
proportion of the left ventricular output is ejected into the
low-pressure left atrium, progressive dilation of both
chambers occurs and stretching of the fibrous annulus
further exacerbates mitral valve incompetence. Reduction
in arterial blood pressure as forward cardiac output
decreases causes activation of neurohumeral reflexes that
further accelerate the vicious cycle of the heart failure syn-
drome; a syndrome that is always terminal. Congestive
signs develop when horses with severe mitral valve disease
survive low-output left-sided failure for even a short period
of time. Increased left atrial pressure causes pulmonary
venous congestion and increased afterload to the right ven-
tricle. There is subsequent pressure overload of the right
ventricle and dilation of the tricuspid valve annulus so that
progressive tricuspid regurgitation develops. Meanwhile
low output failure of the left ventricle and pulmonary
edema compromise coronary perfusion and oxygenation
and worsen the mechanical function of both ventricles.

The recently observed variability of mild mitral valve
murmurs with changes in sympathetic tone and exercise
can be explained because the mitral valve is an apparatus
composed of leaflets, chordae, and papillary muscles, and
not simply an inert fibrous structure. Changes in the
loading conditions of the heart and papillary muscles and
alterations in myocardial function with changing neuro-
humoral drive probably change leaflet coaptation, thus
preventing, reducing or increasing the regurgitation
present at the valve.

The mitral valve was the valve most likely to be affected
by gross post-mortem changes in the post mortem study of
Else & Holmes.53,54 Microscopic changes included variable
fibrosis and infiltration of the superficial valve layers (atri-
alis and spongiosa) with histiocytes, lymphocytes, and
fibrobalsts.53,54 Occasionally the deeper (fibrosa and ven-
tricularis) layers of the valve were involved and their
involvement usually resulted in deformation of the valve
cusps. The precise etiology of valvular damage was not
established, but the absence of polymorphonucleated cells,
except in two animals, led these authors to speculate that
an infectious cause was unlikely in the majority of cases.
Their speculation is supported by clinical evidence suggest-
ing that bacterial endocarditis occurs only rarely in

horses.70 Rupture of a first order mitral chordae has been
repeatedly reported in association with severe mitral regur-
gitation and heart failure in horses,79–81 but the precise eti-
ology of the damage to the chordae is yet to be fully explored
or explained.

Epidemiology

Recent data show that the prevalence of mitral valve regur-
gitation in racing Thoroughbreds varies between 3.8 and
21% (Tables 33.1, 33.2). As there is convincing evidence
that athletic training increases the prevalence of AV valve
regurgitation (mitral and tricuspid) in Thoroughbreds, this
relationship might in part explain the difference in preva-
lence of AV valve regurgitation found by different investiga-
tors (Table 33.3). The effect of age on prevalence of AV
valve regurgitation has yet to be established, although from
our own ongoing epidemiologic studies the prevalence of
AV valve murmurs assessed by color flow Doppler and aus-
cultation is much lower in Thoroughbred yearlings than in
all other groups. The prevalence of gross mitral valve
lesions also increased with age in a large post-mortem
study.53,54

Ventricular septal defect (Fig. 33.30)

● The ventricular septal defect is the most commonly
occurring congenital heart defect in horses. Experience
suggests that although the defect can be found in all
breeds, it seems especially common in Arabians,
Standardbreds and small pony breeds (Welsh Section A
and Shetland ponies).

● The condition is not restricted to foals. Because of the huge
cardiac reserve of the horse, large lesions are often
detected before athletic training commences at insurance
or pre-purchase examinations. Indeed this is probably the
most frequently encountered clinical scenario.

● The defect can also be associated with other more complex
congenital abnormalities (Fig. 33.31), but these cases are
rare amongst athletic horses.

● Ventricular septal defects can cause secondary aortic valve
insufficiency.

Recognition

History

Loud cardiac murmurs are usually detected during a pre-
purchase or insurance examination of a horse without clini-
cal signs. However, when the ventricular septal defect is large,
the horse/pony might present in biventricular heart failure or
with signs of poor performance. These scenarios are unusual.
Occasionally affected horses present with unexpectedly early-
onset diastolic murmur of aortic valve insufficiency (see
below).
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Presenting signs. The murmur of ventricular septal
defect is loudest cranial on the right side of the chest. It is
usually band shaped and is often associated with a precordial
thrill. This murmur is caused by blood shunting across the
defect, from the left ventricle to the right. Most ventricular
septal defects occur in the membranous septum, close to the
aortic valve (Fig. 33.30). The resultant high-velocity jet of
blood then impinges on the right ventricular free wall and
swirls ventrally towards the pulmonary artery (Fig. 33.32).
The vibrations caused by this flow pattern result in the char-
acteristic cranial and ventral radiation of the right-sided
murmur. The murmur may be audible as far ventral as the
sternum.

Though much less common, defects can also occur in
the muscular part of the interventricular septum (Fig.

33.33) or in the area of the pulmonary outflow. The
former still result in a right-sided cardiac murmur, but the
pattern of radiation of the murmur differs. By contrast,
defects that open into the pulmonary outflow tract result
in a murmur whose point of maximal intensity is cranial
and ventral on the left hemithorax at the level of the pul-
monary valve.

Another discrete murmur is often also heard in associa-
tion with large septal defects in horses. It is best heard over
the heart base on the left hemithorax. Contrary to popular
opinion this is not referred from the right side. This is an ejec-
tion murmur, with PMI over the pulmonary valve area. It is
known as a murmur of relative pulmonary stenosis. It
arises as a result of augmented flow of blood through a
normal pulmonary valve.

A further secondary finding, associated with a large defect
and shunt fraction, is an increased intensity of S3 that results
from augmented filling of the left ventricle in diastole. When
the defect is large, the resultant left atrial and ventricular
enlargement eventually result in left heart failure and the
plethora of associated clinical signs.

Special tests

Two-dimensional and M-mode echocardiography are nec-
essary to evaluate the size of the defect. The loudness of
the primary murmur may not be helpful in this condition,
since loud murmurs are often associated with restrictive
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Fig. 33.30
Two-dimensional echocardiograph from the right hemithorax
of a yearling Thoroughbred with a grade 5/6 pansystolic
murmur with point of maximal intensity on the right side.
There is a moderately large ventricular septal defect (labeled
<<<<) at the top of the interventricular septum.This image
has been optimized to visualize the septal defect so that the
right pulmonary artery (RPA) is transected obliquely, rather
than in true short axis. Failure to attain standard images of
intra- and extracardiac structures can lead to errors in
measurements of chamber and vessel size and great caution
must be applied when interpreting nonstandard views.
Despite this, the RPA does appear to be dilated when
compared to the aorta, seen here in oblique long axis.This
observation was repeatable in other 2D images that were
optimized for the vessels.This observation suggests that there
is significant pulmonary overperfusion, a finding supported by
an increased right ventricular stroke volume as estimated by
pulsed Doppler echocardiography.Although the filly is
currently compensating for the defect, the defect size and the
resultant large left to right shunt fraction suggests that she
has no future as a racehorse. Smaller restrictive defects,
despite being associated with a loud murmur, are sometimes
compatible with an athletic career, especially in less strenuous
disciplines. RV, right ventricle; LVOT, left ventricular outflow
tract; RPA, right pulmonary artery.

Fig. 33.31
Large ventricular septal defect in an 18-month-old
Thoroughbred colt, examined after failing a veterinary
examination for insurance because of a loud heart murmur.
The large septal defect was found in association with other
complex congenital abnormalities including dextroposition of
the aorta, right ventricular hypertrophy, and subvalvular
pulmonic stenosis,.These abnormalities are collectively known
as tetralogy of Fallot. Despite such severe congenital
abnormalities, the colt had no history suggestive of cardiac
disease.



754
Cardiovascular system

(nonsignificant) defects. It has been suggested that defects
less than 2.5 cm in diameter in an adult horse are compat-
ible with normal athletic performance and are unlikely to
result in heart failure.82 Since ponies are often affected, a
more universally applicable method is to use Doppler echo-
cardiography to measure peak flow across the defect, or to
compare stroke volume from the right and left ventricle.
Reef and colleagues82 suggested that velocity across the
defect that exceeded 4 m/s was likely to be associated with
a restrictive defect. When using these methods, it is crucial

to ensure that the continuous wave ultrasound beam or
pulsed Doppler sample volume are aligned parallel to the
shunt or ventricular outflow. If adequate alignment is not
achieved, blood flow velocity will be significantly underes-
timated and the defect’s significance overestimated. Left
atrial size and pulmonary artery dilation can also be
assessed using two-dimensional (2D) methods, and these
measurements are also helpful in determining a prognosis
for life and performance.

While auscultation findings and clinical signs are helpful
in assessing size of a defect and its clinical impact, only 2D
and Doppler echocardiography are ultimately able to provide
information about the severity of volume overload and a
quantitative assessment of defect size.

Treatment

No surgical or medical treatment for ventricular septal
defects is currently available for horses. Only if heart failure
develops is treatment warranted and should include drugs to
control heart rate (digoxin), diuretics to reduce volume
overload, and angiotensin converting enzyme inhibitors for
reduction of cardiac afterload.

Prognosis

The prognosis for small restrictive defects found inciden-
tally in performance horses is generally good. Certainly
absence of a separate murmur of relative pulmonary
stenosis and loud S3 sounds indicate that the volume of
abnormal blood flow through the defect is small and that
the defect is likely to be restrictive. Such defects rarely
progress to cause clinical problems. Progression of disease,
even with moderately large defects, can be slow, affected
horses often compensating well into adulthood. As with all
cases of heart disease, echocardiographic examination of
an affected horse allows the size of lesion and its hemody-
namic impact to be determined. Whether an animal is suit-
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Fig. 33.32
Color flow Doppler study obtained from the filly in
Fig. 33.30.The color flow study demonstrates left to
right flow of blood through the defect during systole.
The shunted blood travels through the defect and
swirls ventrally and cranially towards the pulmonary
valve, giving rise to the characteristic ventral and
cranial radiation of the murmurs associated with
membranous septal defects. LVOT, left ventricular
outflow tract; RPA, right pulmonary artery;
RV, right ventricle.

Fig. 33.33
Post-mortem specimen showing a large muscular ventricular
septal defect in a 2-year-old Arabian filly.A widely radiating
grade 5/6 murmur was detected from the right hemithorax at
a pre-purchase examination.There was no medical history
consistent with cardiac disease and the filly appeared to have
normal exercise tolerance relative to her peer group.As her
prognosis for useful athletic performance was hopeless and a
congenital cardiac defect rendered her unsuitable for
breeding, her owners elected her for euthanasia. (Courtesy of
Dr LE Young and Dr KJ Blissitt, Royal (Dick) School of
Veterinary Studies, Edinburgh.)
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able for athletic duties will depend upon the size of the
defect and the degree of volume overload, and the type of
work to be performed.

When detected at pre-purchase examination all septal
defects undoubtedly constitute unsoundness, but the horse
may still be able to perform a useful job in all but the most
athletic of disciplines, especially when the defects are small
and restrictive. Although small membranous defects may
have minimal impact on blood flow, their position can
cause disruption and instability of the aortic valve leaflets
that results in rapidly progressive aortic valve regurgita-
tion and secondary left ventricular volume overload (see
below).

Etiology and pathophysiology

The condition occurs as a result of anomalous development
of any of the components of the interventricular septum,
most commonly the dorsal membranous portion that forms
part of the fibrous skeleton of the heart. Although the
precise genetics and mechanisms of inheritance of the con-
dition in horses are unknown, affected animals should not
be used for breeding.

Restrictive defects that result in a small shunt are usually
well tolerated and have minimal hemodynamic impact.
When defects are large, left-sided heart failure develops due to
volume overload of the left atrium. The right ventricle tends
to be relatively spared, as the pulmonary valve is open when
the bulk of the volume is shunted across the defect and it
passes directly into the pulmonary artery. Pulmonary over-
circulation occurs and marked dilation of the pulmonary
artery can result in pulmonary artery rupture. As a result
horses with evidence of pulmonary overcirculation should be
retired from ridden work.

Epidemiology

In the series of 27 cases described by Reef,82 Standardbreds
and Arabians were overrepresented compared to the hospital
population and Thoroughbreds were underrepresented.
European experience suggests that Welsh section A and
Shetland ponies also have a high prevalence of the condition.

Aortic insufficiency

Recognition

History

Diastolic cardiac murmur is usually detected incidentally.
Occasionally horses may have a history of ataxia during exer-
cise or die suddenly, usually during exercise. Aortic regurgi-
tation may be found in association with congestive heart
failure, AF, and mitral valve regurgitation.
Presenting signs Aortic insufficiency occurs commonly
in older horses. The murmur is diastolic, usually decrescendo,

and has a PMI at the aortic valve, although it will often
radiate widely towards the apex. Because the aorta is a
midline structure, as the disease progresses, the murmur
often becomes audible over the right hemithorax. It is thus
the only murmur that can be routinely auscultated from both
sides of the thorax. The murmur often has a musical quality
and may appear to ‘buzz’ or ‘whoo’. The musical quality is
believed to arise as the regurgitant jet hits the anterior leaflet
of the mitral valve (Fig. 33.34), or is due to resonance and
vibration of the aortic root.

When severe, the condition can result in noticeably
bounding arterial pulses (Fig. 33.26). This occurs because
there is a rapid run off of aortic pressure in diastole, as blood
leaks backwards into the low-pressure chamber of the
relaxed left ventricle.

When the regurgitant fraction is large, there is volume
overload of the left ventricle (Fig. 33.35). There is also dila-
tion of the mitral valve annulus and, in consequence, sec-
ondary mitral regurgitation may occur. Thus when a
systolic murmur of MR is heard in conjunction with the
diastolic murmur of aortic insufficiency, prognosis is much
more guarded.
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Fig. 33.34
Color flow Doppler study of aortic valve regurgitation in a
16-year-old Grand Prix dressage horse.The image shows a
green jet of blood traveling from the center of the aortic
valve towards the interventricular septum.The 
two-dimensional image showed valve leaflet thickening typical
of nodular degeneration in the older horse.There was no
evidence of exercise-induced arrhythmias and left ventricular
dimensions were still within normal limits.The horse is
subject to regular echocardiographic and electrocardiographic
examinations as aortic valve degeneration is progressive.
Currently he is able to remain in full competition, as there is
no significant left ventricular dilation. LVOT, left ventricular
outflow tract; RA, right atrium; RV, right ventricle.



Special examination

Color flow Doppler echocardiography will confirm the pres-
ence of aortic regurgitation (Fig. 33.34). Pulsed or contin-
uous wave Doppler techniques allow estimates of right and
left ventricular stroke volume and regurgitant fraction to be
made. Two-dimensional and M-mode echocardiography are
used to evaluate cardiac chamber size and left ventricular
wall motion. In severe aortic regurgitation, there is left ven-
tricular dilation (Fig. 33.35) and secondary mitral regurgi-
tation.

Careful examination of the aortic valve using 2D and
color flow Doppler techniques may demonstrate the under-
lying cause of the valve dysfunction. Typical findings
include valve leaflet prolapse (Fig. 33.36) and nodular
degeneration, thickening of the valve leaflets, or evidence of
a small ventricular septal defect (Fig. 33.37). There is often
diastolic fluttering of the anterior mitral valve leaflet visual-
ized by 2D or M-mode echocardiography.83 In severe volume
overload and secondary mitral regurgitation, premature
closure of the mitral valve and septal hyperkinesis may also
be a feature.84

In horses with mild–moderate aortic valve regurgitation
and without evidence of heart failure, electrocardiographic
examination during appropriate exercise is mandatory to
ensure that there is an absence of exercise-induced ventricu-
lar arrhythmias.

Treatment

There is no specific treatment for aortic valve regurgitation
available and in horses with compensated valve dysfunction,
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LV LA

Fig. 33.35
Two-dimensional echocardiograph from the right hemithorax
from an 11-year-old riding horse with a grade 5/6 murmur of
aortic regurgitation. Note the rounded bloated appearance of
the dilated left ventricle. Dilation results in increased afterload
to the left ventricle and increases both myocardial work and
oxygen demand. Coronary perfusion is simultaneously
reduced as diastolic aortic pressure falls. Stretch and hypoxia
increase the likelihood of ventricular arrhythmia and there is
increasing risk of exercise-induced arrhythmias and sudden
death. Severe volume overload also causes dilation of the
mitral valve annulus resulting in secondary development of
mitral regurgitation that can ultimately result in left-sided
heart failure. LA, left atrium; LV, left ventricle. (Courtesy of 
Dr KJ Blissitt, Royal (Dick) School of Veterinary Studies,
Edinburgh.)
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VSD JET

INSUFICIENCY JET

AO

Fig. 33.37
Color flow Doppler study of the aorta and left ventricular
outflow tract from the right hemithorax of a 
7-year-old novice event horse during late diastole.The horse
failed a pre-purchase examination after a grade 3/6 diastolic
murmur was detected from the left heart base.The image
shows two discrete regurgitant jets (labeled), one from 
the aortic valve and one from a small ventricular septal 
defect which closes when the ventricle shortens in systole.
AO, aorta; RV, right ventricle; VSD, ventricular septal defect.

Fig. 33.36
Two-dimensional echocardiograph from a 9-year-old National
Hunt race horse with a grade 3/6 murmur of aortic
regurgitation.The image has been optimized to show the
aortic valve (center).The non-coronary leaflet (arrow) has
prolapsed into the left ventricular outflow tract.There is a
bright echogenic nodule at the coaptation point of the valve,
the usual site of nodular degeneration in older horses.



(Fig. 33.37).82 In many affected horses, the septal defect is
not of hemodynamic significance per se, as there is little or
no blood flow through it during systole as the heart con-
tracts and shortens. Aortic valve regurgitation has also
been implicated in the pathogenesis of aneurysm formation
in the proximal aorta.85

When the regurgitant fraction is large, there is volume
overload of the left ventricle (Fig. 33.35) and dilation of
the mitral valve annulus resulting in mitral regurgitation.
The severely dilated ventricle also becomes prone to exer-
cise-induced ventricular arrhythmias. This increased
susceptibility occurs due to increased cardiac work and
myocardial oxygen demand caused by increased cardiac
preload and the augmented afterload of cardiac dilation.
These factors are coupled with reduced diastolic blood
pressure and thence coronary perfusion pressure. The risk
of arrhythmia is heightened when myocardial oxygen
demand increases and diastole shortens during exercise.
As a result, affected horses should be monitored regularly
by echocardiography and exercising ECG as long as they
remain in ridden work.

Epidemiology

In a population of 1159 horses comprising many retired
animals, the presence of a diastolic murmur of aortic
insufficiency was found to be significantly associated with
age.86 The murmur is only infrequently detected in race
horses,1–4 but the prevalence is greater in older National
Hunt Thoroughbreds than in those engaged in flat racing
(Tables 33.1, 33.2).

Complex congenital lesions

A wide variety of complex cardiac abnormalities have been
reported in foals.87–95 They are however uncommon96 and
often result in early signs of heart failure and cyanosis.
Complex developmental abnormalities have a higher inci-
dence in Arabian foals, but they can occur in all breeds,
occasionally presenting at adulthood or adolescence97

(Fig. 33.38). Complex congenital lesions are not compatible
with athletic performance, but depending upon the amount
of intracardiac shunting and venous admixture, can carry a
surprisingly good prognosis for short- to medium-term
survival.

Diseases of the myocardium

● Diseases of the myocardium are poorly understood in
horses.

● They are characterized by loss of performance and
arrhythmias at rest and during exercise.

● Measurement of serum or plasma concentration 
of cardiac troponin I and the isoenzymes of lactate 
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none is indicated. When signs of left ventricular volume over-
load become evident (Fig. 33.35), or signs of heart failure are
present, the horse must be immediately retired from ridden
exercise. Palliative therapy focuses upon control of heart rate
(digoxin), reduction of volume overload (diuretics), and
reduction of cardiac afterload (angiotensin converting
enzyme inhibitors). On the rare occasion that valve dysfunc-
tion is caused by endocarditis, targeted antibiotic therapy will
be required.

Prognosis

Most commonly the condition arises due to normal pro-
gressive aging changes of the valve leaflets and when the
murmur is detected in older horses the prognosis for life
and performance is generally good. In such cases perform-
ance problems are rarely reported and the ultimate cause
of death or euthanasia in these horses is usually noncar-
diac. In older horses, the condition usually progresses
slowly and they are usually able to continue their normal
activities, provided they are monitored regularly by
echocardiography and ECG.

Aortic insufficiency also occurs sporadically in younger
horses when the only abnormalities on echocardiography
include leaflet prolapse, dilation of the aortic root, and pre-
mature degenerative changes (thickening or nodular
degeneration). In these horses the condition might progress
to heart failure during the course of the horse’s athletic
career. In some cases progression is very slow and the
horse’s career may not be noticeably compromised, but pro-
gression of regurgitation and volume overload is impossible
to predict in individuals, so all affected cases must be care-
fully monitored. As a result when the murmur is encoun-
tered during a pre-purchase examination, although each
patient must be considered individually, in general the
murmur should be viewed with concern.

When a systolic murmur of mitral valve regurgitation is
heard in conjunction with the diastolic murmur of aortic
insufficiency, or there is hyperkinesis of peripheral pulses, it is
likely that there is a large regurgitant fraction and that mitral
valve regurgitation is secondary to severe volume overload.
As a result prognosis is much more guarded and the horse
must be retired from ridden duties.

Etiology and pathophysiology

Usually the condition arises due to nodular degeneration of
the valve leaflets, a change that appears to be age
related.53,54 When a loud murmur of aortic insufficiency is
detected in a horse under 15 years of age there has been
premature progression of aortic valve disease and a compli-
cating reason, other than normal aging processes, is impli-
cated. Vegetative endocarditis, though very rare, can affect
both aortic and mitral valves in horses,70 and prognosis for
performance and survival is poor. More commonly prema-
ture regurgitation is caused by prolapse of the noncoronary
cusp of the aortic valve into a small ventricular septal defect



dehydrogenase will be elevated in severe acute cases of
myocardial inflammation and necrosis.

● Dilated cardiomyopathy occurs rarely in athletic horses
and has been associated with nutritional deficiencies in
young horses and cattle.

● Occasionally toxic damage to myocytes occurs when a
cardiotoxin is accidentally introduced into equine feed.
The ionophores salinomycin and monensin have caused
a number of such outbreaks throughout the world.98–102

● Horses that survive ingestion of cardiotoxins usually
develop a dilated hypocontractile ventricle that mimics
dilated cardiomyopathy.

● True inherited idiopathic cardiomyopathy, as occurs in
other species, has not yet been identified in horses.

Recognition

History

Myocarditis has been linked to poor performance syndromes
occurring in individuals, or in outbreaks in racing stables.
Myocarditis may be the underlying cause of atrial and ven-
tricular arrhythmia in athletic horses. In the acute phases of
toxic damage to the myocardium, one or more horses may die
suddenly from fatal ventricular arrhythmia.

Physical examination

In many mildly affected cases, the horse is normal on physi-
cal examination at rest. A cardiac rhythm disturbance may
be present during auscultation, or during palpation of the
apex beat or peripheral pulse. If cardiac function is severely

compromised, the horse will present with signs of biventricu-
lar heart failure (see ‘Mitral regurgitation’ above).

Special examination

A definitive diagnosis of the origin of the ectopic complexes
(atrial or ventricular) will be determined by electrocardi-
ography (see ‘Supraventricular premature systoles’ and
‘Ventricular premature systoles’ above). In cases of poor 
performance an ECG during appropriate exercise is advis-
able.

In acute cases, measurement of serum cardiac troponin
I and the isoenzymes of lactate dehydrogenase can some-
times provide a definitive diagnosis of myocardial
inflammation and necrosis, though in most horses these
analyses are not conclusive. It is important to appreciate
that these laboratory tests are poorly validated in horses
and that their sensitivity and specificity in this species have
not yet been determined. In addition, they have been devel-
oped to assess acute ischemic events in people, when the
amount of myocardial damage and necrosis is enormous.
With the possible exception of toxic damage to the equine
myocardium, in equine practice it is unlikely that such
severe acute myocardial damage is likely to occur, so it is
not surprising that in our hands these tests are frequently
disappointing. In addition, when horses present with sus-
pected myocardial dysfunction, it is quite possible that the
acute insult to the heart or any causative agent were
present considerably earlier, further reducing the power of
serologic and biochemical testing methods. Of the bio-
chemical tests currently available, cardiac troponin I prob-
ably has the highest specificity for myocardial injury and
appears to be phylogenetically conserved between
mammals. New markers of myocardial injury will
undoubtedly continue to be developed for assessment of
myocardial injury in human medicine. Unfortunately, for
the reasons stated above, no matter how specific these tests
become, it is unlikely that a biochemical marker will ever
be able to definitively diagnose mild myocardial dysfunc-
tion in horses.

Echocardiography is also useful to assess the cardiac
chambers and systolic function. Abnormal wall motion sug-
gestive of localized myocardial damage may be present, or
there may be extensive areas of fibrosis and calcification of
the myocardium and endocardium.

The results of all these examinations may be unremark-
able or equivocal, especially on horses with vague signs of
poor performance or lone arrhythmia.

It has also been suggested that postexercise echocardi-
ography may be a more sensitive method to detect mild
ischemic damage to the myocardium in horses.103,104

M-mode echocardiography is used within 60 seconds of exer-
cise to fatigue in an attempt to mimic the stress echocardi-
ography that is carried out during exercise in people to detect
subclinical disease.105 Unfortunately it is not practical to
perform the examination during steady-state exercise in
horses and the technique appears to have a very high
coefficient of variation in normal horses.106 Despite this
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RVOT

PA

AORTA

Fig. 33.38
Two-dimensional echocardiograph from the right hemithorax
of an 18-month-old Thoroughbred with tetralogy of Fallot.
This is a cranial short-axis view of the right ventricular
outflow tract (RVOT).The outflow tract connects directly
with a dilated aorta and a pulmonary artery (PA). Subvalvular
pulmonic stenosis is severe (red arrow).
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limitation, the method’s advocates claim that the technique
has been useful in horses undergoing performance evalua-
tion on the treadmill.104

Treatment

Therapeutic aim

Treat underlying disease process and any life-threatening
arrhythmia. Remove access to toxin. Improve nutritional
status.

Therapy

In all suspected outbreaks, or in individual animals, thor-
ough evaluation of previous medical history, bacteriologic or
serologic examination and assessment of nutritional status of
affected horses and, any horses in contact with the affected
animals, should be undertaken.

In most cases of extensive myocardial damage or 
necrosis, treatment is ineffectual once clinical signs are appar-
ent. Therapy is therefore aimed at the control of
clinical signs and amelioration of cardiac failure with 
the use of appropriate antiarrhythmic drugs to treat life-threat-
ening rhythm disturbances. Affected horses should always be
completely rested to reduce myocardial oxygen demand.

In less severely affected cases with signs of poor perform-
ance or lone arrhythmia, rest and steroid therapy have been
advocated (see ‘Supraventricular premature systoles’ above).
When biochemical markers of myocardial damage are elevated
at diagnosis, their levels can be used to monitor progress.

Prognosis

The prognosis for myocardial disease is dependent upon the
severity of the underlying damage to the myocardium. In
general the prognosis for return to athletic function is hope-
less if there is echocardiographic evidence of reduced systolic
function or marked chamber dilation. The prognosis for sur-
vival is also poor.

When myocarditis is suspected in horses presenting with
poor performance and arrhythmia, and when there are no
echocardiographic or biochemical abnormalities, prognosis is
fair. A percentage of affected horses will return to their previ-
ous athletic performance following rest and/or steroid therapy.
In the absence of a definitive test to diagnose myocarditis in
horses, unfortunately it is questionable whether true myo-
cardial inflammation was ever present in many of these cases.
Myocardial biopsy is an invasive, high-risk procedure, and as a
result it seems unlikely that our understanding of this condi-
tion will improve in the foreseeable future.

Etiology and pathophysiology

In most species the usual underlying cause of myocardial
damage is ischemia resulting from coronary artery occlu-

sion, usually arteriosclerosis. A similar etiology may under-
lie the condition in horses, as areas of focal fibrosis are
common in the equine myocardium at post-mortem exami-
nation.53–55 Cranley & McCullagh55 also demonstrated a
relationship between proximal aortic Strongylus vulgaris
lesions and the presence of focal ischemic lesions in the
myocardium and hypothesized that microembolization
from parasitic lesions in the proximal aorta produced
obstructive arteriosclerotic lesions in myocardial arterioles.
In most horses, the areas of fibrosis are focal and do not
penetrate the whole thickness of the ventricular
myocardium,53–55 but it is possible that during cell ischemia
and death, before fibrosis occurs, these areas act as foci for
arrhythmogenesis. In more severely affected horses, there
may be sufficient damage to wide areas of myocardium to
provoke extensive remodeling and lasting damage to
cardiac function. Unfortunately in most post-mortem
studies the fibrotic lesions cannot be correlated to clinical
signs before death and in many cases the lesions appear
inactive. In addition, improved anthelmintic management
of equidae has resulted in a marked reduction in the inci-
dence of thrombo-ischemic lesions associated with large
strongyle infestations (Dr Ken Smith, personal communica-
tion), although minor intimal tracking consistent with
strongyle damage remains a common incidental finding at
post-mortem examination.107 Although the precise etiology
was uncertain, a number of authors have found post-
mortem evidence of acute myocarditis in horses presenting
with severe ventricular arrhythmia and poor perform-
ance.61,63,108

Ionophores such as monensin,109,110 and salinomycin98

and rattlesnake poison111 cause direct damage to myocytes
resulting in cell death, replacement fibrosis, arrhythmia, and
loss of systolic function.

In the poor performance syndrome in racing yards, the
cardiac signs are often observed some time after an out-
break of infectious respiratory disease, but despite exten-
sive serologic and bacteriologic investigations, in most
cases, a causative agent cannot be identified. More
research is needed in this area. In humans, viruses are
believed to be associated with dilated cardiomyopathy,112

and during influenza virus epidemics there may be unex-
pected mortality of humans due to cardiovascular dis-
eases.113 The precise mechanism of viral damage to the
myocardium is not fully understood, but may involve pro-
coagulant effects.113 It is possible that similar sporadic
cases of virus-associated or postviral myocarditis occur in
the equine population, but at the moment this is entirely
speculative. There is, however, evidence that equine
viruses, including equine viral arteritis, equine her-
pesvirus-1, and African horse sickness virus, replicate in
epicardial or myocardial blood vessels in natural and exper-
imental disease,114–116 and myocarditis has been reported
in horses infected with influenza virus.117,118

Idiopathic dilated cardiomyopathy in dogs and humans
results from various genetic mutations of the proteins
involved in cardiac contraction. There is reduced contractile
function and ultimately cell death and fibrous remodeling
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that result in a dilated poorly contractile ventricle and symp-
toms of heart failure and arrhythmia. There have been clini-
cal and anecdotal reports of a similar syndrome in horses,
based on the post-mortem or echocardiographic diagnosis of
a large dilated heart. However it is important to appreciate
that myocardial failure and dilation accompanies all types of
heart failure in end-stages, so that echocardiographic evi-
dence of dilated poorly contractile ventricle is not diagnostic
of dilated cardiomyopathy.

Epidemiology

No epidemiologic information is currently available, as
myocarditis is too poorly understood in horses.

Diseases of the pericardium

Recognition

History

Affected horses may present with general signs of malaise or
evidence of heart failure including weakness and collapse.119

Presenting signs

In horses affected with bacterial pericarditis, there will be
associated signs of infection and sepsis. Cardiovascular signs
depend upon the volume of pericardial fluid. In cardiac tam-
ponade (large effusion compressing the right atrium), jugular
distension, subcutaneous edema, ascites, pleural effusion and
abdominal enlargement will be evident. Peripheral pulse
quality is poor and heart rate is increased. There may by
muffling of the heart sounds with the presence of pericardial
friction rubs in some cases.119,120

Special tests

Two-dimensional echocardiography will identify fluid in the
pericardial space. There may be obvious compression of the
right cardiac structures, depending upon the volume of
effusate present.

Electrocardiography will reveal sinus tachycardia, but the
QRS amplitude will be less than usual. Electrical alternans, as
occurs in other species, is rare in horses.119,120

Hematology, bacteriology and analysis and culture of peri-
cardial fluid are valuable in determining etiology and treat-
ment in cases of septic pericarditis.

Therapy

Therapeutic aims

To release pressure on the right heart chambers and restore
normal cardiac filling and to achieve bacteriological cure in
cases of septic pericarditis

Treatment

Aggressive pericardial drainage and lavage have been recom-
mended for effusions associated with cardiac compromise.119

Additional antibiotic therapy as indicated by culture and
sensitivity will also be indicated in bacterial pericarditis. In
cases of nonseptic idiopathic pericarditis, corticosteroids are
recommended.119,120 Surgical pericardectomy was also
attempted as a treatment for restrictive pericarditis in a horse,
but the results were disappointing and the condition
recurred.121

Prognosis

In a series of 18 cases described by Worth & Reef,119 all 14
of the horses treated successfully returned to their previous
athletic performance. Only one treated horse died in the
series of 10 cases of idiopathic pericarditis described by
Freestone and colleagues,120 suggesting that with aggres-
sive treatment prognosis is good. In contrast to other
species, there are few reports of effusion returning repeat-
edly after drainage. If effusion results from sepsis, or
trauma, the prognosis is more guarded and will depend
upon the nature of the effusion and the response to antimi-
crobial agents.

Etiology and pathophysiology

In the series of 18 cases described by Worth & Reef,119 peri-
carditis was defined as idiopathic in six horses. A bacterial
cause was identified in five horses and the remaining horses
had nonseptic pericarditis associated with bacterial (five
horses) and viral respiratory disease (two horses).
Laboratory analysis of pericardial fluid samples from 10
cases of idiopathic pericarditis classified six cases as aseptic
serofibrinous, three cases as eosinophilic, and one case as
histiocytic.120

The hemodynamic effect of pericardial effusion depends
upon the volume of effusion and the amount of compression
of the thin-walled right atrium. Increased pericardial pres-
sure impedes ventricular filling and increases end-diastolic
pressure. Reduced stroke volume of the right heart causes
reduction in arterial blood pressure and activates the
renin–angiotensin system resulting in massive retention of
Na and water. Backward failure of the right ventricle rapidly
occurs, resulting in jugular distension and abdominal,
pleural and subcutaneous fluid accumulation. Low-output
failure simultaneously results in weakness and exercise
intolerance.

Epidemiology

Isolated cases of pericarditis occur only rarely in athletic
horses and no specific epidemiologic information is available.
In spring of 2001 in central Kentucky, outbreaks of peri-
carditis and uveitis were recognized in grazing yearlings. The
outbreaks occurred concurrently with mare reproductive



Etiology and pathogenesis

Rupture of the aorta, at the level of the sinus of Valsalva, aortic
arch, or the main pulmonary artery and its branches, can
occur.123–125 When a large vessel ruptures into the thoracic
cavity, death is immediate through rapid hypovolemic shock.
Aortic aneurysms are reported most frequently at or around the
right coronary sinus up to the brachiocephalic trunk.85,126–128

It seems likely that an aneurysmal weakness at the site of vessel
rupture also underlies sudden death and rupture is most likely
during strenuous exercise when arterial and pulmonary vascu-
lar pressure increases. These sites are also commonly affected
with lesions associated with Strongylus vulgaris migration55 and
parasitic damage to arteries has been postulated to underlie
great vessel rupture in horses. In subacute cases rupture of the
aneurysm usually occurs at the level of the right coronary
artery from whence it dissects into the interventricular
septum,57 pulmonary artery,129 or the right heart.130 When the
aneurysm dissects through the interventricular septum, there is
widespread damage of the cardiac conduction system resulting
in the characteristic ventricular rhythm disturbances.
Occasionally volume overload leads to right heart failure after
rupture of the aneurysm into the right ventricle.130

Pulmonary artery aneurysm and vessel rupture can be
associated with severe pulmonary hypertension in left heart
failure.

Epidemiology

Large vessel rupture tends to occur most frequently, but not
exclusively, in older performance horses.

Cranial mesenteric parasitic arteritis

History and presenting signs

Cranial mesenteric parasitic arteritis cases present with acute
colic symptoms when mesenteric arterial occlusion is com-
plete, or with chronic weight loss, diarrhea and intermittent
recurrent colic if occlusion is partial.131

Special tests

Peritoneal fluid aspiration and rectal examination will be
necessary to establish a diagnosis.

Therapy

Therapeutic aims

Therapy is usually palliative but aims to restore normal
nutrition, hydration and electrolyte status, and normal gut
function.

Treatment

Larvicidal anthelmintics are recommended. For thrombo-
embolic colic, laparotomy and resection of devitalized bowel
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loss syndrome on breeding establishments. The syndrome
was only detected in horses at grass and as a result, athletic
animals were not affected.122 The precise etiology of the syn-
drome remains uncertain at this time.

Diseases of the vessels

Parasitic arteritis

General

Three general syndromes of large vessel disease are recog-
nized in performance horses. These are: sudden death due to
large vessel rupture; acute or recurrent colic due to arteritis
and thrombosis of the cranial mesenteric arteries or renal
arteries; and a vague history of increasingly poor perform-
ance and hind limb lameness with aortoiliacofemoral
thrombosis.

Aortic and great vessel rupture

Recognition

History and presenting signs

Horses present with sudden death or sudden-onset pallor,
tachycardia, and weakness, usually during exercise.
Subacute cases may also present with ventricular arrhyth-
mia, usually ventricular tachycardia.57 Rapid weak pulses
with pulse deficits are usually obvious. Horses are often in
extreme distress and exhibit profuse sweating. They are fre-
quently misdiagnosed as colic cases. There is usually a loud
continuous cardiac murmur, the position of which varies
according to the site of rupture.

Treatment

There is no specific treatment. Antiarrhythmic drugs may
be used to control the ventricular rhythm disturbance for
symptomatic relief. Response to drug therapy is variable,
depending upon the extent of damage to the conduction
tissues.

Prognosis

Death usually occurs acutely or very soon after vessel
rupture due to ventricular arrhythmia or hypovolemic
shock. When rupture is into the right heart, the horse may
present subacutely with a sudden onset continuous heart
murmur, ventricular arrhythmia, and/or acute distress. The
prognosis for subacute cases depends on the site and size of
the aortic rupture. Usually, but not invariably, they are also
fatal.



Therapy

Therapeutic aims

To relieve signs of hindlimb ischemia by restoring limb blood
flow. Strategies include preventing further thrombus forma-
tion, encouraging thrombolysis, providing analgesia, and
allowing a collateral circulation to develop.

Treatment

Specific treatments with various anticoagulant agents136 and
surgical removal of thrombus have been described. None
have been critically assessed and recovery will always depend
upon the development of collateral circulation and preven-
tion of further clot formation. In athletic horses, daily admin-
istration of aspirin is often recommended, but its efficacy is
unknown.132 Monthly administration of ivermectin coupled
with twice daily administration of phenylbutazone has also
been suggested, but the efficacy of this regime is also difficult
to assess as improvements in clinical signs may result from
the development of collateral circulation alone.137

Prognosis

The prognosis for return to previous levels of athletic per-
formance after aortoiliacofemoral thrombosis is poor.

Etiology and pathophysiology

Characteristically organized lesions are found at the aortic
quadrification and extend into the distal portions of the
femoral and internal iliac arteries. The lesions may be par-
tially or completely occlusive and consist of well-organized
and well-vascularized fibrous tissue, occasionally containing
hemorrhagic or degenerate areas. Proximal to the organized
masses, thrombi are often present.138 The pathogenesis of the
lesions remains unclear. Strongylus vulgaris larval damage
has been implicated, but actual larvae or inflammatory cells
are not usually present in the lesions138 and the larvae rarely
migrate to such caudal arterial locations.107 In addition, the
disease is most frequently reported in athletic animals with a
good standard of management. Others have suggested that
the condition may be similar to arteriosclerosis obliterans in
humans when intimal damage, expression of inflammatory
mediators, thrombus formation and fibrosis result in progres-
sive vessel occlusion.138 It has been proposed that equine iliac
arteries may be predisposed to damage because of vessel
branching that results in turbulent flow at a location that is
already predisposed to damage because of large forces of
locomotion and tight fascial attachments to surrounding
tissues.137

Epidemiology

The condition has been documented in horses of all ages and
sexes, but clinical signs are more frequently reported in male
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may be required. Fluid therapy and analgesic administra-
tion may also be required in cases of acute and chronic
colic.

Prognosis

Depends on the severity of the presenting signs in colic cases,
but repeated bouts of colic can continue until an acute
ischemic episode occurs.

Etiology and pathophysiology

During migration, Strongylus vulgaris larvae damage the
arterial endothelium. This results in activation of
inflammatory mediators, disruption of the normal integrity
of the vessel wall, and intimal thickening.107 The resulting
turbulence and expression of inflammatory mediators pro-
motes platelet adhesion, fibrin deposition, and thrombus
formation. Lesions are most likely to form at vessel
branches, where eddy formation and turbulence naturally
occur.

Epidemiology

Parasitic arteritis is most likely to occur in horses with a
history of inadequate or inappropriate anthelmintic use.

Aortoiliacofemoral thrombosis

Presenting signs

Clinical signs vary from mild hind limb stiffness that
reduces performance to more severe unilateral or bilateral
hindlimb lameness induced by strenuous exercise. Fairly
commonly, increasingly poor performance is often noted
before the onset of more dramatic clinical signs. The
affected limb may feel cooler after fast exercise. Affected
horses may also become distressed and unpredictable and
sweat profusely immediately following very strenuous
work. There may be reduced saphenous venous refill time in
the affected limb after exercise and the affected limb may
feel cooler. In longstanding cases there may be unilateral
hind limb muscle atrophy.132,133

Special tests

Aortoiliacofemoral thrombosis may be diagnosed by careful
rectal palpation revealing vessel occlusion/aneurysm at the
bifurcation of the caudal aorta. Two-dimensional ultra-
sonography is the most practical method to make a definitive
diagnosis,134 although Doppler and nuclear scintigraphic
methods135 have also been used. In athletic horses, the
thrombus is usually only partially occlusive at presentation
and flow limitation occurs initially at maximal exercise. As
the thrombus increases in size, flow limitation occurs with
progressively less strenuous activity.



performance horses.138 It is possible this observation reflects the
higher proportion of males engaged in strenuous activity rather
than a true sex difference in prevalence of arterial damage. The
average age of horses in a series of 15 cases was 5.2 years.138

Jugular vein thrombosis

Recognition

History

This condition is often associated with prolonged intravenous
catheterization following surgical procedures. Horses with
endotoxemia or septicemia are at increased risk.139 Venous
thrombosis and thrombophlebitis also follow repeated
jugular venepuncture, particularly when the drugs being
administered are irritant, or intravenous technique is poor.
Presenting signs When one vein is affected there may be
no obvious clinical signs except localized firmness and
cording of the vessel. When both vessels are affected, there
will be proximal engorgement of vessels coupled with sub-
cutaneous and local edema. Head and laryngeal swelling can
occur in extreme cases. Head swelling is always exacerbated
when the head is lowered, e.g. during grazing. When a long
length of vein is occluded by thrombus, there may be bac-
terial colonization resulting in pyrexia, depression, neck stiff-
ness, heat, and pain. Inadvertent perivascular deposition of
irritant drugs such as phenylbutazone, guiaphenesin,
thiopentone and hypertonic solutions also results in heat,
swelling and localized pain. If sufficiently severe, the initial
chemical irritation may be followed by a marked inflamma-
tory response, tissue necrosis, and skin sloughing.

Special examination

Two-dimensional ultrasound examination is useful to assess
the extent of the thrombus, or check jugular vein patency in
cases of severe perivascular inflammation and swelling. An
echodense cavitating thrombus is usually present within the
jugular vein. The appearance of brightly echogenic areas
within the thrombus suggests that gas-forming bacteria are
present and that aggressive treatment will be required.
Hematologic and biochemical investigation usually demon-
strates leucocytosis, neutrophilia, and hyperfibrinoginemia.

Treatment

Therapeutic aims

Therapy is focused upon the need to discourage further
thrombus formation and the control and prevention of infec-
tion, thus reducing the chances of septic embolization and
systemic complications. In mild or unilateral cases treatment
may not be required as spontaneous recanalization occurs in
many affected horses.

Therapy

Prolonged systemic antibiotic therapy will be required when
bacterial infection is present. All intravenous catheters must
be removed and further venepuncture cease. Surgical exci-
sion and removal of the affected vein may be required when
the lesion is extensive and infected.140–142 Concurrent
administration of nonsteroidal anti-inflammatory drugs, hot
packing, and massage may also provide analgesia and relief
during the acute phase.

When inadvertent perivascular injection of a known irri-
tant has occurred, the drug should be diluted by instilling
large volumes (at least 1 L) of isotonic electrolyte solution
around the site. Local anesthetic agents (without epinephrine)
can be added to the diluent solution to provide analgesia.

Prognosis

In most cases prognosis is good and normal jugular filling
returns after recanalization occurs. If there is infection and
septic embolization, the prognosis is more guarded. If early
aggressive treatment is not performed after perivascular
injection of a known irritant, there may be extensive necrosis
and sloughing of neck skin that ultimately requires recon-
structive surgery. Occasionally there may be damage to the
recurrent laryngeal nerves, carotid artery, ventral neck
muscles, and the vago-sympathetic trunk.

Etiology and pathogenesis

Localized or diffuse vascular endothelial damage exposes
endothelial collagen and promotes platelet and fibrin adhesion
and thrombus formation. When the thrombus is occlusive there
is increased venous pressure resulting in swelling and edema in
dependent areas. When thrombus or thrombophlebitis is com-
plicated by sepsis there will be pyrexia and the possibilty of
septic emboli causing disease in other body systems. Horses
with a hypercoagulable state, or with endotoxemia and sepsis,
are at a higher risk of thrombosis and thrombophlebitis.139

Although the jugular vein is most commonly affected, throm-
bosis of other systemic veins has also been reported.143

Epidemiology

Jugular thrombosis and thrombophlebitis occur sporadically
in performance horse and are usually iatrogenic associated
with administration of drugs or intravenous catheterization.

Immune-mediated vasculitis

History

Immune-mediated vasculitis is associated with previous and
ongoing infections including Streptococcus equi (strangles),
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equine viral arteritis, ehrlichiosis, equine infectious anemia,
and equine influenza. Occasionally the syndrome occurs after
other systemic diseases including neoplasia and colitis.144 As
a result the condition is rare in athletic horses.

Presenting signs, treatment, and prognosis

Immune-mediated vasculitis usually results in cutaneous
lesions (crusting, ulceration), edema, erythema, pyrexia, reluc-
tance to move, depression, and inappetance. Treatment
depends upon the underlying cause, although corticosteroids
are recommended in the absence of active infection. Prognosis
depends on the underlying cause, speed of recognition of clini-
cal signs, and patient response to early aggressive treatment.
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to tolerate high concentrations of lactate, but also the behav-
ior of equine red blood cells (RBC) appears to differ from that
of other athletic species. In horses, but not in other species
studied so far, RBC appear to function as a lactate sink which
may contribute to the efflux of lactate from contracting skele-
tal muscle.13–16

Skeletal muscle is well adapted for upregulation of meta-
bolic rate with increasing intensity of exercise. For example,
oxygen uptake, which at rest may be as low as 4 mL/kg/min,6

increases in exercising horses up to 160–200 mL/kg/min.1–3

In Standardbred horses running at 100% of V̇O2max, total
muscle blood flow has been estimated at 226 L/min or
approximately 78% of total cardiac output.17 Therefore, the
increase in metabolic rate is even greater in contracting skele-
tal muscle and oxygen consumption may approach
250 mL/per kg muscle per min.18 This change in oxygen
uptake indicates acceleration of aerobic pathways for energyIntroduction

The superior performance capacity of horses may have its
roots in evolution as the means for a horse to escape its
predators, and natural selection has led to the survival of the
fastest individuals. Several physiologic factors contribute to
the horse’s athletic prowess. Aerobic capacity, as indicated by
maximal oxygen uptake,1–3 is more than twice that of elite
human athletes. This exceptional oxygen uptake is made pos-
sible by a high cardiac output and capillary and mitochondr-
ial density in skeletal muscle, and also by the splenic reservoir
of 4–12 L of red blood cells released into circulation at the
beginning of exercise. Several studies in horses and other
species have shown that the augmentation in oxygen-carry-
ing capacity resultant from increased red cell volume
markedly increases aerobic capacity.4–6 The horse is also
advantaged by high muscle glycogen stores7,8 that provide a
readily available pool of substrate for ATP synthesis, thereby
avoiding limitations to performance associated with inade-
quate substrate supply. In addition, equine skeletal muscle
has higher buffering capacity compared to other species9

which allows the horse to tolerate high muscle lactate con-
centrations during exercise.10–12 Not only is the muscle able
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transduction, but during high-intensity exercise the rate of
anaerobic metabolism also increases. Adenosine triphos-
phate (ATP) content in muscle remains nearly constant over
a large range of changes in muscle activity,19–22 indicating
that ATP demand for muscle contraction is balanced by
adenosine diphosphate (ADP) rephosphorylation. During
maximal exercise or due to shortage of glycogen and other
fuels, the rate of ATP utilization may exceed the rate of pro-
duction, with resultant activation of the enzyme myokinase
and eventually loss of adenine nucleotides. In human skeletal
muscle, energy consumption may be up to 3 mmol ATP/kg
muscle per s23 and if it is assumed that similar maximal rates
occur in equine muscle during intense exercise, it is evident
that ATP resynthesis from the aerobic oxidation of glucose or
fatty acids will not meet energy demands during maximal
exercise.24 The remainder must be derived from anaerobic
processes, mainly glycolysis of glucose to lactate.

Integration of various body
systems

Exercise requires the co-ordinated function of the central
nervous, respiratory, cardiovascular, hematologic and mus-
culoskeletal systems. At the onset of exercise, the rapid and
pronounced effects on the cardiovascular system and overall
metabolic rate are initiated and controlled by neuroendocrine
mechanisms with the catecholamines norepinephrine and
epinephrine being the primary regulators. These hormones
are synthesized and secreted by the adrenal medulla; norepi-
nephrine also by postganglionic sympathetic neurons. In
horses, high plasma concentrations of epinephrine during
exercise suggest that the adrenal medulla plays a more
important role in the sympathoadrenal response than in
other species.25 Heart rate increases from the resting level of
30–40 beats per minute (bpm) up to 200–250 bpm.26 In
addition, cardiac contractility increases and systole is short-
ened. Together, these changes result in an up to 10-fold
increase in cardiac output, which in horses during exercise
may be over 300 L/min, a value that is 2–3 higher than in
steers of the same size.27 Catecholamines also cause con-
traction of the spleen and thus the release of 4–12 L of
red blood cells into circulation.4,28 Due to neural factors,
hypoxia and hormones such as atrial natriuretic peptide,
arginine vasopressin and hormones of the renin–angiotensin
system, vasodilation occurs in muscles, thereby reducing
total peripheral resistance.29 Simultaneous vasoconstriction
and reduction in blood flow to other tissues allows blood 
flow in skeletal muscle to increase by 70–76-fold,26 while 
an 80% reduction in renal blood flow has been
reported.18,29–31

The rate of respiration, which in galloping horses is
coupled to stride frequency, also increases. Catecholamines
are involved in the stimulation of respiration rate and also
contribute to an increase in minute ventilation via relaxation
of bronchioles.32

Hormonal mechanisms are also important for the mobil-
ization and utilization of energy substrates. The cate-
cholamines together with insulin and cortisol increase the
availability of fuels for energy transduction. In muscle, rapid
degradation of glycogen is induced through activation of
glycogen phosphorylase and inhibition of glycogen synthesis.
Similar changes in the liver lead to release of glucose into cir-
culation, which is further augmented through stimulation of
gluconeogenesis. In adipose tissue, catecholamines activate
hormone-sensitive lipase, which results in an increase in the
plasma concentration of free fatty acids. The inhibitory effect
of insulin on lipolysis is attenuated as epinephrine decreases
the release of insulin from pancreas (Fig. 34.2).

Methods of assessing 
metabolic responses to
exercise

Exercise testing

To allow day-to-day or horse-to-horse comparisons, condi-
tions for exercise testing should be standardized, which
usually means the use of a high-speed treadmill. Modern,
high-speed treadmills are capable of speeds in excess of
17 m/s. However, for safety reasons exercise tests involving
maximal effort are often performed at lower speed with the
treadmill set at an incline of up to 6° (10% grade). The
advantages of treadmill testing are obvious – the speed and
duration of exercise bouts can be controlled and the ambient
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Exercise-induced changes in various body systems. Delivery of
oxygen to working muscles is increased due to the effects of
catecholamines and other hormones on the lungs, heart,
spleen and blood vessels. Simultaneously, catecholamines
together with other catabolic hormones increase the supply
of energy substrates via circulation and through increased
breakdown of muscle glycogen.



temperature can be kept constant. Furthermore, in countries
where the ambient temperature and humidity are usually low, a
climate-controlled treadmill laboratory facilitates exercise
testing under conditions of high temperature and/or humid-
ity.33–35 Equally important is that while the horse is moving,
blood samples can be taken through a catheter placed in a vein
or an artery either with a syringe or constantly with the help of
a peristaltic pump and a fraction collector.36 Heart rate can be
monitored with a pulse meter or by calculating it from an elec-
trocardiogram and activity of different muscles can be recorded
by electromyography.37 Furthermore, the horse can be equipped
with a mask that allows measurement of respiratory gases.
Additional weight may be placed on the horse to simulate the
weight of a rider or the horse can actually be mounted by an
experienced rider.38 The treadmill is also a suitable tool to study
locomotion, because the horse is not moving forward and thus 
it is possible to film movements with a high-speed camera 
(Fig. 34.3).

Several types of treadmill tests have been developed since
1960s when Professor Sune Persson in Sweden designed a sub-
maximal standardized exercise test,4 modifications of which are
nowadays frequently used all over the world. In the original test
the horse runs four successive 2-minute intervals with the aim
of reaching a heart rate of 200 bpm at the highest speed. Blood
samples are taken at the end of each 2-min bout that is long
enough to allow the heart rate to level off at each speed. This test
and its modifications, which include differences in the incline
and the duration of exercise intervals, are very useful, for
example, for determination of lactate threshold and other
indices of aerobic capacity. A typical result from such an exer-
cise test for two horses, one well trained and the other less
trained, is shown in Figure 34.4.

In tests to determine maximum heart rate and oxygen
uptake (V̇O2max) the intervals are usually shorter, often 1 min,
up to a speed when the horse is no longer able to 
keep up with the treadmill. Treadmill tests are also well suited

for endurance-type exercise. The speed may be constant
throughout the test or may include faster and slower 
phases. The duration of the test is either determined in
advance or the test is continued until the onset of fatigue. The
test may also be designed to simulate a specific type of event,
such as the competition exercise test that simulates the
endurance test of a three-day event.39 It is also possible to
load the horse with additional weights in a system that
simulates draught work.40 Because some indices of exercise
capacity, such as VLa4 (the running speed that elicits a 
blood lactate concentration of 4 mmol/l) or V200 (the
running speed that elicits a heart rate of 200 bpm), may be
influenced by apprehension, the horses should be acclima-
tized to the treadmill, a procedure that usually takes 
1–2 exposures.41

The main drawback of treadmill exercise testing is the
expensive equipment needed. Therefore horses are often tested
on a track, where it is possible to simulate any type of competi-
tion but more difficult to control the speed and take blood
samples when compared to treadmill testing procedures. Also
the testing conditions may vary from one testing occasion to
another, because ambient temperature, wind, track surface and
other extraneous factors in the vicinity of the track may
influence the results. Furthermore, the horse has to be stopped
every time a blood sample is taken and therefore the speed
cannot be increased as smoothly as on a treadmill. The stop,
although short, may also influence the concentrations of
metabolites in blood. Several studies show, however, that 
track tests are reproducible and reliable,42–44 but comparison to
treadmill tests is difficult.45

Samples and measurements to study
the effects of exercise

Blood samples are often used to estimate the effects of exer-
cise, as they are easier to collect and less invasive than muscle
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Fig. 34.3
A horse running on
a high-speed
treadmill. (Courtesy
of Yrjö Tuunanen.)
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Fig. 34.4
Blood lactate response to submaximal treadmill exercise
depends on the aerobic capacity of the horse. In untrained
horses (orange circles) 2-minute steps at speeds indicated on
the x-axis induce a rapid increase in blood lactate
concentration, while the higher aerobic capacity of trained
horses (blue circles) allows energy transduction without
accumulation of lactic acid.



samples. From a metabolic viewpoint, the most interesting
samples would be those taken from veins coming directly
from exercising muscles, especially if combined with arterial
samples. These would allow for calculation of oxygen uptake,
the consumption of various fuels and the efflux of catabolic
products. However, for practical reasons samples are most
often taken from the jugular vein, which represents mixed
venous blood. For some metabolites, the concentrations in
jugular venous blood are similar to those in arterial blood,46

while others such as lactate differ.47 It should, however, be
kept in mind that concentration of any substance in blood is
a sum of its release into and its disappearance from the blood
and the analysis of blood samples gives information only
about the very moment the sample is taken, but does not tell
anything about the rates of events.

Metabolites, such as non-esterified fatty acids (NEFA), are
usually analyzed from blood plasma or serum but for some
analysis, especially glucose and lactate, whole blood can also
be used. The analysis of lactate is complicated because equine
RBC appear to function as a lactate sink and up to 50% of
blood lactate may be in RBC.13,48 Although there is a close
correlation between whole-blood and plasma lactate concen-
trations,13,49 this is not true on an individual basis because
the uptake of lactate into RBC varies interindividually.15,48

On the basis of lactate transport activity, Standardbred
horses can be divided into two populations: one with high
and the other with low lactate transport activity in their
RBC.15,50 Lactate transport capacity appears to be inherited
with the high capacity being caused by the dominant allele.50

Because of this interindividual variation in lactate distribu-
tion and differences in arterial and venous lactate concentra-
tions,47 it is extremely important to standardize the sampling
and the treatment of samples when, for example, lactate
threshold values are measured. To demonstrate the effects of
RBC lactate transport activity on the interpretation of blood
lactate data, the following example is given. Two horses had
the same blood lactate concentration of 18.7–18.8 mmol/L
after exercise. One of the horses with high lactate transport
activity in its RBC had a plasma lactate concentration of
21.4 mmol/L, while the other with low lactate transport
activity in RBC had a plasma lactate concentration of
29.6 mmol/L. Thus, if lactate threshold was calculated on
the basis of blood lactate concentrations the two horses
would have had the same value, but if the determination was
based on plasma values a significant difference would have
been recorded.24

As stated above, the blood samples are not suitable to
measure rates or fluxes. To study these isotope techniques are
available. When a small amount of a substrate labeled with a
radioactive, e.g. 14C, or a stable, non-radioactive, e.g. 13C,
isotope is infused into the circulation, the disappearance 
of the isotope can subsequently be analyzed from serial 
blood samples and the rate of substrate utilization can be
calculated. Of these alternatives, the use of stable, non-
radioactive isotopes is safer but the disadvantages are the
high price of stable-isotope labeled substrates as well as the
complexity of the analysis techniques, which also requires
special apparatus.51–53 Recent equine studies have employed

stable isotope tracer techniques in exercise studies. Geor et
al,54–57 Jose-Cunilleras et al58 and Pagan et al59 used a con-
stant-rate infusion of a stable isotopically labeled tracer of
glucose in order to quantify rates of glucose production and
utilization during sustained exertion. From concurrent cal-
culations of whole-body rates of carbohydrate (CHO) oxida-
tion and the rate of plasma glucose disappearance (glucose
Rd), it was also possible to estimate the contribution by
plasma glucose and intramuscular CHO (glycogen and
lactate) to total CHO use. The latter calculations were based
on the assumption that the glucose Rd was equal to actual
plasma glucose oxidation rate. This assumption has been val-
idated in human subjects during exercise60 but not yet
verified in horses.

Metabolic changes in muscle are determined by analysis of
biopsy samples, which are usually taken from the middle
gluteal muscle at the depth of 2, 4 or 6 cm.61–65 If samples
are taken before exercise and immediately after exercise, it is
possible to estimate the consumption of glycogen and accu-
mulation of lactate. Muscle samples are also useful to follow
the recovery of energy stores and to evaluate training effects,
because in addition to the changes in fuels and metabolites, it
is also possible to determine the muscle fiber composition,
capillarization and mitochondrial density and to measure
activity of enzymes.

Muscle samples can be analyzed as a mixed sample con-
taining all fiber types or on a single fiber or fiber-type basis.
For practical reasons most biochemical analyses are per-
formed on mixed muscle samples because of the substantially
greater amount of work required for isolation of single fibers.
A semiquantitative alternative is the use of histochemical
analysis, e.g. for the analysis of glycogen in single fibers. The
differences in the results between mixed muscle and single
fiber analysis may be enormous. Concerning glycogen analy-
sis, a 50–60% decline may be observed in homogenates of
mixed muscle obtained after exercise, but examination of
individual fibers from the same sample may reveal complete
depletion of glycogen in some fibers and minimal change in
others.66–69 The same is true for ATP. The concentrations of
ATP in some fibers are extremely low after maximal exercise,
while in other fibers from the same sample the levels are close
to resting values.70,71

Lactate threshold (VLa4) and the speed of the horse at a
heart rate of 200 bpm (V200) are useful indicators of aerobic
capacity and frequently used in the evaluation of fitness and
state of training. These indices are easy to measure, can be
determined both on a track and a treadmill and do not
require any expensive equipment. Metabolically, lactate
threshold is said to represent the maximal work intensity at
which ATP is produced aerobically, i.e. there exists a steady-
state situation in blood lactate concentration, wherein lactate
is released (mainly from muscles) into circulation at the same
rate as it is used by other tissues. Based on studies in humans,
it has been shown that blood lactate concentration starts to
increase exponentially around a concentration of 4 mmol/L.
Similarly, in horses lactate threshold is expressed as the speed
of the treadmill or the speed of the horse on a track when
blood lactate concentration is 4 mmol/L.
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The speed at a heart rate of 200 bpm (V200) has been sug-
gested to indicate both the cardiovascular and metabolic capac-
ities of a horse.72 Aerobic capacity, measured as maximum
oxygen uptake (V̇O2max), correlates with the running speed over
2000 m.73 V̇O2max is also useful, because thereafter 
it is possible to express workloads as a percentage of V̇O2max.74

Rose et al75 used different exercise protocols to determine 
V̇O2max and found that the test itself did not markedly influence
the results and the close correlation between maximum oxygen
uptake and maximum heart rate allows estimation of the
former on the basis of the latter variable.76

Anaerobic capacity is far more difficult to estimate and
many of the tests used to evaluate anaerobic power of human
athletes are not suitable for horses. So far, the only test that
can be applied from human sports medicine is the measure-
ment of maximal accumulated oxygen deficit (MAOD), which
is calculated from the difference of calculated O2 demand and
maximum oxygen uptake.77

The expired gases, oxygen and carbon dioxide, can addition-
ally be used to calculate the respiratory exchange ratio (R), i.e.
the ratio of carbon dioxide produced over oxygen consumed.
Using stoichiometric equations for the combustion of CHO and
fat, values for R can be used to estimate the relative contribution
of these substrates to energy expenditure during exercise. It
should be noted, however, that these estimates are invalid at
high work intensities wherein a portion of expired CO2 is derived
from the bicarbonate buffer system (the buffering of lactic acid)
and values for R may be greater than 1.0.

Sources of metabolic fuel

Fuel for ATP synthesis in skeletal muscle is either stored in the
muscle cells or taken up from the circulation. The utilization
of fuels is limited by their availability, activity of oxidative
enzymes and the availability of oxygen for their complete oxi-
dation and/or the density of mitochondria in the muscle.
Major fuels stored in the muscle fibers are glycogen, triglyc-
erides and phosphocreatine and the fuels from circulation are
fatty acids and glucose. Because water content of the muscle
cells may change during exercise, the concentrations of
muscle substrates are often expressed as mmoles (or �moles)
per kg dry muscle.

Equine skeletal muscle has a high capacity to store glycogen;
in trained horses, typical values are around 600–650 mmol/kg
dry muscle.66,68,78–80 In human muscle, similar high values are
reached only after successful carbohydrate loading procedures.
The hydrolyzable carbohydrate content of typical feeds for
athletic horses is already high and additional carbohydrate
supplementation only slightly increases muscle glycogen
content.81–83 The content of triglycerides in equine skeletal
muscle is highly variable.83,84 The third form of fuel stored is
phosphocreatine (PCr), a high-energy phosphate. Although the
content of PCr is enough to support ATP production for a 
few seconds only, it is important both in the beginning and at
the end of maximal effort.

The main energy stores outside the muscle tissue are adipose
tissue for lipids and liver for glucose, the latter derived from
hepatic glycogenolysis and gluconeogenesis. During exercise, an
increase in epinephrine concentration contributes to the mobi-
lization of these energy stores. Glucose is released from liver,
through the action of glucose–6-phosphatase, and lipids from
adipose tissue enter circulation as non-esterified fatty acids
(NEFA). Additional glucose may be produced in the liver from
glycerol that is a byproduct of lipolysis as well as lactate and
alanine formed in the muscle (Fig. 34.5).

The release of nutrients from the gastrointestinal tract
depends on pre-exercise feeding regimens (see below). In
general, equine diets are rich in carbohydrates (e.g. hemi-
cellulose) that are not degraded by salivary and pancreatic
amylase, but rather are subjected to bacterial fermentation in
the cecum and colon. Short-chain (or volatile) fatty acids,
mainly acetate, propionate and butyrate, are produced via
this process. It has been shown that, at rest, acetate may
provide approximately 30% of the energy utilized by the
hindlimb,85 while propionate is used mainly for gluconeo-
genesis.86,87 The direct contribution of these substrates to
energy use during exercise is not known.

Major metabolic pathways
for energy transduction

ATP for muscle contraction may be produced by aerobic and
anaerobic pathways. It has to be kept in mind that ATP is not
a storage form of energy. Rather, it is the ‘metabolic currency’
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and other hormones. Fatty acids (NEFA) are released from
triglycerides (TG) in adipose tissue and transported by
circulation to the working muscles. Muscle glycogen is the
body’s main store of carbohydrates, but additional glucose
from liver glycogen and gluconeogenesis is provided via
circulation.



for cellular processes such as muscle contraction and because
cellular stores are small, the rate of ATP synthesis must keep
pace with utilization.

Equine skeletal muscle has a high oxidative capacity and,
in trained horses, all type I and type IIA fibers are rich in
mitochondria and the activities of oxidative enzymes such as
citrate synthase (CS) and 3-hydroxyacyl-CoA dehydrogenase
(HAD) are high.88–91 Both carbohydrates and fatty acids can
be used as substrates for aerobic energy transduction, the
proportion of which varies with the intensity of exercise.
During a 400 m Quarter Horse race, about 40% of energy is
derived from aerobic metabolism, while aerobic metabolism
accounts for 70–80% of the energy used by Thoroughbreds
and Standardbreds in races of 1600–2100 m.92 During
endurance events, nearly all energy metabolism is aerobic.92

At rest, when the plasma concentration of fatty acids is low,
blood glucose may account for about 80% of oxygen consumed
by the hindlimb.85 The capacity of aerobic metabolism is limited
by oxygen delivery or the capacity of muscle fibers to use
oxygen. The main anaerobic pathway of energy metabo-
lism is glycolysis for which glucose is either derived from 
blood or from the glycogen stored in muscle. Although the yield
of ATP per one mole of glucose degraded is only 2–3 moles,
muscle has a high glycolytic capacity. On the basis of glycolytic
enzyme activities measured in equine79,90,93 and human23

skeletal muscle, the capacity for anaerobic energy transduction
is well in excess of the maximal rate of energy consumption.
The disadvantage of this mechanism is the excessive production
of lactic acid which eventually will lead to fatigue (Fig. 34.6).

Mechanisms of fatigue

Both high- and low-intensity exercise eventually result in
fatigue, but the mechanisms are completely different: the
accumulation of lactic acid and other metabolic byproducts
during intense exercise versus substrate depletion (fuel short-
age) during longer duration exercise at low or moderate inten-

sity. After high-intensity exercise, lactic acid concentra-
tions in muscle range from 100 to 200 mmol/kg dry
muscle.10–12,19,22,94 The accompanying increase in proton con-
centration results in a marked decrease in muscle pH, with
values as low as 6.5–6.3 measured in horses following intense,
fatiguing exercise.19,95 The decrease in pH may be the single
most important factor in the development of fatigue during
intense exercise. Low pH disturbs calcium release and especially
calcium uptake by the sarcoplasmic reticulum, and thus 
the relaxation phase of muscle contraction cycle is slowed. ATP
synthesis is also compromised because the key regulatory
enzyme of glycolysis, phosphofructokinase, is inhibited by pro-
tons. Furthermore, acidification changes the structure of myo-
sin heads such that the efficiency of ATP binding decreases.96

The means to prevent intramuscular acidosis include
buffers, the most important of which are proteins, the bicar-
bonate system, phosphate and carnosine.96,97 Although
buffering capacity of equine muscle is higher than in other
species, it is still not enough to prevent acidosis.9,98 The
second mechanism for regulation of cell pH is the transport of
protons out of the cell.99,100 Only the acid form, lactic acid, is
able to diffuse through cell membranes; both protons and
lactate anions require a transporter for transmembrane
movement. In skeletal muscle, there are two carriers that
may facilitate the efflux of protons: the Na+/H+ exchange
protein and monocarboxylate transporters.99,100 During
Na+/H+ exchange, one Na+ is transported into the cell and
simultaneously one H+ is carried out from the cell. There are
no studies on the activity of Na+/H+ exchange in equine
muscle, but in human muscle this carrier plays a minor role
and monocarboxylate transporters (MCT), which simultane-
ously transport one proton together with one lactate anion,
are responsible for most proton efflux.99,100 Several isoforms
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of MCTs have been characterized, but only two or three are
expressed in skeletal muscle. The main isoforms in muscle are
MCT1 and MCT4 and, in some species, MCT2 is also
expressed.101–103 MCT1 and MCT4 have also been found in
equine skeletal muscle (Koho N, Hyyppä S, Pösö AR, unpub-
lished observation). In human athletes, MCT1, which is the
main lactate carrier in oxidative muscles, is upregulated by exer-
cise. On the other hand, the content of MCT4, which is the dom-
inant isoform in glycolytic fibers, increases only with
high-intensity training.105,106 In human subjects, the endur-
ance training-associated decrease in muscle lactate accumula-
tion during exercise is associated with an increase in skeletal
muscle MCT content,107 demonstrating the importance of
MCTs for the regulation of intramuscular pH (Fig. 34.7).

During high-intensity exercise acidification may be the
main reason for fatigue, but a reduction in energy stores may
be another contributing factor. After maximal exercise (e.g.
trotting races), some muscle fibers appear to be completely
devoid of glycogen and studies of single fibers demonstrate
marked ATP depletion.66,68,70,71 In rats, there is a linear rela-
tionship between ATP degradation in skeletal muscle and the
development of fatigue during high-intensity exercise108 and
depletion of ATP during maximal tests suggests that a similar
relationship may also exist in horses.11,109

During endurance exercise, the intensity is usually low to
moderate and there is no marked accumulation of lactic
acid.67,79,110,111 Therefore, acidification is not a major cause
of fatigue. From a metabolic viewpoint, the major contribut-
ing factor to the development of fatigue is a shortage of fuel,
especially depletion of glycogen stores,79,83 as demonstrated
by a correlation between the extent of glycogen depletion and
the duration of exercise.112 Low blood glucose concentration
also may contribute as it limits the glucose availability to the
central nervous system. In addition, central fatigue may be
due to increased formation of serotonin in the central
nervous system.113

During endurance exercise, factors not related to substrate
supply may be more important in the development of fatigue.
These include the loss of electrolytes in sweat which may
disturb the neuronal control of muscle contractions, loss of
water in sweat that may hamper oxygen and substrate supply
via the circulation, and hyperthermia.

Responses and mechanisms

Responses in metabolite 
concentrations in plasma

During exercise, the major hormonal change in blood is an
increase in the concentrations of norepinephrine and epi-
nephrine that, in addition to their effects on the cardio-
vascular and respiratory systems, induce metabolic changes
in muscle, liver and adipose tissue. The increase in cate-
cholamine concentrations occurs at the onset of exercise and
is proportional to exercise intensity. In horses during

maximal effort, the responses are several fold greater than in
humans.25,114,115 Other hormonal changes with metabolic
implications include a decrease in insulin and increases in
cortisol and glucagon.54,111,116–118

Due to the above-mentioned hormonal changes, concen-
trations of metabolic fuels such as NEFA and glucose are
increased in circulation. NEFA is released from the adipose
tissue together with glycerol. It has been suggested that of
these two, glycerol is a more reliable indicator of lipoly-
sis.119,120 The background to this suggestion lies in the fact
that muscle tissue, which accounts for about 40% of the body-
weight, is the main user of NEFA and thus even small changes
in the oxidation of fatty acids in the muscle will greatly
influence the concentration of NEFA in plasma. On the other
hand, the concentration of glycerol is not influenced by
changes in muscle metabolism as it is mainly utilized by the
liver. This is demonstrated by studies in which NEFA and glyc-
erol concentrations have been measured in tests where the
intensity of exercise varies. The results show that NEFA con-
centration decreases significantly during intense exercise,
while glycerol concentration increases steadily.80,120,121

Especially during low-to-moderate intensity exercise, there is a
progressive increase in lipid oxidation with increasing exercise
duration.82,122 Horses differ from other athletic animals in
that there is an increase in the circulating triglycerides (TG)
during exercise.121 TG are released from the liver as very low
density lipoproteins (VLDL),121 and may have been synthe-
sized in response to increased delivery of NEFA to the liver.
Lipoprotein lipase located on the outer side of the endothelial
membranes in muscle capillaries will release fatty acids from
circulating VLDL-TG for oxidation in muscles.

Changes in blood glucose concentration depend on the
type of exercise. Plasma glucose concentration tends to
decrease during prolonged exercise (> 3 hours), but during
short, intense exercise both decreases and increases have
been recorded,67,118,120,123,124 depending on exercise inten-
sity and training and feeding status of the horse. The regula-
tion of blood glucose during exercise is complex, but changes
in prevailing hormone  concentrations are important. The
exercise-associated increase in hepatic glucose output is
mainly mediated via a decrease in the insulin:glucagon 
ratio, whereas the rate of uptake and utilization in exer-
cising muscle is restrained by increases in circulating
epinephrine.56

As discussed earlier, lactate is the end-product of anaero-
bic metabolism and lactate concentrations in blood increase
during high-intensity exercise. Lactate concentrations after
different types of competitions and exercise tests are shown in
Table 34.1. Usually, the highest lactate concentrations are
seen 2–10 minutes after exercise. In equine blood, a
significant amount of lactate may be in RBC; uptake is rapid
and depends on the activity of MCT on the RBC membrane.48

As a result of ATP degradation during high-intensity exer-
cise, breakdown products of purine nucleotides such as
ammonia, hypoxanthine, uric acid and allantoin appear 
in blood.14,22,109,127,134 In horses, the predominant end-
products of purine catabolism are uric acid and allantoin.
The time to peak concentration varies individually and peak
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concentrations are reached as late as 30 min after exer-
cise.134,135 Marked accumulation of uric acid, allantoin and
ammonia is seen mainly after intense exercise and the break-
down of adenine nucleotides is probably triggered by accu-
mulation of ADP and the decrease in muscle pH.127,135,136 In
horses, the threshold value for accumulation of these break-
down products is a muscle pH of 6.8, which represents a
lactate concentration of 80 mmol/kg dry weight in muscle
and about 12 mmol/L in blood.22,134 It has been suggested
that the peak concentration of uric acid or ammonia is useful
as an indicator of ATP degradation in muscles.135

Changes in muscle

In muscle, the most prominent changes are a decrease in
glycogen content, accumulation of lactic acid and degrada-
tion of ATP and phosphocreatine (PCr). Glycogen, which is
stored as macro- and proglycogen molecules, is the target for
glycogen phosphorylase that is activated by muscle contrac-
tion and epinephrine. From the molecular weight it can be
calculated that macroglycogen has about 2100 non-reducing
ends from which the release of glucose may begin simultane-
ously.137 Proglycogen, on the other hand, has a much smaller
molecular weight and the number of non-reducing ends in
this type of glycogen is only 64–128 per molecule.137 In
humans, proglycogen appears to be more readily available for
degradation and in the early phases of exercise, especially
when exercise intensity is low to moderate, glycogen break-
down occurs from proglycogen molecules only.138,139 In
horses during an endurance race, macroglycogen is utilized
to a greater extent than proglycogen.140 Breakdown of
macroglycogen is activated only at high-intensity exercise in
humans,138 but in horses during intense exercise both pro-
and macroglycogen seem to contribute equally to glycogenol-
ysis.141 Although the physiological roles and regulation of
macro- and proglycogen metabolism are far from clear, sub-
cellular location and the density of branches in the outer tiers
of the molecules may be involved.139

As mentioned, during fatiguing high-intensity exercise
muscle glycogen concentration decreases by up to 50%.

Although fatigue during such exercise is often ascribed to
accumulation of lactic acid and depletion of PCr and
ATP,69,109 depletion of glycogen in individual fibers may also
contribute.66,69 After endurance rides a more complete deple-
tion of glycogen is seen and, in some horses, muscle biopsy
samples may be completely devoid of glycogen.67,110

Marked accumulation of lactate in muscle is seen only
when the intensity of exercise exceeds the anaerobic thresh-
old. After a near-maximal exercise test, lactate accumulation
in muscle correlates with the amount of glycogen utilized.142

Accumulation depends also on the oxidative capacity of
muscle,94,142 and thus horses that have a high proportion of
type IIB fibers with low oxidative capacity have higher lactate
concentrations in their muscles after high-intensity exer-
cise.94 In addition, muscle hemodynamics100,143 and the
activity of monocarboxylate transporters107 (i.e. the rate of
lactate efflux) will influence the extent of lactate accumula-
tion in muscle. Muscle lactate concentrations up to
200 mmol/kg dry weight have been measured in equine
muscle.12,22

The changes in muscle TG content with exercise are more
difficult to estimate because interindividual variation, both in
TG content and utilization rate, is high.83,84,142 In middle
gluteal muscle, TGs are stored mainly in type I fibers and type
IIB fibers have the lowest content.79 A decrease in muscle TG
content is more evident in association with endurance-type
exercise,79,82,122 but a decrease also may occur after short,
near-maximal exercise.142

Phosphocreatine (PCr), a high-energy phosphate stored in
muscle, is depleted during high-intensity exercise.21,109,135,144

The synthesis of PCr after exercise is very rapid and thus results
are greatly influenced by the time of sampling in relation to end
of exercise. ATP concentration starts to decline and ADP begins
to accumulate when ATP consumption exceeds the capacity of
ADP rephosphorylation. The myokinase reaction (ADP + ADP
→ ATP + AMP) is activated to keep the concentration of ADP
low. To drive this reaction towards formation of ATP, AMP is
further deaminated to inosine monophosphate (IMP). The accu-
mulation of IMP closely mirrors the loss of ATP.127 This reaction
cascade eventually leads to loss of adenine nucleotides and
fatigue will follow.
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Distance/time Blood lactate Plasma References
(mmol/L) lactate 

(mmol/L)

Endurance races 80–100 km 1.6 ± 0.1 0.50 ± 0.2 111,116,126
Standardbred races (trotting) 2100 m 21.6 ± 0.9 24.5 ± 0.7 13,91
Standardbred races (pacing) 1760–2160 m 20.9 ± 4.1 130
Thoroughbred races 1100–3800 m 29.6 ± 4.7 33 ± 1.9 47,126–129
Three-day event, cross-country 6200 m 19.1 ± 4.2 126,131
Showjumping 9.0 ± 0.9 132
Polo 9.2 ± 1.2 125
Donkey after exercise 10 ± 1.4 133

Table 34.1 Maximal lactate concentrations after exercise (values are means ± standard error of the
mean)



Partitioning of energy supply at different
workloads

The relative contribution of different substrates (i.e. carbohy-
drate, fat, protein) to fuel metabolism during exercise is deter-
mined by a number of factors, including the intensity and
duration of exercise, muscle composition (i.e. fiber types),
training status, diet and the type of food consumed before
exercise (the effects of habitual diet and pre-exercise feeding
on metabolic response are further discussed below). At rest
when energy transduction is fully aerobic, muscle may use
volatile fatty acids, lipids and carbohydrates. Equine diets are
usually low in lipids and plasma NEFA concentration is also
low at rest. Thus, during periods of inactivity the utilization of
lipids for energy may be limited by their low concentration.
The main energy sources are acetate, which is formed by bac-
terial fermentation in the colon and cecum, and glucose.85

Contemporary metabolic studies in horses have utilized
stable isotope tracer methodology in combination with indi-
rect calorimetry (O2 uptake measurements and respiratory
exchange ratio) for calculation of substrate oxidation rates
during exercise at different intensities.54–56,59,59 Figure 34.8
depicts the estimated relative contributions of lipid, plasma
glucose and muscle glycogen to energy expenditure in horses
during exercise at 30% and 60% of V̇O2max. During the early
phases of moderate-intensity exercise (35–55% V̇O2max), use
of carbohydrate (plasma glucose, muscle glycogen) predomi-
nates145 but if exercise is continued for longer periods there is
increased utilization of fats as indicated by a progressive
decrease in the respiratory exchange ratio.54,82,122 However,
the utilization of plasma glucose and muscle glycogen con-
tinues, and is reflected by lowered blood glucose concen-
trations and depletion of muscle glycogen after endurance
exercise.67,79,110,111

The main energy source at maximal performance is
muscle glycogen. This is directly demonstrated in studies
which show diminished anaerobic power in horses that
perform high-intensity exercise after glycogen depletion.146

Lipids are also used during intense exercise as demonstrated
by decreases in NEFA concentrations during intense exercise
bouts.80,120,121

Effects of ambient temperature

Exercise causes a decrease in plasma volume28 and if exercise
is undertaken in high temperature and humidity, high rates
of sweat fluid loss will exacerbate the reduction in plasma
volume.35 In extreme conditions, sweating rate may be
10–15 L/h147 and during the cross-country phase of a 
three-day event a horse may lose 2–4% of bodyweight, while
a 10% loss of bodyweight may be incurred during endurance
rides.147,148 If the horse is unacclimatized, exercise in hot,
humid conditions will decrease maximum oxygen uptake and
increase lactate production, i.e. the primary change being a
decrease in aerobic capacity with increased reliance on
anaerobic metabolism.149

The opposite, exercise in cold, dry conditions (–25°C), does
not change indices of aerobic capacity. However, respiratory
rate is lower during exercise in cold when compared to ther-
moneutral ambient conditions.150 Resting metabolic rate
may increase by 70% from the values at thermoneutrality in
cold-stressed horses.151

Effects of warm-up

The purpose of a warm-up is to adjust the body to transition
from rest to exercise and thereby gain the dual benefits of
enhanced performance and reduced risk of injury by a
gradual increase in exercise intensity. An active warm-up
increases body and muscle temperature by about 1°C as a
result of the heat generated during muscular activity. Warm-
up improves tissue oxygenation, because epinephrine and
norepinephrine released during warm-up increase respira-
tory rate, tidal volume and heart rate, cause the spleen to
contract and release stored RBC into the circulation, and
increase blood flow to skeletal muscles. Catecholamines also
activate glycogenolysis and lipolysis and thus increase the
supply of energy fuels to the muscle, while elevated tempera-
ture decreases the activation energy of metabolic reactions. A
higher temperature also increases elasticity of muscles,
tendons and ligaments, which may reduce the risk of injury
and allow for full range of motion in the joints.

Two equine studies have demonstrated that a brief period
(5–10 min) of warm-up exercise, completed 5 min before the
start of treadmill exercise at 115–120% of V̇O2max, results in
a significant acceleration in V̇O2 kinetics, i.e. the rate of rise in
V̇O2 after exercise onset.152,153 This change in oxygen uptake
kinetics enhances the ability of muscle to work aerobically
and reduces lactate accumulation during high-intensity
exercise.152–154 In one study, both a low- and a high-intensity
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The estimated relative contributions of lipid, plasma glucose
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warm-up resulted in a significant increase in the run time to
fatigue during intense treadmill exercise when compared to
exercise undertaken without prior warm-up154 (Fig. 34.9)

The ideal duration and intensity of warm-up exercise is
not known and likely depends on the nature of the subse-
quent exercise task and the prevailing ambient conditions.
On the one hand, if the warm-up period is too brief to allow
time for the rise in body temperature the desired effect is not
gained, whereas if exercise intensity during warm-up is too
high significant lactate accumulation will be present at the
onset of performance exercise. The studies by Tyler et al152

and Geor et al153 demonstrated that even a low-intensity
warm-up (5 min of trotting exercise) is beneficial in terms of
an enhancement in aerobic energy metabolism during subse-
quent galloping exercise. The benefits of warm-up are likely
diminished if the rest period between warm-up and perform-
ance is extended so that the horse cools down.
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Economy of locomotion

Stride length and stride frequency are the main determinants
of running speed. Net energy cost, which is expressed as mL
O2 consumed over distance covered, varies minimally over a
great variety of speeds because as speed increases horses
change gait (walk, trot, canter, gallop) to an energetically
more efficient one. Within a given gait, energy cost changes
with increasing speed along a U-shaped curve which overlaps
with the respective curve for the adjacent gait.155,156 The
change in gait occurs at the crossover point where net energy
cost is the same for the two gaits, e.g. walk and trot or trot and
gallop. This relationship has been described in detail by Hoyt
& Taylor (see Fig. 34.12).155 When allowed to choose gaits,
the horse has a tendency to voluntarily utilize a relatively
narrow set of speeds around the nadir of the energy cost
curve. Possible explanations for this behavior include mini-
mizing musculoskeletal stresses and maximizing metabolic
economy.157 Locomotion pattern also depends on other
factors, the most important of these being muscle composi-
tion.158,159 These factors may have performance implications,
especially in Standardbred events (trotting or pacing) where
the horse is forced to maintain a certain gait for an extended
period of time and at speeds that are not energetically optimal
for the gait in question (Fig. 34.10).

Differences between breeds

Thoroughbreds have higher maximum oxygen uptake than
other breeds (Table 34.2) and thus their aerobic capacity is
also higher than in other breeds. Another basis for differences
in metabolic responses is muscle fiber composition. In faster
breeds, such as Thoroughbreds, the percentage of type I fibers
in locomotor muscles is lower than in Standardbreds, which
again have lower percentages of type I fibers than horses used
for endurance events, such as Arabs.160 The breeds with a
high percentage of type I fibers are more suited for aerobic,
long-lasting work while horses with a high percentage of
type II fibers are best suited for exercise in which high-
intensity bursts are needed. Within a single breed, the varia-
tion in the slow-twitch:fast-twitch (type I:type II) ratio is less
marked than between breeds, and training-induced differ-
ences are mainly seen in the type IIA:type IIB ratio. Exact
comparisons are, however, difficult because horses from dif-
ferent breeds are used for different purposes and they hardly
ever perform comparable exercises. This is evident when

maximal lactate concentrations after different events are com-
pared (see Table 34.1). For faster breeds, it is possible to compare
the metabolic effects of races (e.g. Thoroughbred or Standard-
bred racing) that may be considered as maximal effort,
although differences in gait complicate these comparisons.

Metabolism during recovery
from exercise

Lactate removal

After cessation of exercise, the rate of oxygen consumption
remains elevated167 and blood lactate concentration con-
tinues to increase, with peak concentrations attained
2–10 min post exercise. Lactate is an excellent energy source
because it contains more than 90% of the energy in glucose.
During exercise the main tissues that use lactate are the liver,
which converts lactate back to glucose, and the heart in
which lactate is used directly for energy. There also may be
some utilization of lactate by type I muscle fibers. However,
during recovery the major consumer of lactate is, due to its
large mass, skeletal muscle with oxidation of lactate by all
fiber types.168

The rate of lactate removal from blood depends on the
metabolic state. At rest the need for energy is low, but even
light exercise increases the oxygen consumption of muscles
and thereby the oxidation of lactic acid.168–170 Following
high-speed treadmill exercise, the half-life of lactate is
decreased by 50% in horses that exercise lightly in com-
parison to those that remain stationary.169 The rate of lactate
disappearance is independent of concentration which implies
that the rate-limiting step in the process is saturable169

(Fig. 34.11).

Glycogen synthesis

Recovery from exercise is metabolically characterized by
resynthesis of energy stores depleted during exercise, espe-
cially that of glycogen. In horses, recovery of glycogen is
typically slow; during the first 24 hours practically no reple-
tion occurs and full recovery after exhausting exercise may
take up to 3 days.78,80,110,112 In horses, glycogen resynthesis
appears to start in type IIB fibers,112 and among the two
glycogen forms, synthesis of proglycogen is favored during
the early phase of recovery in both humans and horses.141,171

In human athletes, consumption of a high carbohydrate diet
enhances the rate of glycogen resynthesis, but similar abrupt
changes in feed, especially the addition of soluble car-
bohydrates, are not practical in the horse because they may
cause gastrointestinal dysfunction or even laminitis. The 
only means that has so far been found to enhance the 
rate of muscle glycogen synthesis is the intravenous 
administration of large doses of glucose (6 g/kg over 
12 hours).146,172
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Breed V̇O
2max

(mL/kg/min) References

Thoroughbred 133 ± 10, 135.8 ± 5.9; 154 ± 3 161–163
Standardbred 143.9 ± 10.7, 151 ± 2; 164.9 ± 4.3 164–166
Arab 129 ± 2.5 163
Pony 107.8 ± 12.8 166
Donkey 110 ± 2 133

Table 34.2 Maximum oxygen uptake (V̇O
2max

) in different breeds
(values are means ± standard error of the mean)



The reasons for the slow rate of glycogen synthesis in the
horse are not known, but in general the hormonal status
immediately after exercise does not favor anabolic processes,
such as the resynthesis of glycogen. During exercise, the con-
centration of insulin is reduced.117,118 As insulin contributes
to the activation of glycogen synthase as well as the transport
of glucose into muscle by the insulin-activated glucose trans-
porter (GLUT-4), low insulin status during the postexercise

period does not favor glycogen resynthesis. Another possible
factor may be a shortage of fuel during recovery. Skeletal
muscle has to maintain its normal functions and only the
available substrate (glucose) in excess of these demands is
available for the resynthesis of glycogen. After exercise, cate-
cholamine concentrations decrease within minutes and con-
sequently lipolysis is inhibited and the plasma concentration
of NEFA decreases to a very low level.80 Therefore, the 
predominant substrate available for muscle will be glucose
(Fig. 34.12).

Metabolic responses to
training

Exercise training affects aerobic and anaerobic capacity 
and thus training effects are seen at both submaximal 
and maximal exercise intensities. Changes in aerobic ca-
pacity reflect increases in maximum oxygen consump-
tion,74,162,166,173,174 blood volume and red cell volume in
young horses,4 capillarization of all fiber types,175 and
increases in the mitochondrial density and activities of oxida-
tive enzymes such as CS and HAD.88,160,176–181 Such increases
in aerobic capacity mean that the trained horse is able to run
faster before the lactate threshold is reached and accumula-
tion of lactate begins when compared to an untrained
animal.142

The primary change in muscle fiber composition is from
IIB/IIX → IIA and further training also may result in an
increase in type I fibers.177,180,182–184 Histochemical analysis
show an increase in type IIA fibers, but recent use of myosin-
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specific antibodies has revealed that after training muscles
contain a high proportion of IIXA fibers.185 The best Standard-
bred trotters have the highest type IIA:IIB fiber ratios and also
the cross-sectional area of type II fibers tends to be smaller when
compared to less well-performing horses.175 In contrast, suc-
cessful endurance horses have a high percentage of type I fibers
with a large cross-sectional area.186 Very intense training has
been reported to increase the cross-sectional area of type II
fibers.187 The most important changes that describe training
effects in skeletal muscle are increases in type I fiber area and
capillarization, particularly the number of capillaries in contact
with type I and type IIA fibers, and an increase in the oxidative
capacity of type IIB fibers.188,189 Some studies have also demon-
strated an increase in muscle glycogen and triglyceride content
after endurance training.184

Because of increased oxidative capacity, less glycogen is
used and respiratory exchange ratio decreases during both
high-190 and moderate-intensity57 exercise. Also due to high
aerobic capacity, lactate accumulation in plasma at a given
submaximal work level is lower.91, Studies in humans also
demonstrate that the exercise-induced increase in muscle
lactate concentration is mitigated by training107 due to
increased lactate efflux out of the muscle and a training-
associated increase in plasma volume.

The changes in anaerobic capacity are more difficult to
measure, but an increase in maximal accumulated oxygen
deficit (MAOD) and lower accumulation of lactate in skeletal
muscle were found in trained horses after a maximal sprint to
fatigue, providing indication of an increase in anaerobic
capacity with training.162 These changes were accompanied
by a significant increase in run time to fatigue during sprint-
ing. The effects of training on blood lactate concentrations
after maximal effort are controversial. Some studies show no
differences162 while others show significantly higher lactate
concentrations after training.91,120 As previously mentioned,
studies in human athletes have demonstrated that training
increases the quantity of MCTs on muscle membranes.105,106

This increase in muscle MCT could contribute to higher blood
lactate concentrations after training. Another factor that
could modify blood lactate concentrations after training is an
increase in muscle buffering capacity. Studies in horses have
reported both an increase and no change in muscle buffering
capacity with training.162,176,191

Training intensity and duration

Significant training effects are apparent even when the inten-
sity of training exercise is low or moderate, but these changes
mainly reflect an increase in aerobic capacity and reactions
related to aerobic metabolism. Decreases in the rate of
glycogenolysis, increases in oxidative enzymes and increases
in oxygen extraction by tissues are evident after as little as 2
weeks of training,173,174 sometimes even before any measur-
able changes in indices of muscle oxidative capacity can be
detected.190 In general, most of the training-induced increase
in aerobic capacity occurs during the initial 6-week period of
training.165 However, further increments in V̇O2max occur if a

training stimulus is maintained.165 The study by Hinchcliff et
al,162 however, clearly shows that high-intensity training is
necessary for improvements in anaerobic capacity. It is possi-
ble that intense exercise is also necessary for maximum
improvements in aerobic capacity because adaptive changes
in aerobic processes appear to require hypoxia as an inducer
of gene activity, e.g. the induction of erythropoiesis, capillary
growth and the synthesis of glycolytic enzymes appear to be
regulated by hypoxia.192

Detraining

Most of the changes in metabolism require synthesis of new
proteins and thus require days or weeks to develop; these
adaptations also persist for several weeks after the cessation
of regular physical activity (detraining).193,194 In general,
adaptive training responses in skeletal muscle persist for 5–6
weeks after the cessation of regular physical activity.180,184

Similarly, there is minimal change in maximum oxygen
uptake after 2–4 months of detraining.165,194 However, in the
study by Butler et al,194 lactate accumulation during intense
exercise was higher after a 15-week period of detraining,
indicating a decrease in aerobic capacity. The fiber type
changes during detraining occur in reverse order to the
changes during training.180,184

Effects of diet on metabolic
responses

The chemical energy (i.e. ATP) required for muscle contraction
is ultimately provided in the diet. Therefore, inasmuch as diet
can influence the storage of glycogen and TG in muscle, there is
an obvious relationship between dietary intake and skeletal
muscle exercise metabolism. Indeed, studies in human athletes
have unequivocally demonstrated that a high-CHO, low-fat diet
will result in higher muscle glycogen concentration when com-
pared to a more conventional, lower CHO diet.195 Furthermore,
there is a direct relationship between initial muscle glycogen
stores and performance during moderate intensity (50–80% of
V̇O2max) endurance exercise in humans.196 Thus, for human
athletes, dietary strategies that boost muscle glycogen stores
enhance exercise performance. Conversely, a low-CHO, high-fat
diet impairs endurance exercise performance, in part due to
lower initial muscle glycogen concentrations.

Although there has been extensive study of the metabolic
responses to exercise in horses, relatively few studies have
examined the effects of diet composition on substrate metab-
olism and exercise performance. Traditionally, the high
energy requirements of athletic horses have been met by diets
high in hydrolyzable CHO (i.e. grains). In the past decade,
however, there has been increased emphasis on use of alter-
native energy sources, such as fat and beet pulp, in equine
rations and some data are available regarding the effects of
such diets on the metabolic response to exercise.
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High carbohydrate diets

As mentioned, only a modest increase in the glycogen content
of muscle has been observed in horses fed diets rich in
hydrolyzable CHO.81–83 For example, Essén-Gustavsson et al83

reported a 12% increase in the resting muscle glycogen
content of Standardbred horses fed a diet containing approx-
imately 2 kg of starch and sugar when compared to an
isocaloric diet that provided about 1.3 kg hydrolyzable CHO
per day. However, no beneficial effect on performance has
been shown in horses after CHO-rich diets.81–83 On the con-
trary, higher HR and blood lactate accumulation is observed
during intense exercise in horses fed CHO-rich diets.81,82 The
underlying mechanisms of these responses are unknown but
may be related to alterations in sympathetic outflow and cir-
culating catecholamine concentrations. Interestingly,
Jansson et al197 reported higher HR during submaximal exer-
cise in horses fed 1.5 kg of barley sugar per day when com-
pared to an oat-based diet, suggesting that the form of CHO
also may influence the HR response during exercise. There is
also evidence that diets comparatively high in starch and
sugar increase HR and excitability of horses at rest.198

Fat-supplemented diets

The inclusion of fat (as vegetable oil) in diets for athletic
horses is now widespread and it is common for horses to
receive up to 20% of total daily digestible energy (DE) from
fat. However, the effects of dietary fat supplementation in
horses on exercise metabolism and performance are some-
what controversial, in part because of the wide variability in
the design and results of studies examining various physio-
logical responses to dietary fat.

Fat supplementation in horses is characterized by an
increase in plasma phospholipids and cholesterol and a
decrease in plasma TGs.199,200 Changes in the activities of
lipoprotein lipase and the enzymes of β-oxidation also
suggest that horses adapted to a fat-supplemented diet have
increased capacity for the uptake and oxidation of fatty acids
in muscle. Indeed, some recent studies have shown lower res-
piratory exchange ratio in fat-adapted horses during low and
moderate-intensity exercise.59,201 Pagan et al59 also reported
a decrease in glucose flux during low-intensity exercise in
horses adapted to a diet providing 25% of DE from corn oil.
Thus, fat supplementation enhances lipid oxidation and
spares the use of endogenous CHO (plasma glucose, muscle
glycogen) during moderate exercise. Theoretically, such a
glycogen-sparing effect could improve exercise performance.
However, the actual effects of fat supplementation on
endurance exercise performance have not been reported.

The minimum (or optimum) level of dietary fat necessary
for expression of these metabolic adaptations has not been
established. Most studies have fed diets containing 3–12% fat
(total diet on a dry matter basis) and in one study a
dose–response relationship was detected between fat intake
(3.0–10.8% fat) and heparin-released plasma lipoprotein
lipase activity.202

The length of time required for metabolic adaptation to
dietary fat is a somewhat contentious issue. Some nutritionists
believe that a minimum of 10–12 weeks is required for adapta-
tion.217 However, metabolic adaptations to fat supplementation
have been observed as early as 3–5 weeks after the start of sup-
plementation.59,199 Thus, whereas a 2–3 month period may be
required for complete adaptation to a fat-supplemented diet,
some of the metabolic responses are evident much earlier. In
one study, the metabolic responses to fat supplementation were
abolished within 5 weeks of withdrawal of the oil-supplemented
diet.199 Thus, the putative benefits of fat-supplemented diets in
horses are dependent on continued use of such rations.

There is some evidence that fat supplementation also
improves the performance of horses undertaking higher inten-
sity exercise (e.g. race horses). Harkins et al203 reported
improved racetrack performance in Thoroughbreds fed a fat-
supplemented diet and attributed this improvement to increased
muscle glycogen content and glycogen utilization rate during
exercise. Furthermore, Eaton et al204 reported that a fat-
supplemented diet resulted in a small but statistically significant
increase in run time to fatigue and MAOD in horses under-
taking treadmill exercise at an intensity equivalent to 120% of
V̇O2max. However, in this study there was no correspond-
ing change in resting muscle glycogen content or glycogen
utilization rate during exercise. The mechanism for enhance-
ment of high-intensity exercise performance with fat supple-
mentation is unclear, although increased activation of
glycolysis and glycogenolysis is a possibility, the data of Eaton
and colleagues204 notwithstanding.

Fat-supplemented diets for horses have lower hydrolyzable
CHO (starch and sugar) content when compared to grain-
based rations. These diets therefore provide less substrate
(glucose) for muscle glycogen synthesis. However, although a
drastic reduction in the soluble CHO content of the diet 
(< 10% of DE from starch and sugar) is associated with
marked reductions in muscle glycogen content,81 it appears
that muscle glycogen content is largely unchanged when
horses are fed diets containing moderate amounts of fat (up
to 7.5% of total dry matter or 20% of DE).84,198 However, in
horses not adapted to a fat-supplemented diet, consumption
of meals containing 7.5% fat (rapeseed oil) slows the rate of
muscle glycogen replenishment.84

Sugar beet pulp

Non-starch carbohydrate feeds, such as sugar beet pulp (SBP)
and soya hulls, are now commonly added to diets for athletic
horses. The carbohydrate fraction of these feeds is devoid of
starch, but rich in non-starch polysaccharides (fiber). SBP con-
tains major fractions of pectins, arabinans and galactans that
are extensively fermented in the hindgut.205 Up to 3.0 g SBP per
kg bodyweight have been fed to adult horses without any
adverse effects on overall nutrient utilization or performance.206

Replacing oats with plain SBP will reduce the glycemic and
insulinemic responses to a meal.206 However, when oats were
replaced by molassed SBP there was no appreciable change in
glycemic response although the postprandial increase in
insulin was mitigated.207
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Replacing oats with SBP also mitigates the rate of muscle
glycogenolysis and the increases in muscle and plasma lactate in
Standardbred trotters performing a treadmill exercise test that
simulated a race.207 Similarly, replacing oats with barley sugar
resulted in a significant reduction in muscle glycogen utilization
during intense exercise.197 Therefore, a reduction in dietary
starch, with replacement by SBP or barley sugar, modifies the
muscle glycogenolytic response to high-intensity exercise. The
mechanism of this apparent glycogen-sparing effect when oat
starch is replaced by barley sugar or SBP is not known.
Potentially, an increase in sugar intake results in enhanced use
of plasma glucose for energy with a concomitant decrease in
energy transduction from muscle glycogen.

Dietary protein

Studies in humans and in dogs have indicated that protein is
an unimportant substrate during exercise, although under
some circumstances amino acid oxidation may account for
up to 5–10% of energy expenditure.195 The contribution of
protein to energy expenditure in horses during exercise is
unknown, but it has generally been assumed that carbohy-
drate and fat oxidation predominate. On the other hand, the
effects of dietary protein level on exercise metabolism and
performance have received some attention. In one study of
racetrack feeding practices, there was an inverse correlation
between dietary protein level and race performance; for every
1 kg of crude protein (CP) ingested over recommended levels,
there was a 1–3 s increase in race time.208 However, these
conclusions are questionable as the statistical analysis of the
data was inappropriate. Subsequent laboratory investigations
comparing metabolic responses in horses fed moderate 
(~10% CP; recommended levels) versus high (~18% CP)
protein diets have yielded equivocal results. Miller et al209 and
Pagan et al82 reported attenuated blood lactate accumulation
during exercise in horses fed a high-protein diet. However, a
subsequent study by Miller-Graber and colleagues210 did not
detect an effect of dietary protein level on lactate accumula-
tion or muscle glycogenolysis during exercise.

More recently, Graham-Thiers and colleagues211 have evalu-
ated the effects of a restricted protein diet (7.5% CP with added
lysine and threonine) on acid–base responses in horses sub-
jected to repeated bouts of high-intensity exercise. When com-
pared to a 14.5% CP diet, the restricted protein diet mitigated
exercise-associated acidemia. However, quantitatively the ef-
fects were very small and the physiological significance remains
to be determined (for further discussion, see Chapter 39).

Effects of pre-exercise
feeding

The timing and composition of a meal consumed before exer-
cise can influence metabolic response. Most notably, the
hyperglycemia and insulinemia associated with the digestion

and absorption of grain meals affect the mix of substrates
utilized during a bout of exercise. Insulin is a potent inhibitor
of lipolysis and fatty acid oxidation in skeletal muscle and also
promotes glucose uptake into muscle via recruitment of the
transporter protein GLUT-4 to the sarcolemma. Thus, hyper-
insulinemia at exercise onset will suppress NEFA availability
and lipid oxidation and increase reliance on carbohydrate
stores (including plasma glucose) for energy transduction.

Accordingly, several equine studies have demonstrated
that a grain meal (1–3 kg of oats, corn or a mixture of the
two) consumed 3 hours or less before exercise results in
hyperglycemia, hyperinsulinemia and decreased plasma
NEFA concentration at the start of exercise, and a subsequent
marked decrease in plasma glucose concentration during the
initial period of exercise.212–215 This decrease in plasma
glucose concentration tends to be short-lived such that
during prolonged moderate-intensity exercise (e.g. 60 min at
50% of V̇O2max), the plasma glucose concentration of grain-
fed horses is not substantially different from horses fasted
before exercise. On the other hand, plasma NEFA remains
lower when compared to the fasted state throughout exercise.
Jose-Cunilleras and colleagues58 utilized isotopic tracer
methods and indirect calorimetry to determine the effects of
hay (alfalfa cubes; ~3 kg) and starch (cracked corn; 1.7 kg)
feeding on glucose flux and substrate oxidation during exer-
cise. The alfalfa cubes were consumed between 2 and 3 hours
before exercise, while the cracked corn was ingested 90 min
pre-exercise. Feeding corn before exercise resulted in
increased utilization of blood-borne glucose and whole-body
carbohydrate oxidation when compared to a meal of alfalfa or
not feeding (Fig. 34.13).

The effects of pre-exercise grain feeding on endurance
exercise performance in horses have not been reported. In
humans, carbohydrate ingestion during exercise unequivo-
cally improves performance during prolonged (more than 
2 hours) moderate-intensity (> 50–60% of V̇O2max) exercise,
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Effects of pre-exercise feeding on the partitioning of energy
expenditure in horses during the 5–30 min period of exercise
at 50% of maximum oxygen uptake. Horses were either fasted
or fed cracked corn or alfalfa cubes 2 hours before exercise.
Grain feeding resulted in a significant increase in the caloric
contribution from oxidation of glucose when compared to
the fast and hay feeding trials. (From Jose-Cunilleras et al.58)



presumably by maintaining glucose supply in skeletal muscle
at a time when glycogen stores are depleted. On the other
hand, the performance effects of pre-exercise glucose feed-
ings in human athletes are more equivocal. For horses per-
forming endurance exercise, the acceleration in carbohydrate
oxidation (and suppression of fat oxidation) associated with
grain feeding may result in premature fatigue as a result of
carbohydrate depletion.

As demonstrated in the study by Jose-Cunilleras et al,58

together with the results of earlier studies by Pagan &
Harris,215 forage meals (< 2–3 kg) consumed 2–3 hours
before exercise have minimal effect on substrate availability
and oxidation during sustained exertion. However, free
choice consumption of hay in the 12–24-hour period before
exercise may adversely affect performance because of an
increase in bodyweight (gut fill). Large meals (hay or grain or
a combination) consumed near the start of exercise also may
result in a decrease in plasma volume as a result of fluid shifts
into the gastrointestinal tract.215 Such reductions in plasma
volume could compromise cardiovascular and thermoregula-
tory function during exercise.

There is some evidence that a short-term reduction in
forage intake is beneficial in horses undertaking high-
intensity exercise. When compared to ad libitum hay con-
sumption, restricting hay intake to ~ 1% of bodyweight for a
3-day period before a treadmill exercise test (2 min at 115%
V̇O2max) resulted in a 2% decrease in bodyweight and a reduc-
tion in anaerobic energy expenditure during exercise, as
evidenced by reduced oxygen deficit and plasma lactate
concentrations. The reduction in bodyweight was attributed
to a reduction in gut fill.216

In summary, small forage meals consumed 2–3 hours before
exercise have minimal effect on substrate metabolism during
exertion. However, meals containing hydrolyzable carbohydrate
(starch and sugar) consumed within 3 hours of the start of
exercise accelerate carbohydrate utilization and decrease lipid
oxidation. Although the performance effects of these feeding
practices are not known, this suppression in lipid oxidation may
be detrimental during endurance exercise (e.g. endurance races;
speed and endurance test of a three-day event).
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associated with convective transport and those associated
with the transduction of potential energy into kinetic
energy.1 Put another way, the response to exercise requires
the transport of oxygen from the atmosphere to the cells in
the working muscles where it is utilized in metabolic path-
ways generating ATPs for fuel utilization.1 In reality, though,
the adjustments to acute exercise require the co-ordination of
several systems including the respiratory, cardiovascular,
muscular, integumentary, renal, hepatic and the various
organs of the digestive tract.1–5 Each tissue or organ called
upon to facilitate movement must function in co-ordination
with others in a variety of classic feedback loops (Fig. 35.1).
Multiple layers of control exist in the body to facilitate work.
The first muscle contractions associated with work will alter
mechanisms of autoregulation causing changes in local
control of the local environment that are sensed peripherally.
Longer work causes system-wide alterations that necessitate
integrated whole-body responses requiring neural and
endocrine mediation.

The most rapid mechanisms used to facilitate a co-
ordinated response to exercise involve an integration of error
signals in the periphery that are communicated via the
nervous system to central command centers where adjust-
ments are made to the respiratory and cardiovascular
systems.3–5 Some have suggested that the rapid adjustments
in cardiopulmonary function at the onset of exercise can be
accomplished primarily via a shift in autonomic tone with a
withdrawal of parasympathetic tone and an increased sym-
pathetic drive.4,5 However, as exercise progresses beyond a
few seconds, more sophisticated mechanisms are called upon
to fine-tune the initial response to the disturbance of exercise.

Fine-tuning of the response to exercise that lasts longer
than a few seconds is reliant on the regulation of several key
variables governing the cardiopulmonary, vascular and
metabolic response to exercise.3–5 Regulation allows the
internal environment to be maintained within relatively
narrow limits so as to enhance optimal cell function. This
type of classic regulation involves a multiple system response
where some variables are controlled so that those most vital
to the defense of the internal environment can be regulated.

Introduction

For the most part the domestic horse spends a good part of its
day either eating or seeking food.1 In feral horses the latter
can involve treks over a wide range.1 However, most horses
spend the majority of their day eating, standing and occa-
sionally exercising.1 Exercise can range from running up and
down the fence line in anticipation of the feed truck to ath-
letic training for a variety of competitive endeavors.1 Under
resting conditions, the horse has a relatively easy job of main-
taining the internal environment. However, whatever the
activity, the performance of work or exercise is a major phys-
iological challenge, a disturbance to homeostasis, that
invokes an integrative response from multiple organ
systems.1 On a gross level there is a pairing of those systems
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This type of integrative response is slower than a neural
response because it requires communication between
systems that relies on the secretion of substances by one
tissue or organ that are transported remotely to other tissues
or organs to evoke a response to the disturbance.3–5

Endocrine system and
hormones

By definition, a hormone is a substance that is produced and
released by one organ or tissue and is transported via the
blood to a remote target organ or tissue where it causes a
physiological response.2,5 Most hormones fall into two major
categories: the steroid hormones and the non-steroid hor-
mones. Steroid hormones include cortisol, aldosterone and
the reproductive hormones testosterone, estrogen and prog-
esterone.2,5 The steroid hormones have a classic ring struc-
ture and are lipid soluble, a characteristic that allows them to
diffuse across cell membranes.2,5 Mechanistically, the steroid

hormones exert their effect through direct gene activation
that occurs after diffusion into the cell (Fig. 35.2).2,5 Once
across the cell membrane, they bind to receptors in either the
cytoplasm or the nucleus.2,5 This complex formed by the
steroid hormone and receptor induces the DNA in the cell to
produce mRNA which, when it enters the cytoplasm, is tran-
scribed, resulting in the production of protein.2,5 This protein
results in the physiologic action of the hormone on cellular
function.2,5

The non-steroid hormones are not lipophylic and thus,
cannot pass through the cell membrane.2,5 These hormones
bind in a lock-and-key fashion to very specific receptors on
the surface of the cell membrane (Fig. 35.3).2,5 The
hormone–receptor complex remains in the membrane, but is
still able to activate the enzyme adenylate cyclase within the
cytoplasm of the cell.2,5 Activation starts a cascade that
results in the active formation of the enzyme cAMP through
the combination of adenylate cyclase and ATP.2,5 The enzyme
cAMP in turn activates specific inactive protein kinases
which cause the conversion of inactive substrates into active
substrates that have the capability to induce changes in cel-
lular form or function.2,5
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Release of most hormones is part of a controlled negative
feedback system that keeps a specific variable within narrow
limits.2,5 The typical negative feedback system is composed of
a variable that has an input or set point that is read or sensed
by an integrator.2,5 For the system to be in a state of balance
or homeostasis, the input and output signals must be the
same. If the input variable is changed by a disturbance, such
as exercise, the integrator senses the mismatch and sends an
error signal, usually via nerves, to the controller. The con-
troller then alters the controlled system via an effector. In
some cases the effector is a nervous signal; however, in some
cases it is a hormone. The effector causes a change in the con-
trolled system, inducing a change in the output that is sensed
by the feedback sensor. The feedback sensor sends a signal to
the integrator that then determines if the input matches the
output of the system.

Physiological variables that are the most critical to normal
function are regulated. Regulation refers to a phenomenon in
which the output of a system remains relatively constant
under many different disturbances. For example, mean arte-
rial pressure, plasma osmolality, blood pH, PCO2 and PO2,
plasma electrolyte (Na,+ K+ and Cl–) concentrations, blood
glucose concentration and body temperature are just a few of
the major variables that are regulated and held within very
narrow limits during exercise. Regulation of each of these
variables is accomplished through a combination of neural
and endocrine mechanisms affecting multiple control strate-
gies. Control is a phenomenon where the output of the system
constantly changes in order to manage a rate of functioning.
In short, some physiological variables are controlled so that
others may be regulated. The more rapid responses used to
maintain homeostasis are usually mediated by neural control
mechanisms with less rapid responses usually mediated by
endocrine mechanisms.

For example, maintenance of systemic mean arterial pres-
sure around a narrow set point is critical to cardiovascular
performance.4 Multiple systems are controlled to insure that
MAP is sufficient to allow perfusion of all the working
muscles as well as obligate tissues during exercise.4 At the
onset of exercise, there is a decrease in total peripheral vas-
cular resistance (TPR) that results from the opening of blood
vessels in the working muscles.4 This allows for the increase
in blood flow to those vascular beds.4 However, there is an
almost simultaneous increase in cardiac output which comes
about through the matching of the input and output signals
sensed by volume and baroreceptors placed at strategic points
in the cardiovascular system.1,4 Matching of the input and
output signals (see Fig. 35.1) by the vasomotor center of the
medulla (the integrator) results in an error signal via the
autonomic nervous system (the controller).1,4 A withdrawal
of vagal tone and an increase in sympathetic drive results in
the local release of norepinephrine (effector) which causes a
rapid increase in heart rate and the force of contraction that
raises cardiac output (the controlled system) enough to
maintain MAP.1,4 As exercise intensity increases the set point
for MAP is increased; thus, higher intensity exercise usually
requires more dramatic responses, including a decrease in

blood flow to non-obligate tissues such as the splanchnic vas-
cular beds.1,4 The initial part of this response is mediated by
neural mechanisms affecting the arteriole in those vascular
beds.1,4 However, higher intensity exercise also requires the
added influence of endocrine effectors such as vasopressin
and angiotensin II to cause sufficient vasoconstriction in
non-obligate tissues to facilitate the rise in MAP needed for
optimal cardiovascular function.1,4 As such, one example of
the role of the endocrine system during exercise can be seen
in the regulation of MAP.1,4 Longer term control of MAP can
be affected by the duration of exercise which results in multi-
ple strategies to control blood volume and defend cardiac
filling pressure, cardiac output and MAP.1,4

Major endocrine glands and
hormones

Pituitary gland

The pituitary is found at the base of the brain and is divided
into three lobes: the anterior, intermediate and posterior.2,5

Hormones of importance during exercise are produced and
released by the anterior and posterior lobes.2,5 The pituitary is
vitally linked to the hypothalamus, an area of the brain with
many very specific neural tracts that act as feedback
sensors.2,5 The hypothalamus also acts as the integrator in
the controlled system, exerting control over the pituitary
through neural and endocrine mechanisms.2,5 The latter
include various releasing hormones and inhibitory hor-
mones and other substances.2,5 The central location of this
hypothalamic-pituitary axis makes it ideal for mediating the
control of a wide variety of functions.2,5

Anterior pituitary hormones

Hormones produced by the anterior lobe of the pituitary
include somatotrophin (growth hormone, GH, ST), thyro-
trophin (thyroid-stimulating hormone or TSH), adren-
ocorticotrophin (ACTH), endorphins (EN), enkephalins,
dynorphins, follicle-stimulating hormone (FSH), luteinizing
hormone (LH) and prolactin.2,5 The first three play an impor-
tant role in growth and development in the young animal
and metabolism in the adult animal. The endorphins,
enkephalins and dynorphins are opiate-like peptide hor-
mones that modulate pain reception and interact with the
neural pathways of the hypothalamic-pituitary axis to
influence releasing and inhibiting hormones.6–8 FSH, LH and
prolactin are considered hormones essential for normal
reproduction and lactation.2,5 New research in species other
than horses has demonstrated that severe or prolonged exer-
tion can alter their release and thus normal reproductive
cycles.2,5 Furthermore, prolactin appears to play an impor-
tant role in the response to severe stress, interacting with
many of the metabolic hormones.2,5
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Somatotrophin (ST) Somatotrophin affects all the cells
in the body, stimulating development and growth in younger
animals. In mature animals it plays a vital role in muscle
metabolism through its effects on protein synthesis and its
role in fat and carbohydrate utilization.2,5 The importance of
somatotrophin in maintenance of normal physiologic func-
tion and its possible role in slowing or possibly even reversing
the effects of aging can be seen in some younger adult
humans, where somatotrophin ‘deficiency’ results in changes
in appearance, decreased lean body mass, decreased immune
function and other ‘sequelae’ of aging.9,10 Amazingly, treat-
ment of these individuals with recombinant human soma-
totrophin results in increased lean body mass, decreased body
fat and increased muscle mass.9,10 Chronic somatotrophin
administration appears to increase strength and the ability to
perform a battery of weight-lifting exercises in aged male
humans.9,10 While there have been no reported effects of ST
on aerobic capacity, the increase in muscle mass and strength
has been shown to benefit the quality of life in humans by
increasing the ability to do daily tasks such as maintaining
balance while walking and climbing stairs.9,10 Those human
experiments served as part of the justification for several
recent studies of the efficacy of recombinant somatotrophin
treatment in preventing or retarding functional decline in
geriatric humans9,10 and in geriatric horses.11–14

Researchers conducting equine studies11–15 have asked
‘quality of life’ questions similar to those posed in experi-
ments using aged humans.9,10 While those studies demon-
strated that equine ST (eST) therapy increases nitrogen
retention and improves appearance in geriatric horses, they
did not demonstrate any effect of chronic eST administration
on bodyweight or the dimensions of several key muscles
measured using ultrasonography.13 Functionally, chronic
eST administration did not alter aerobic capacity or several
commonly used indices of exercise performance, at least not
in unfit aged mares.14 Furthermore, data from unfit geriatric
horses indicated that eST did not alter lactate tolerance or
cause an increase in maximal power that one would associate
with an increase in muscular strength, a logical observation
since there was no evidence of an increase in muscle mass.14

Interestingly, studies of geriatric male humans have shown
that recombinant somatotrophin therapy results in increased
muscle mass and, in some cases, increased strength as meas-
ured in standardized tests performed with weight-lifting
equipment.9,10 However, while ST therapy does appear to
increase strength in humans, there are no data to show that
ST therapy alters maximal aerobic capacity or enhances
endurance performance.9,10

More recent studies of younger horses have demonstrated
that administration of eST prevents some of the bone de-
mineralization that occurs in the first months of intense
training.16 Other studies found that there was minimal or no
therapeutic benefit of administering eST to prevent tendon or
cartilage injuries or to promote wound healing.17–19 Another
report demonstrated that eST does not alter aerobic capacity
or markers of performance in young (~ 2 years) Thorough-
breds.17,18 However, as with the studies of older horses, the
experiments performed on younger animals had no way to

evaluate the effects of eST administration on muscular
strength; thus, data are needed to determine if eST alters
strength and power.
Thyrotrophin (TSH) Release of TSH is stimulated by
thyroid-stimulating hormone releasing hormone (TRH)
which is produced in the hypothalamus.2,5 Studies of
humans and other species have demonstrated that acute
exercise elicits mixed effects on TSH release.20 The release of
TSH appears to be linked to exercise intensity as mild and
moderate exertion do not appear to have an effect on TSH
release. However, there appears to be a threshold for stimu-
lating TSH release, as plasma concentrations of this hormone
increase only when exercise intensity exceeds 50% of V̇O2max
in humans.20 This breakpoint is common to several hor-
monal systems including the observed increases in the cate-
cholamines, ACTH, cortisol, PRA, etc., which may indicate
that there is an interplay in the metabolic response to higher
intensity exercise.20–24 Interestingly, exercise duration
beyond 40 minutes appears to cause an increase in TSH.20

This observed increase during longer steady-state exertion is
similar to the response of other metabolic hormones and may
be related to substrate mobilization and attempts to prevent
the onset of central fatigue mechanisms. In humans,
repeated daily exercise also causes the release of TSH, sug-
gesting the ratcheting up of metabolic function with exercise
training.5,20 Data on the effects of acute exercise and training
on TSH in equine athletes are lacking.
Adrenocorticotrophin (ACTH) As with TSH, the
release of ACTH is stimulated by corticotrophin-releasing
hormone which is secreted by the hypothalamus.2,5 A
number of published papers have demonstrated that exercise
causes an increase in ACTH in the horse; however, most of
these only report postexercise values.20,25–31 The major con-
clusion of most exercise studies has been that both high-
intensity and endurance exercise cause an increase in ACTH
and subsequent increase in cortisol.20 Some researchers have
attempted to characterize this as a stress response; however, if
one looks at the role of cortisol in substrate mobilization and
metabolic control during exertion, then one can see that the
ACTH/cortisol response, if in the normal range, is an appro-
priate response to exertion.20,25–32

A more recent study demonstrated that ACTH increases in
a curvilinear fashion with exercise intensity during con-
trolled incremental exercise performed on a treadmill.24 The
ACTH response appeared to be highly correlated to the cate-
cholamine and lactate responses to incremental exercise, all
of which also increased in a curvilinear fashion.24 When
horses were exercised at steady-state speeds (80% or 110%
V̇O2max), the ACTH response was rapid, with concentrations
increasing in a linear fashion until the end of the exercise
test.24 Postexercise concentrations fell rapidly, returning to
baseline within 60–120 min.24 These responses are similar
to those reported for humans and other species.5,24

The endorphins, enkephalins and dynorphins These
peptides are released from the pituitary in response to pain or
pleasure.6–8 While some classify these substances as hor-
mones, others classify them as neurotransmitters.6–8 Never-
theless, these substances are naturally occurring opiate-like
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pain suppressors that may allow a horse to tolerate higher
intensity exercise.6–8,31–34 The endorphins, enkephalins and
dynorphins play a role in the response to physiological and
psychological stress and appear to modulate pain percep-
tion.6–8 As such, these hormones are markers of stress.
However, since some sports medicine specialists have sug-
gested that an overload of duration, intensity or resistance is
needed for exercise training to elicit an adaptive response,
then under controlled conditions, the endorphins may play
an important role in allowing a horse to tolerate the progres-
sive increases in exercise intensities or longer durations
needed to invoke a training response. Mehl and co-workers6–8

have demonstrated that a threshold exists for evoking an
increase in plasma �-endorphin concentration. This thresh-
old appears to correspond to ~ 60% of the speed eliciting
V̇O2max. Interestingly, this is the same point at which one sees
a curvilinear increase in the catecholamines, plasma renin
activity, plasma lactate concentration and several other vari-
ables. This suggests a close interplay between these factors in
the transition from low-intensity, primarily aerobic exercise
to higher intensity exercise with an increasing anaerobic
component.21–24,35 Duration of exercise also appears to affect
the magnitude of the endorphin response, with greater
plasma concentrations as horses approach fatigue.6–8

Training appears to alter the endorphin response to acute
exertion with greater concentrations observed in the post-
exertion peak occurring between 5 and 10 minutes post 
exertion.36

Posterior pituitary hormones

Hormones released from the posterior lobe of the pituitary
include arginine vasopressin (AVP) and oxytocin. These two
protein hormones are actually produced in the hypothala-
mus by specialized bundles of nerves.2,5 Arginine vasopressin
is synthesized in cells of supraoptic and paraventricular
nuclei and stored in vesicles in the nerve endings located in
the posterior pituitary. Vasopressin plays a role in blood pres-
sure regulation and fluid and electrolyte balance. It is for this
later role that some refer to AVP as antidiuretic hormone or
ADH.2,5 AVP plays a major role in the short-term and long-
term control of cardiovascular function during and following
exercise.2,5 Oxytocin causes smooth muscle contraction in
the epididymis of males and the uterus of females and also
acts on mammary tissue, causing milk letdown in lactating
mares.2,5 Oxytocin does not appear to play a role in the
response to exercise.
Arginine vasopressin (AVP) AVP is a posterior pituitary
hormone associated with the acute and chronic defense of
blood pressure, plasma volume and fluid and electrolyte
balance.1–3,37–39,41 The primary physiological actions of
AVP include vasoconstriction and decreased free water clear-
ance.3,37–39,41 The mechanism for the release of AVP involves
osmoreceptors in the supraoptic and paraventricular nuclei
of the hypothalamus and cardiopulmonary baroreceptors in
the atria of the heart.2,3,37–39,41 Data from rats and other
species have shown that a very small 1–2% decrease in cell
volume in the hypothalamus or change in extracellular

osmolality of 2–4 mOsm/kg will stimulate AVP secretion and
drinking.37–39 Exercise causes an increase in plasma AVP that
is correlated with both duration and intensity.21,35,37–40

Comparative data show that AVP is secreted during exercise
in concentrations well above the threshold level associated
with its antidiuretic effects, suggesting that its extrarenal
actions are more important during acute exercise.3,37–39,42–45

Extrarenal actions include AVP’s action as a powerful vaso-
constrictor and an important component in the control of
blood pressure during exercise and its action on splenic blood
vessels to prevent resequestration of the splenic reserve in 
the horse.3,25,46 Interestingly, some studies suggest that
drinking water, especially cold hypotonic water, during
exercise may suppress AVP and thirst, leading to hypo-
hydration.38,39,41,47–49 However, sustained elevations in AVP
stimulate thirst and drinking after exercise, cause a decrease
in free water clearance by the kidneys and may influence the
uptake of sodium and water from the colon.3,38,39,41,49

In exercising horses, plasma AVP concentration was
recently reported to have increased from ~ 4.0 pg/mL at rest
to ~ 95 pg/mL at a speed of 10 m/s.45 It was also reported
that the relation between AVP concentration and exercise
intensity was curvilinear and did not plateau at speeds pro-
ducing maximal heart rate.45 Another recent paper reported
that AVP increases during steady-state submaximal exercise
in horses without a change in free water clearance.42

However, the increase does not become significant until
between 20–40 min of exertion.42 Two possible explanations
were given for the delay in AVP secretion in submaximally
exercised horses.42 First, a suppression of AVP secretion due
to the volume overload sensed by neural pathways associated
with the atrial baroreceptors and the hypothalamus.3,42

Second, inhibition of AVP release by the increase in ANP con-
centrations at the beginning of exercise.3,44 Nevertheless, an
increase in AVP concentration was seen with prolonged exer-
cise that appears to be related to sweat losses and decreases in
body water that altered plasma osmolality and blood pres-
sure.3,44,45 Studies of humans have demonstrated that train-
ing alters the slope of the AVP response to acute exercise,
suggesting a change in the sensitivity to the exercise chal-
lenge.21,22,35,38–40,47,49 No studies have been published on the
effect of training on the AVP response to acute exertion in the
horse.

Thyroid

The thyroid is located in the neck in close proximity to the
larynx region.2,5 It plays a major role in the control of basal
metabolic rate which has led some to refer to it as the body’s
‘thermostat’.2,5 The two iodine-containing hormones pro-
duced by the thyroid, tri-iodothyronine (T3) and thyroxine
(T4), act upon all cells in the body, affecting metabolic rate
and subsequently energy metabolism.2,5,20 The cells of the
thyroid have three major actions when it comes to synthesis
and secretion of T3 and T4: collection and transport of
iodine, synthesis and secretion of the glycoprotein thyroglob-
ulin into the intracellular colloid, and removal of T3 and T4
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from thyroglobulin and secretion into the bloodstream.2,5,20

The thyroid hormones circulate in the plasma in both a free
and a protein-bound form with protein bound accounting for
99.98% of the circulating hormone and the unbound form
being the active form able to act on cellular metabolism.2,5,20

The thyroid also produces calcitonin, an important hormone
in the control of calcium metabolism with potent effects on
bone mineral density.2,5,20

Tri-iodothyronine and thyroxine

The release of these hormones is stimulated by TSH which, as
previously mentioned, is released during exercise.2,5,20 As
with TSH, release of T3 and T4 is associated with both 
the intensity and duration of exercise in humans and
horses.5,20,50 Irvine51 demonstrated that training increases
the secretion rate of both T3 and T4 by approximately 65%.
This would indirectly support the suggestion that TSH, which
increases with training in humans and other species, is also
increased with training in the horse. Training also increases
the turnover rate of the thyroid hormones.5,20

Calcitonin

In addition to its control of metabolic rate, the thyroid is vital
to calcium homeostasis.2,5,20 For this function the thyroid
synthesizes and produces calcitonin which plays a role in
calcium homeostasis by either inhibiting osteoclast activity
in bone or, through its action on the kidney tubules, causing
an increase in calcium loss by actively inhibiting tubular
reabsorption.2,5,20 New bone is formed by osteoblasts and
reabsorbed by osteoclasts. In young growing horses, both
osteoclasts and osteoblasts are active; however, the activity of
osteoblasts outpaces that of osteoclasts, allowing for bone
growth and development.2,20 To this end calcitonin appears
to be more important in the young growing animal through
its inhibitory action on the osteoclasts. Calcitonin is also
important in the healing of fractures.2 Chiba and co-
workers52 documented substantially elevated plasma calci-
tonin concentrations in racehorses with various fractures.
Studies have also demonstrated that there is a period of bone
demineralization in young Thoroughbreds in the first few
months of training.16 Growing and adult humans who exer-
cise regularly have increased bone density.5 While a great
deal of work has examined markers of bone turnover, more
data are needed to determine whether acute and chronic
exertion affects plasma calcitonin concentrations.9,52–56

Parathyroid glands

The parathyroid glands, which are located in close proximity
to the thyroid gland, regulate calcium homeostasis by syn-
thesizing and secreting parathyroid hormone or parathor-
mone (PTH) in response to a change in plasma calcium
(Ca++) concentration.2,5,20 The hormone PTH has receptors
in the intestinal tract, in the osteoclasts in bones and the
tubules of the kidneys.2,5,20 The action of PTH to stimulate

osteoclast activity is antagonistic to calcitonin’s inhibitory
action. The resultant effect is a net bone reabsorption and the
release of calcium and phosphate into the bloodstream.2

Actions on the bone are relatively slower compared to PTH
ability to alter both the uptake and excretion sides of the
homeostatic balance equation by acting on the intestine and
the kidney tubule.2 Parathyroid hormone has a profound
ability to enhance the enzymatic pathway that mediates
increases in intestinal absorption of calcium and phos-
phate.2,5,20 At the same time PTH can act on the kidney
tubules where it enhances calcium reabsorption and phos-
phate excretion.2,5 The increase in phosphate excretion coun-
ters the increased amount absorbed concurrent with the
increase in calcium absorbed by the intestines.2,5

As with calcitonin, most equine research has focused on
effects of repeated exercise on markers of bone turn-
over.9,52–56 It is well recognized that nutritional influences
can alter calcium and phosphate balance and bone metabo-
lism. Thus, more work is needed to determine whether exer-
cise intensity and/or duration are factors affecting PTH
concentrations. Furthermore, data are needed to determine
whether exercise alters the synthesis and secretion rate,
receptor numbers and sensitivity and general interplay of
PTH and calcitonin in bone metabolism.

Adrenals

The adrenal glands are multilayered organs that sit atop the
kidneys.2,5 Functionally, the primary layers are the adrenal
medulla and the adrenal cortex.2 The medullary portion of
the adrenal produces epinephrine and norepinephrine which
have the potential to affect most cells in the body.2,5,20 In
general, epinephrine potentiates the response to exercise,
causing profound effects on central cardiovascular and respi-
ratory function.5,20 It can cause increases in muscle blood
flow and can mobilize glycogen and free fatty acids to fuel
exertion.2,5,20 The adrenal cortex contains three specialized
zones: the zona glomerulosa zona fasciculata and zona retic-
ularis.2 The cortex produces a multitude of steroid hormones
that fall into three major categories: the mineralocorticoids
(aldosterone), the glucocorticoids (cortisol) and the gonado-
corticoids (androgens and estrogens).2,5,20

Hormones produced by the adrenal medulla
(the catecholamines)

The release of the catecholamines has its origin in the fight-
or-flight response.57 This ‘stress’ response involves the local
release of norepinephrine from the sympathetic nerve
endings and a systemic release of epinephrine and norepi-
nephrine from the adrenal medulla.57 Receptors for the cate-
cholamines are specialized and are divided into two primary
categories, referred to as � and �-adrenergic receptors.57

These two major categories are divided into subcategories,
namely �1 and �2 and �1 and �2 receptors.57

Sympathetic nervous activity increases with intensity and
duration of exercise; however, measurable changes in plasma
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catecholamine concentrations are not apparent below
50–70% of maximal aerobic capacity.57 Recent papers report
that plasma catecholamine levels increase in a curvilinear
fashion with increasing exercise intensity and are highly cor-
related with plasma lactate concentrations.23,24,50 The meas-
urable increase appears to coincide with the intensity where
one would expect complete parasympathetic with-
drawal.19,20,22–24 These increases in the catecholamines
enhance the increase in heart rate, force of cardiac contrac-
tion and thus cardiac output.3,57 The catecholamines also
play a role in inducing splenic contraction and the delivery of
6–12 liters of blood into the central circulation at the onset of
exercise.57,58 Even with this mobilization of reserve blood
volume, the demands of exercise may exceed central cardio-
vascular capacity in the horse; thus, during high-intensity or
long-duration exercise, the catecholamines contribute to the
vasoconstriction that decreases blood flow to non-obligate
tissues.3,4,57

The catecholamines are also vitally integrated into the
respiratory response to exercise.3,23,57,59,60,80 At the onset of
exercise the �2-adrenergic receptor action relaxes tracheal
and bronchial smooth muscle, increasing airway diameter
and decreasing airway resistance, and thus facilitating move-
ment of greater amounts of air into and out of the lungs.57

While the sympathetic system is not directly responsible for
the control of ventilation during exercise, the increase in ven-
tilatory drive associated with activation of the motor cortex
can be enhanced during exercise by catecholamine secretion
and augmentation of the sensitivity of chemoreceptors in the
carotid bodies.57 During high-intensity exercise ventilation
may be further affected by catecholamine release; however,
this is more a stress response than a ‘normal’ response to
exercise.57

The catecholamines also have major effects on metabolic
pathways associated with substrate utilization during exer-
cise.5,20,57 Increases in sympathetic activity, more specifically
catecholamine concentrations, result in an increase in
hormone-sensitive lipase and subsequently an increase in cir-
culating free fatty acids.5,20,57 Exercise-induced increases in
the catecholamines also cause an increase in glycogen break-
down, resulting in elevations in blood glucose concentra-
tions.5,20,57 It has been suggested that one way in which
warm-up exercises benefit the athlete is through activation of
these metabolic pathways, allowing for elevated blood con-
centrations of glucose and free fatty acids prior to race-
induced increases in utilization, thus facilitating delivery of
substrate to tissues without a significant lag time.5,20,57

The above responses have been well documented during
acute exercise; however, recent data suggest that exercise
training alters adrenergic receptor numbers and sensitivity in
selected tissues.5,20,57 For example, �-adrenergic receptor
numbers are unchanged in cardiac muscle with training,
while �-adrenergic and muscarinic receptor numbers are
reduced.5,20,57 Both �-adrenergic receptor numbers and sen-
sitivity are increased in skeletal muscle and in vascular and
bronchial smooth muscle.5,20,57 Changes in receptor number
and sensitivity with training may be important with respect
to adjustment of drug doses for the animal that has been

trained extensively as opposed to an animal that is at the
beginning of a training program or one that is being recondi-
tioned following removal from training.5,20,57

Primary hormones produced by the adrenal
cortex

Some sources suggest that more than 30 structurally distinct
steroid hormones are secreted by the adrenal cortex.2,5,20 Of
those, the mineralocorticoid aldosterone and the glucocorti-
coid cortisol are the most important to the physiologic
response to exercise.2,5,20

Aldosterone (ALDO) Aldosterone plays an important
role in electrolyte homeostasis, in particular sodium and
potassium balance.2,3,5,20,61 It is well recognized that ALDO
acts on the kidneys to enhance sodium (and chloride) reab-
sorption and potassium excretion.3,5,20,61 It also acts on the
intestines to facilitate the uptake of electrolytes and
water.3,5,20,61 Aldosterone release can be stimulated by
decreases in plasma Na+ or by increases in plasma H+, plasma
K+, plasma ACTH and/or increased PRA.3,38,39,61 However,
the most potent of these stimuli is an increase in plasma
K+.3,61 Studies of horses have attempted to identify factors
that may stimulate the release of ALDO during exer-
cise.14,42,45,61–65 In one study plasma Na+ was not
significantly affected by exercise and thus, a decrease in
plasma Na+ did not appear to have been the primary stimulus
for ALDO release.42 The early mechanism for the release of
ALDO appeared to have been a proportional increase in the
plasma renin-angiotensin-aldosterone cascade where an
increase in PRA results in the generation of angiotensin I and
angiotensin II, with angiotensin II stimulating the produc-
tion and release of aldosterone.38,39,41,66–68

The relationship between plasma aldosterone concentra-
tion and exercise intensity has been reported for horses
running on a treadmill.45 Aldosterone increased from con-
centrations around 20–50 pg/mL at rest to almost
200 pg/mL at a speed of 10 m/s.45,69 A linear relation was
found between exercise intensity and aldosterone concentra-
tion; however, unlike PRA, ALDO concentration did not
reach a plateau at HRmax.45 Another study found that during
submaximal exercise, increases in plasma ALDO concentra-
tion paralleled changes in PRA; however, the magnitude of
the increase in PRA (66%) was less than the relative increase
(709%) in plasma ALDO concentration.42 The authors con-
cluded that factors other than PRA affected the release of
ALDO in the horse.42 Of all the parameters reported, a highly
significant increase in plasma K+ concentration may have
served as the strongest stimulus for the release of ALDO.3 An
increase in plasma K+ as small as 0.3 mEq/L can be sufficient
to stimulate the secretion of ALDO, independent of the renin-
angiotensin cascade, through the conversion of cholesterol
to pregnenolone or at a later step in the biosynthetic
pathway.3 This is consistent with the acute homeostatic
requirements of the horse since a major perturbation in elec-
trolyte homeostasis observed during endurance exertion was
an increase in plasma K+ and not a drop in plasma Na+.45 As
with humans, ALDO has a minimal role in the acute response

799
35 Endocrine alterations in the equine athlete



to exercise in horses; however, ALDO concentration remains
elevated for hours after exercise and may affect the long-term
reabsorption of sodium and water40,70,72 by the kidneys and
by the intestinal tract.69,73

Cortisol The major glucocorticoid secreted by the adrenal
glands is cortisol; however, some cortisone, corticosterone
and deoxycorticosterone are also produced and found in the
plasma.2,5,20 Thornton reported that deoxycorticosterone
concentrations are very low in the horse.20 Cortisol, cortisone
and corticosterone can be found in a ratio of 16:8:0.5 in the
plasma; thus, most exercise studies have focused on corti-
sol.2,20 Cortisol undergoes diurnal variation with peak levels
found in the early morning between 0600 and 1000 and
lowest levels found in the late evening and night.2,5,20 Some
have characterized the glucocorticoids as ‘stress’ hor-
mones.2,5,20 However, they are released under a multitude of
normal situations not characterized as stress.2 Thus, it is the
appropriateness of their release and the magnitude of their
release that would indicate whether a given physiologic dis-
turbance (or stressor) can be classified as a mere perturbation
or a dangerous stress.

Release of cortisol allows an individual to tolerate and
adapt to challenges to homeostasis that occur in everyday
life.5,20 To this end, the functional effects of cortisol fall into
two major categories: substrate mobilization and immune
modulation.2,5,20 One such challenge is exercise where corti-
sol stimulates substrate mobilization by enhancing gluconeo-
genesis and the mobilization of free fatty acids.5,20 At the
same time cortisol release will decrease glucose utilization by
some tissues, sparing it for use by the central nervous
system.5,20 One could speculate that such an action could
delay the onset of central fatigue that occurs during
endurance exertion when blood glucose concentrations
drop.71,72 Cortisol also causes an increase in protein catabo-
lism with a resultant increase in the release of amino
acids.2,5,20 These building blocks of protein are thus available
during exercise as a source of energy when glucose levels
begin to drop.2,5,20 They are available after exercise to repair
tissues and for the synthesis of enzymes involved in many cel-
lular pathways.2,5,20 Cortisol also modulates immune func-
tion, acting as an anti-inflammatory agent and suppressing
immune reactions.2,5,20 Teleologically, these actions may be of
benefit in the response to training. Overload through
increased exercise intensity, resistance or duration is neces-
sary for training to stimulate an adaptive response to exercise.
The minor disruption of function and structure in the cells of
the muscles results in protein accretion, substrate uptake and
deposition, and other beneficial remodeling that increases the
functional capacity of the cells. Cortisol’s suppression of
immune function and anti-inflammatory effects may actually
provide a permissive environment for tolerating the slight
amount of ‘muscle damage’ needed for training-induced
remodeling.

Many studies have demonstrated that cortisol is increased in
the horse during a wide variety of exercise activities, from
racing to polo to endurance rides.11,20,32,74–80 The release of cor-
tisol in the horse appears to be affected by both intensity and
duration of exercise.20,79,80 However, excessive increases in cor-

tisol concentrations following exertion can be a marker of too
much exercise. Prolonged cortisol recovery times as well as
either inappropriately high or low plasma concentrations of
cortisol may be markers of overtraining in the horse. As men-
tioned above, postexertion effects of cortisol may elicit a permis-
sive effect beneficial for training adaptation by preventing the
immune system from eliciting an inflammatory and immune
reaction to acute exercise.11,81 Several studies of horses have fol-
lowed cortisol levels for an extended period post exercise.82–84

Those experiments demonstrated that exercise caused a six-fold
increase in adrenal cortisol secretion and a 2–3-fold increase in
plasma cortisol concentration. Urinary cortisol concentrations
also increased threefold with a return to baseline levels by 
10 hours post exertion.82,83,84 The authors also noted a
substantial increase in liver clearance of cortisol.

Interestingly, data are mixed as to the effects of training on
the cortisol response.20,79,80 Studies have suggested that peak
postexercise cortisol concentrations are reached earlier in
trained horses and that trained horses have a faster cortisol
recovery time.20,79,80 On average, peak cortisol levels were
observed at about 30 minutes post exertion.20,79,80

Pancreas

The pancreas is a V-shaped organ that lies along the duode-
num.2,5,20 Structurally, most of the pancreas is composed of
acini which function as exocrine cells, secreting digestive
enzymes and bicarbonate into the small intestine via the pan-
creatic duct. The endocrine function of the pancreas is medi-
ated by cells of the islets of Langerhans.2,5,20 These
specialized cells are arranged as branching cords surrounded
by a large network or plexus of capillaries.2,5,20 The cells are
classified into three types: the �-cells which produce
glucagon, the �-cells which produce insulin and the �-cells
which produce somatostatin.2,5,20 Of those hormones, the
most important during exercise are insulin and glucagon and
their actions in the control of glucose metabolism.

Insulin

Insulin functions as part of the feedback system controlling
blood glucose concentration.2,5,20 Insulin is synthesized by the
�-cells of the pancreas and is primarily a glucose ‘storage’
hormone because it facilitates glucose uptake by the cells,
promotes glycogenesis and inhibits gluconeogenesis.2,5,20,85,86

At rest insulin is the ‘key’ that opens the cellular door to allow
uptake of glucose.2,5,20 However, during exercise the working
muscles take up glucose without insulin.5,20 Thus, insulin 
is very important during the recovery from exercise when glyco-
gen repletion is most active.2,5,20,87–89

The insulin response to acute exercise has been well
documented with the horse, like humans and other species,
suppressing insulin during exercise.20,76–78,80,90–96 This suppres-
sion appears to have a threshold of 50% of V̇O2max which co-
incides with the increase in catecholamines seen during
exercise.1,20 Recent more mechanistic studies have demon-
strated the link between exercise-induced increases in sympa-
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thetic drive and changes in insulin and glucagon secretion in
the horse.95,96 Functionally this allows the animal to increase
gluconeogenesis to maintain blood glucose concentrations
during exercise.5,20,95,96 Glucose mobilized during exercise can
be taken up by the muscles with insulin; however, endurance
performance appears to be limited by central fatigue mecha-
nisms more than peripheral fatigue.5,20,95,96 Suppression of
insulin and maintenance of blood glucose concentration
prevent the onset of central mechanisms of fatigue.6,71 Much of
the recent work on the insulin response to exertion has centered
on the composition and timing of pre-exercise feeding.74,97–105

High-carbohydrate feeds are beneficial for optimal muscle glyco-
gen synthesis to fuel exercise; however, the resultant increase in
blood glucose seen after a horse eats a high-carbohydrate ration
usually evokes an increase in insulin secretion.102, 104–106 The
goal of recent research has been to prevent this feed-induced
spike in insulin that would tend to decrease blood glucose
directly before or during exercise.102,104–107 Training appears to
alter the insulin response to exercise, enhancing the ability to
synthesize glycogen during recovery.20

Glucagon

The functions of glucagon are in opposition to insulin in that
it stimulates gluconeogenesis and inhibits glycogenesis.2,5,20

Glucagon is one of many hormones needed for substrate
mobilization and thus it increases during exercise in the
horse.76–78,85,108,109 As such, glucagon is important for main-
taining glucose concentrations during exercise, a role that is
especially important during endurance activities where a
drop in blood glucose concentrations leads to the onset of
central fatigue.2,5,20 Published data from several studies have
demonstrated that endurance horses have an increase in
glucagon.76–78 This increase in glucagon is also altered by
exercise intensity and its release appears to be under the
influence of the increases in sympathetic drive and the cate-
cholamines.96 Training appears to alter the glucagon
response to exercise, enhancing the ability to mobilize
glucose during exertion.5,20

Other pancreatic hormones

Other hormones produced by the pancreas and associated
with both endocrine and exocrine pancreatic function may
play an important role in modulating substrate disposition
during and after exercise.110 These hormones include pancre-
atic polypeptide, somatostatin of pancreatic origin, amylin
and galanin.110

Pancreatic polypeptide Pancreatic polypeptide does not
appear to affect insulin or glucagon concentrations. However,
comparative studies have suggested that pancreatic polypep-
tide affects digestion.110 Hall and co-workers109 point out that
pancreatic polypeptide (PP) inhibits pancreatic exocrine
function and bile secretion, an observation that they consid-
ered appropriate for a horse during long-term exercise when
food intake would tend to be minimal. Information regarding
the effect of exercise on pancreatic polypeptide is minimal.
However, in one study Hall et al109 demonstrated that PP

increases in the endurance horse from concentrations aver-
aging 20 pmol/L at rest to levels as high as 102 pmol/L after
an 80 km ride. Lower concentrations seen after a 42 km race
would suggest a dependence on duration which may be
related to the degree of hypoglycemia seen in the horses post
exertion.109 These results are similar to those seen in other
species.110 We are unaware of any published studies that
have examined the effect of exercise intensity in the horse.
Somatostatin Somatostatin is produced in the hypothala-
mus, the gastrointestinal tract (see below) and the pancreas.
It is well recognized that the somatostatin produced in the
hypothalamic region of the brain inhibits somatostatin (i.e.
growth hormone) as well as thyrotrophin release.109

Somatostatin of pancreatic origin is produced by the �-cells of
the pancreas and functions locally, to alter pancreatic func-
tion, and regionally to possibly alter blood flow and also
restrict nutrient absorption.109 Hall and co-workers109 have
suggested that this fits with the well-documented reduction
in splanchnic blood flow that occurs during exercise. A small
but significant increase in somatotrophin concentration has
been demonstrated during endurance exercise per se with no
difference due to duration (42 versus 80 km).109 This is con-
sistent with studies of humans and other species.110

Published studies of the horse have not examined the effect of
exercise intensity on concentrations of somatostatin.
Amylin and galanin Amylin and galanin are two other sub-
stances produced by the pancreas that affect pancreatic func-
tion and influence pathways involved in insulin regulation.110

Amylin is a 37-amino acid protein produced by the �-cells of the
pancreas, whereas galanin is a 29-amino acid protein secreted
by nerve cells in the pancreas.110 These paracrine substances
may be influenced by exertion; however, we are unaware of any
published studies in horses or other athletic species.

Circulating gastrointestinal (‘gut’)
hormones

Several other substances with endocrine and paracrine func-
tion are secreted by the digestive tract.110 These substances
alter digestive function and thus may influence digestion and
the absorption of substrate during exercise.110 Included in
this complex array of modulatory substances are gastric
inhibitory peptide (GIP), vasoactive intestinal polypeptide
(VIP), gastrin, somatostatin, secretin, enteroglucagon,
motilin, cholecystokinin (CCK, see also below), the
enkephalins, the endorphins, substance P, gastrin-releasing
peptide, neuropeptide Y, peptide YY and neurotensin.110

Gastric inhibitory peptide

This is a 42-amino acid peptide that has a dual action,
inhibiting gastric acid production and stimulating insulin
secretion.110 Exercise does not alter GIP in humans; however,
consumption of glucose during recovery appears to result in
decreased concentrations of GIP in humans. Hall et al109

reported that plasma GIP concentrations were not altered
during endurance exercise (42 and 80 km). However, those
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results should be looked at with caution as the authors had
relatively low animal numbers. The longer endurance com-
petition did result in a non-significant decline in plasma GIP
concentration from approximately 75 pmol/L before exercise
to 50 pmol/L after 80 km.109 The decline in GIP and its
insulin secretagogue action would be consistent with the sub-
stantial and significant suppression of insulin concentrations
reported in those same horses.

Vasoactive intestinal polypeptide

A 28-amino acid peptide acting as a neurotransmitter that is
secreted by nerve fibers in the GI tract.110 Multiple actions of
VIP include vasodilation, stimulation of glucagon secretion
and enhancement of the stimulation of substrate release
through lipolysis and hepatic glycogenolysis.110 Endurance
exercise has a pronounced effect on VIP secretions, with
increases in plasma concentrations that appear to be affected
by exercise duration.109,110 Teleologically this fits with the
energy substrate needs associated with prolonged exercise.

Gastrin

This is a 10-amino acid peptide that stimulates gastric acid
secretion that is affected by prior ingestion of food.110 Limited
data are available on the effects of exercise on the plasma
concentration of this hormone in the horse.109 Human
studies110 have not reported increases in gastrin due to exer-
cise but in a paper on horses by Hall et al,109 while plasma
concentrations of gastrin were not altered by a 42 km
endurance ride, they were substantially increased following a
longer 80 km ride. One would presume, though, that the
horses in the longer ride went for a longer time without food
intake and therefore, this increase in gastrin secretion would
seem unwarranted. However, one wonders if this paradoxical
increase contributes to excessive acid production and gastric
ulcer formation when food is withheld from a horse for a long
period of time.

Other gastrointestinal peptides with
endocrine or paracrine actions

Most of these substances have not been studied in the horse;
however, comparative studies have shown that they have
localized action within the gastrointestinal tract. Many of
these substances have been characterized as neurotransmit-
ters that act on local tissues, altering membrane transport,
stimulating motility and, in some cases, stimulating acid pro-
duction.110 For example, gastrin-releasing peptide is a 27-
amino acid peptide that is also referred to as bombesin.110

This protein stimulates gastrointestinal motility and the
release of gastrin.110 Secretin and enteroglucagon are both
29-amino acid hormones that inhibit acid secretion in the
stomach.110 Comparative studies have shown that there is an
increase in peripheral blood collected after exercise in both
humans and dogs.110 Motilin has been shown to increase
with exercise in humans.110 This 22-amino acid peptide stim-

ulates motility of the gastrointestinal tract.110 Interestingly
the enkephalins appear to have the opposite effect, decreasing
motility.110 Other peptides like substance P, neuropeptide Y
and peptide YY appear to alter GI tract motility but little is
known about changes during exercise.110 Interestingly, the
functional link between all the GI tract hormones appears to
be their actions on motility and possibly transport.110 These
actions may make them inportant for the uptake of water,
electrolytes and energy substrates during and after exer-
cise.110 Finally, neurotensin is a 10-amino acid GI hormone
with an unknown role; however, studies have shown that it
increases during exercise in humans when a glucose solution
is consumed but not when water alone is consumed.110

Hormones related to appetite and
energy balance

Maintaining energy balance is crucial for the optimal health
and performance of exercising horses. The energy expended
during exercise directly affects energy homeostasis, because
the horse has to increase energy intake in order to compen-
sate both for the energy lost during exercise and for the
energy required for the recovery and repair of tissues.
Although the neuroendocrine control of energy balance has
been studied extensively in humans and rodents, it is just
beginning to be examined in horses. Examples of some of the
endocrine mediators measured to better understand the
control of energy balance are the hormones leptin,
adiponectin, ghrelin and cholecystokinin.

Leptin

Leptin is an adipocyte-derived hormone, a 16 kDa protein
product of the ob gene, that acts as an indicator of energy
balance.111–113 Sensed levels of leptin influence neural trans-
mission in brain pathways, affecting food intake and energy
utilization.114 Basically, high levels of leptin increase energy
expenditure while decreasing food intake and vice versa.114

Food intake is altered by leptin influencing responsive
neurons in the brain that activate either a feeding or satiety
system.114 The feeding or orexigenic system contains neu-
ropeptide Y, agouti-related protein, and other hormones and
neurons that signal an animal to increase food intake while
the satiety system involves neurons containing pro-
opiomelanocortin and �-melanocyte stimulating hormone as
well as others that decrease food intake.115 Leptin increases
energy expenditure by stimulating the sympathetic nervous
system in brown adipose tissue, directly increasing the
expression of uncoupling protein 1, and by possibly increas-
ing the expression of uncoupling protein 3 in muscle.116

Furthermore, leptin strongly stimulates triglyceride and fatty
acid cycling by increasing lipolysis and fatty acid oxida-
tion.117 Leptin is secreted in proportion to fat mass,117

although massively obese humans seem to be ‘resistant’ to
leptin’s slimming propensities.111,119
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In horses, plasma leptin is positively correlated with
percent fat mass and body condition score.120,121 Leptin has
also been found to have a seasonal variation in both young
and old mares, with plasma leptin levels increasing in the
summer and decreasing in the winter, in correlation to body-
weight and percent fat mass.122 Furthermore, 24-hour
fasting decreases plasma leptin levels in young and mature
mares.123 Interestingly, one study showed serum concentra-
tions of leptin were higher in geldings and stallions versus
mares, which is incongruent with human literature in which
females have higher leptin levels than males, with differences
not completely explained by a greater percent fat mass in
females.121,124 In rats, recent research demonstrated that
male rats had higher leptin concentrations in the blood than
female rats.125 The reason for the discrepancy between
species is unclear.

With regard to exercise, there have been some interesting
findings in humans on how the type and duration of exercise
affect energy balance and leptin concentrations in the blood.
To date, no such studies have been published in horses. 
In humans, however, studies involving short-term exercise 
(< 60 min) with varying intensities have generally shown no
change in leptin concentrations due to exercise.126,127 Studies
that have reported changes in leptin concentration with
short-term exercise have attributed the changes to hemo-
concentration or circadian rhythm.128,129 It is possible that
short-term exercise does not cause a sufficient kilocalorie
deficit to produce a disruption in long-term energy balance.
Also, the interaction between other hormones (e.g. cortisol,
insulin, glucose, epinephrine and norepinephrine) that
fluctuate during exercise and have been found to either
stimulate or inhibit leptin secretion remains to be 
determined.1,129,130

Long-term exercise (≥ 60 min) of varying intensities has
been shown to decrease or cause no change in leptin concen-
trations.131–133 Interestingly, studies showing reductions in
leptin increased sampling times for up to 48 hours after exer-
cise, with a reduction in the 24-hour mean and amplitude of
the circadian rhythm of leptin.130,134 It appears that long-
term exercise, in well-controlled studies, provides enough of
an energy deficit to decrease leptin levels, which in turn will
increase food intake to help maintain energy balance.135

Training is another aspect of exercise that is of interest to
scientists studying leptin concentrations and energy balance.
Training regimens have had different effects depending on
duration and intensity of exercise and subjects used. Briefly,
training for less than 12 weeks generally causes no change in
leptin levels, although type II diabetic individuals did show a
reduction in leptin concentrations after 6 weeks of low-
intensity walking and cycling, independent of body composi-
tion changes.136,137 Training regimens for longer than 
12 weeks can cause a reduction in fat mass, which lowers
leptin levels, yet some studies report a reduction in leptin
independent of fat mass changes.138–140 Additionally, it
appears that females are more sensitive to the training effect
on leptin levels, with several studies showing female subjects,
yet not their males counterparts, demonstrating lower leptin
concentrations in response to training.141

Leptin has several potential roles in terms of the health of
exercising horses. As a signal of energy homeostasis, leptin
concentrations in horses can help scientists to determine if a
horse is in positive or negative energy balance and can
provide supportive data regarding a horse’s body condition
and percent fat mass. Negative energy balance is detrimental
to exercise performance, reproductive status and overall
health.142 Furthermore, determining how exercise and train-
ing affect leptin concentrations in horses will allow better
understanding of how horses regulate their energy balance
so that training regimens and diets can be adjusted accord-
ingly to optimize the health of the athlete.

Adiponectin

Adiponectin is another hormone secreted from adipocytes,
with its role in metabolism related to the regulation of
glucose, insulin and adipocyte metabolism.143–145 In contrast
with leptin, adiponectin levels are decreased in obese and
insulin-resistant humans and animals.146,147 With regard to
exercise, adiponectin may have a role in the increased insulin
sensitivity seen as a result of training in both humans and
horses.148–151 In a study of humans undergoing exercise
training, however, plasma adiponectin concentrations did
not change relative to the increased insulin sensitivity due to
training.152

In horses, adiponectin is negatively correlated with
percent fat mass in yearling fillies and mature mares.120

The study of adiponectin in horses is of importance as 
it is likely related to the insulin resistance commonly seen 
in older horses and horses with pituitary adenomas. 
Studies have shown that older mares with impaired glucose
tolerance were able to improve their insulin sensitivity 
with 12 weeks of training.149 It would be of interest to
determine if adiponectin has a role in this insulin-sensitizing
phenomenon.

Ghrelin

Another hormone involved in the control of appetite and
energy balance is ghrelin, a protein hormone secreted from
the stomach which was first discovered as a potent growth
hormone secretagogue.153 Ghrelin has received most of its
attention, however, due to its role in initiating food intake in
humans and rodents.154 In meal-fed animals, including
humans, rodents and sheep, ghrelin increases before meal
feeding in anticipation of the meal and will also increase
during times of fasting.155–157 In rats, ghrelin stimulates
gastric acid secretion in the stomach.158,159 Few studies to
date have examined the role of ghrelin in relation to exercise,
in any species. One study in humans, however, demonstrated
that ghrelin levels did not change during submaximal aerobic
exercise in healthy adults,160 although the paper was focused
on the relationship between ghrelin and growth hormone
released during exercise and not that between exercise,
ghrelin and food intake.

It would be valuable to attempt to study ghrelin in horses
as it may have a significant role in helping horses to maintain
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energy balance. In addition, high performing equine athletes
often have problems with inappetance and gastric ulcers that
may be related to abnormal ghrelin concentrations and
ghrelin’s stimulation of gastric acid.161 Humans with
anorexia exhibit higher ghrelin concentrations than their
normal counterparts, with a presumed ‘ghrelin resistance’
contributing to the cachexia of this eating disorder.162,163

Cholecystokinin

The peptide hormone cholecystokinin (CCK), secreted from
the small intestine, is involved in energy balance by signaling
fullness and decreasing food intake in humans, rodents and
ruminants.164–167 To date, there has been little published data
on cholecystokinin in horses but this hormone may play a
role in the inappetance commonly seen in heavily exercised
horses. In a study conducted in humans, exercise increased
plasma CCK concentrations fourfold. Although CCK values
returned to normal at the end of exercise, equine researchers
have speculated that CCK concentration may increase in
response to exercise in horses and remain elevated, con-
tributing to a lack of interest in feed by some equine
athletes.168

Finally, it must not be ignored that there is also an interac-
tion between many of the above-mentioned hormones in
relation to energy balance. For example, CCK enhances the
effect of leptin administration on weight loss and the pair
may directly decrease food intake.169,170 Leptin and
adiponectin, although expressed in opposite concentrations
to one another, may be regulated similarly for short-term
alterations, yet differently for long-term regulation.112

Ghrelin, on the other hand, is upregulated during leptin
therapy, although these increases in ghrelin are not able to
overcome the food intake depression caused by leptin.171,172

Hence, it is clear that these endocrine mediators should not
just be studied in isolation but collectively to determine how
they regulate various systems.

In conclusion, the regulation of energy balance in horses
and how it is affected by exercise is a field that has yet to be inves-
tigated in depth. On the other hand, data published in humans
and other species demonstrate the importance of such research,
especially with regard to gastric ulcer syndrome and the inap-
petance commonly seen in heavily exercised horses and obesity
and insulin resistance seen in many older horses. It is hoped that
future research in this field will elucidate the characterization of
energy balance in horses, how this equanimity is maintained in
response to exercise and ways in which management practices
can be changed to help horses remain in energy balance and
achieve optimal performance and health.

Kidneys

Filtration of the blood and conservation of vital substances
are the most obvious functions of the kidneys.41,61 However,
their close link with the control of cardiovascular function is
more complex and multifaceted. The basic filtration unit is
the kidney glomerulus.41,61 Each of these glomeruli has a spe-

cialized group of cells referred to as the juxtaglomerular
apparatus (JGA),41,61 which has more specialized cells that
act as feedback sensors in monitoring flow (and pressure),
sodium and chloride concentration, and arterial PO2.41,61 The
major hormone produced by the kidney is renin, the activat-
ing substance in the renin–angiotensin–aldosterone cascade
which has the potential to alter blood presssure, volume and
tonicity.41,61 The kidney also produces erythropoietin which
acts on precursor cells in the bone marrow to stimulate red
blood cell production. Both of these hormone systems play 
an important role in the defense of normal cardiovascular 
function.41,61

Plasma renin activity (PRA)

Renin is a hormone released by the JGA of the kidney. It facili-
tates the conversion of angiotensinogen into angiotensin I,
which is converted in the lung to angiotensin II, a vasoconstric-
tor that also stimulates the production and release of aldos-
terone.38,39,41,45,173 During exercise, PRA is a measure of the
rate of angiotensin I generation.38,39,41,45 Angiotensin I and
angiotensin II are powerful vasoconstrictors involved in the
control of MAP and blood flow during exercise.38,39,41 After
exercise, renin can directly affect renal function and
angiotensin stimulates thirst and drinking, thus altering post-
exercise fluid balance.38–40,45,174 Three major mechanisms that
may account for the increase in PRA during exercise are renal
nerve stimulation via increased sympathetic drive, changes in
renal blood flow and pressure associated with juxtaglomerular
function, and changes in electrolyte (sodium and chloride)
concentrations at the JGA in the kidney.38–41,45,173

Previous studies have measured PRA in horses at rest,
after exercise training, during steady-state exercise or after
brief maximal exercise.42,45,61–65,68 A strong linear correla-
tion exists between work intensity (and duration) and
increases in PRA, and HR were reported up to treadmill
speeds of ~ 9 m/s.45 Above 9 m/s, HR and PRA reached a
plateau and did not increase when speed was increased from
9 to 10 m/s.45 In previously published studies of horses, PRA
increased from 1.9 ± 1.0 ng/mL/h at rest to a peak of 5.2 ±
1.0 ng/mL/h at 9 m/s.45 The observed concurrent plateau in
PRA and HR rate supports the suggestion that the increase in
PRA during exercise in the horse is linked to sympathetic
drive. Such is the case in other species where mechanistic
studies have demonstrated a correlation between renal sym-
pathetic nerve activity and PRA.38,39,41,173 During steady-
state submaximal exercise, the major factor stimulating an
increase in PRA early in exercise was an increase in sympa-
thetic drive.38,39,41,61 However, a secondary increase in PRA
was seen in horses after 40 min of exercise and was most
likely due to a decrease in plasma Cl– concentration, which
fell significantly during this period, and not plasma Na,+

which remained constant.42

Functionally, an increase in PRA during exertion has 
been shown to result in an increased plasma angiotensin II
concentration.38,39,41,61 Interestingly, horses given the
angiotensin converting enzyme inhibitor enalapril had
significantly lower plasma angiotensin II and aldosterone
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concentrations and pulmonary artery pressures during exer-
cise compared to horses given a placebo.68 These later obser-
vations demonstrate that the renin–angiotensin cascade
plays a role in the control of blood pressure during exercise in
the horse.

Erythropoietin

Erythropoietin (EPO) is a peptide hormone that is produced
by the kidneys in response to hypoxia sensed by pericellular
cells positioned in the vasculature of the renal matrix.175–178

Recent papers have documented the effects of a variety of
perturbations, including the effects of blood loss, acute exer-
cise and altitude, on EPO production in humans.175,176,179 If
cardiopulmonary adjustments are insufficient to prevent
hypoxemia and if the above-mentioned perturbations are
large enough to cause a decrease in renal arterial partial
pressure of oxygen (PaO2), then plasma EPO concentrations
increase and there is a subsequent stimulation of erythro-
poiesis in humans.175,176,179 The resultant increase in red
blood cell volume would be expected to couple with other
compensatory mechanisms to return arterial PO2 back up to
normal levels.

McKeever et al180 recently reported that acute exercise
does not appear to stimulate an increase in plasma EPO con-
centration in normal horses. This is similar to observations
made in several studies of humans which demonstrated that
neither the intensity nor the duration of acute exercise alters
plasma EPO concentrations in humans.181–183 Teleologically
this makes sense because one would speculate that if acute
exercise caused substantial increases in EPO production and
release, then repeated exercise (i.e. training) would cause a
sustained increase in EPO.184 Any such hypothetical repeated
increase in circulating EPO concentration would be expected
to cause a sustained stimulation of erythropoiesis. Taken a
step further, this would eventually cause a red cell hyper-
volemia and potentially detrimental increases in blood viscos-
ity. Mechanistically, the acidosis of exercise appears to inhibit
EPO production.185

Altitude appears to cause a transient increase in plasma
EPO production in humans and horses.5,180,186,187 However,
in horses, plasma EPO concentrations increased only during
the first 3 hours of the first day at 3800 meters.180 This is
similar to studies of humans which have reported a ‘tempo-
rary rise’ in EPO concentrations in mountaineers at both
4900 and 7600 m.186 One explanation for this rapid return
to baseline concentrations is a rapid compensation of car-
diorespiratory mechanism to the challenge of altitude that
would tend to limit changes in PaO2 at the kidney.186

Interestingly, exercise performed at altitude did not induce a
secondary increase in plasma EPO concentration.180 The
authors concluded that hypobaric hypoxia positively affects
EPO production in the horse rapidly upon the first day at alti-
tude with a rapid return to prealtitude concentrations.180

Their data suggest that horses have an innate ability to toler-
ate the acute challenges induced by exercise and altitude.

Interestingly, administration of recombinant human ery-
thropoietin (rhEPO) has been shown to increase hemoglobin

concentration and exercise capacity in humans with chronic
renal failure.188–190 Small doses of rhEPO have been found to
increase hemoglobin concentration by 30% and increase
endurance performance anywhere from 10% to 19% in
healthy human subjects.188–190 Purportedly, some human
athletes and/or their trainers have decided to use higher than
recommended doses of erythropoietin with the rationale that
the more rhEPO injected, the greater the increase in aerobic
capacity.188–190 Injections of rhEPO have been shown to
elevate resting hematocrit to levels greater than 55% in
humans, which increases blood viscosity and clotting and
enhances the risk for heart attack or stroke.188,190 Rises 
in hematocrit increase blood viscosity and may have 
caused excessive increases in blood pressure and clotting
problems related to the deaths of human athletes in
Europe.188,190

Unfortunately, these practices have entered equine sports
medicine, with clinicians, horse trainers and racing com-
mission personnel reporting that this drug is being mis-
used in race horses to improve performance through 
an increase in blood volume and oxygen-carrying 
capacity.178,191,192 However, two major problems can develop
in horses.175,178,193 First, while the horse can tolerate hemat-
ocrits of 50–60% during exercise, no one knows what
happens to a horse’s cardiovascular system if the normal
resting hematocrit is artificially elevated to values of
70–80%.178,193 A large increase in resting hematocrit
coupled with splenic reserve mobilization may produce dan-
gerously viscous blood that may lead to sudden death during
or after exercise.178 If this increase in resting red blood cell
volume were to be coupled with lasix-induced fluid losses the
results could be devastating.178 A second major potential
problem associated with rhEPO misuse in the athletic horse is
its reactivity with the horse’s immune system.178,193 Some
horses have purportedly developed a life-threatening anemia
associated with an immune reaction to both the exogenous
rhEPO and the animal’s own EPO.178,193 Clinically, resting
hematocrit has been seen to drop below 20% in horses react-
ing to rhEPO administration with some cases requiring blood
transfusions to save the horse’s life.193

Recently studies of splenectomized and intact horses have
demonstrated that rhEPO administration in low doses causes
substantial increases in resting hematocrit, red blood cell
volume, maximal oxygen uptake, blood viscosity and selected
hemodynamic variables during incremental exercise per-
formed on a treadmill.179,194 In splenectomized horses,
administration of rhEPO in low doses (15 IU/kg) three times
a week for 3 weeks increases resting hematocrit from 37% up
to 46%.194 The resulting 13% increase in red cell volume was
associated with a 19% increase in V̇O2max and substantial
increases in blood viscosity.194 Another study of intact horses
also demonstrated that low-dose administration of rhEPO
(50 IU/kg, three times/wk for 3 wks) increases red blood cell
volume, V̇O2max and the velocity at V̇O2max.179 Viscosity was
not measured in that study; however, postexercise hemat-
ocrits were in the low 70s and considered dangerously
high.179 Horses in that study also developed antibodies to the
rhEPO (McKeever, unpublished data).
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Heart and blood vessels

The heart and blood vessels play both a paracrine and
endocrine role in the control of cardiovascular function.3

While there are several mechanisms worthy of discussion,
two hormones appear to play a major role during exercise:
atrial natriuretic peptide and the endothelins.3

Atrial natriuretic peptide (ANP)

This is a hormone produced by the heart that is important in
the regulation of blood flow and blood pressure during exer-
cise.3,195 Granules of ANP are stored within the walls of the
atria and are released during atrial stretch.3,196 Receptor sites
for ANP have been identified in the posterior pituitary, the
kidneys, vascular smooth muscle, adrenal cortex, heart and
lung.3,197 This hormone causes a rapid and profound vasodi-
lation and a pronounced natriuresis.3,197 ANP inhibits vaso-
pressin, renin and aldosterone secretion and also inhibits the
binding of aldosterone at the kidney tubule.3,197

On a practical level, ANP may be involved in accommodat-
ing the exercise-related shifts of blood volume in the
horse.3,44 Evidence for this is provided by two recent studies
which demonstrated that plasma ANP increases in a linear
fashion with increasing work intensity, from 5–10 pg/mL at
rest to plasma concentrations exceeding 60 pg/mL at speeds
eliciting V̇O2max.3,197–199 Mean ANP concentration was
strongly correlated with heart rate.197 Furthermore, ANP
increases during steady-state submaximal exercise, from 
~ 10 pg/mL at rest to a peak of 40 pg/mL at 40 min, and
remained elevated through 60 min of exertion.3,42,200

Nyman and co-workers199 presented similar peak plasma
ANP concentration during steady-state exertion and
reported that ANP concentrations were altered by hydration
status. Horses that were hyperhydrated had the highest ANP
concentrations during exercise compared to control and
hypohydrated horses.199 Another study found no differences
between arterial and mixed venous ANP concentrations, sug-
gesting that ANP is either not metabolized by the lung or is
released from the left atrium at a rate matching pulmonary
metabolism.201 Even more recent work has examined the
effects of exercise on ANP, with a special focus on its interac-
tion between fluid and electrolyte status and other endocrine
responses.69,202 The authors concluded that ANP remains
elevated post exercise and that this is a response to the exer-
cise-induced increase in circulating blood volume rather than
an interaction with vasopressin and the catecholamines.69

Endothelin

The endothelins are peptide hormones that have pronounced
effects on neuroendocrine control of cardiovascular func-
tion.203–206 The endothelins, ET-1, ET-2 and ET-3, are iso-
forms of a 21-amino acid polypeptide with pronounced
effects on both central and peripheral control of cardio-
vascular function.203–206 The three sequences of endothelin

are structurally and pharmacologically distinct, arising 
from what has been called ‘big endothelin’, a 39-amino 
acid precursor molecule.203–206 The half-life of ET-1 is very
short, only a few minutes, which is consistent with its role 
in control of vascular tone.205,206 Factors affecting the 
release and metabolism of endothelin include increased 
blood flow, vasopressin, angiotensin, shear stress and
thrombin.205–213

Many studies have shown that ET-2 and ET-3 are limited in
their vascular effects and that ET-1 has the most pronounced
effect on peripheral vascular tone.205,206,212,213 Endothelial
cells produce ET-1 exclusively205 and circulating levels of this
hormone may play a role in certain forms of hyper-
tension.205,206,214 ET-1 and ET-2 (to a minor degree) are
potent vasoconstrictors that can increase systemic arterial
blood pressure and pulmonary arterial blood pressure and
cause alterations in cardiac output and the distribution of
blood flow in the peripheral circulation.205,206 Thus, ET-1
may affect the redistribution of blood flow and control of
blood pressure during exercise. ET-3 appears to play a role in
modulating the release of vasopressin from the hypo-
thalamus, and Rossi205 has shown that ET-3 amplifies free
water excretion independent of renal and systemic hemo-
dynamic and osmotic clearance and/or circulating vaso-
pressin concentrations.

Resting plasma concentrations of immunoreactive ET-1
measured in horses appear to be similar to the relatively low
concentrations reported for other mammalian species such
as the rat, dog, pig, cow and man205,206,210,213,215,217 and
horses.198,204,218–221 Studies of ET-1 in horses have focused
primarily on either understanding its role in horses with res-
piratory disease218–221 or aging.198,204 In some of those
studies, ET-1 was found to be elevated in blood and bronchio-
lar alveolar lavage fluid in resting horses with respiratory
disease.219,220 Many recent experiments have only reported
on samples obtained either before and after exertion219,220 or
at rest and at the speed eliciting V̇O2max.204 However, one
recent study has examined plasma ET-1 concentrations in the
horse during exercise rather than just collecting blood
samples before and after exercise.204 Samples taken while the
horses were running a GXT revealed that during exercise
there were no changes in plasma ET-1 concentration and
there were no alterations due to increases in work.204

Interestingly, while plasma ET-1 concentration did not
change with increases in exercise intensity, it did increase
substantially in samples collected immediately after the exer-
cise stimulus was withdrawn and in blood collected 2 min fol-
lowing cessation of running.204 However, plasma ET-1
concentrations were back to normal by 10 min.204 This rapid
response may be physiologically significant as it coincides
with the rapid recovery and transient decreases in cardio-
vascular function reported in other studies of horses 
that have involved protocols with a quick stop of the 
treadmill.3,68

Similar postexertion increases in plasma ET-1 concen-
tration have also been reported in studies of normal humans
and in studies where the subjects had various diseases affect-
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ing the vasculature.211–213,216 In one of those experiments
even greater increases in plasma ET-1 concentrations were
seen in dehydrated humans.217 The greater increase in
plasma ET-1 concentration due to volume depletion supports
the suggestion that ET-1 plays a role in the modulation of
vascular tone in the defense of mean arterial pressure.206

Thus, the postexertion increase in plasma ET-1 concentration
observed in horses204 sampled before and after exercise is
consistent with previously published reports on the hemody-
namic and endocrine responses to exercise in horses.3,62,228

An increase in plasma ET-1 concentration following rapid
cessation of prolonged exercise, at a time when postexertion
blood pressure would be expected to fall, fits with the neuro-
endocrine response to other perturbations affecting vascular
fluid volume, cardiac filling pressure and mean arterial
pressure. This would be an appropriate response in the
regulation of cardiovascular function during the transition
from exertion to recovery when heart rate, cardiac output
and blood pressure are declining rapidly in the face of
exercise-induced vasodilation of vascular beds supplying the
muscles.64

A great deal of information has been published document-
ing elevated resting plasma ET-1 concentrations in humans
and rats with diseases, in particular in humans with COPD
and pulmonary hypertension.203,206,210,211,213–223 Data
reported by Benamou et al219 demonstrated that postexercise
ET-1 concentrations were substantially elevated in the bron-
choalveolar lavage fluid of horses with EIPH. In another
study Benamou et al218 demonstrated that ET-1 type A recep-
tors mediate the vasoconstrictor action of ET-1 in the pul-
monary and systemic circulations of the horse. However,
data from another study221 suggest that ET-1 is not a media-
tor of the acute hypoxic pulmonary hypertension response to
exercise, but may serve as a modulator of the acute response
or slower phase of hypoxic pulmonary hypertension response
to exercise. More work is needed to determine if ET-1 plays a
role in the etiology of exercise-induced pulmonary hemor-
rhage (EIPH), especially since some feel that increases in pul-
monary artery pressure during exercise may contribute to
EIPH.223,224

Gonads and reproductive hormones

The reproductive hormones are essential for the health and
well-being of a mare or stallion. However, exercise perform-
ance is not affected per se by the reproductive hormones.
Nevertheless, recent human research has focused a great
deal of attention on the effects of exercise on the female
reproductive cycle and the interaction of prolactin, LH, FSH,
estrogen and �-endorphin.5 Human work has also examined
the effects of acute exercise on the health of pregnant
women. More work is needed in the horse to determine if
exertion affects these hormones, especially in endurance
horses and in pleasure horses that are ridden while they are
in foal.

Endocrine mediation of
short-term control of 
cardiovascular function

The cardiovascular response to exercise is dependent on a
multisystem defense of blood volume, MAP and plasma
tonicity.3 These mechanisms insure adequate blood flow to
the working muscles and obligate tissues along with the 
provision of adequate fluid volume for sweating and thermo-
regulation.1,3,5,38–40 The maintenance of cardiovascular
homeostasis during exercise is mediated by neuroendocrine
mechanisms which insure the system can meet the increased
demand for blood flow to the working muscles during
exercise.1,3,38–40

The anticipation of exercise in humans and horses can
invoke a withdrawal of parasympathetic control and an
increase in sympathetic nervous activity resulting in an
increase in heart rate, force of contraction, stroke volume
and cardiac output. Rowell4 suggests that the ‘range of
parasympathetic control of the heart by central command
determines the level of exercise at which the activation of the
sympathetic nervous system occurs’. In horses, resting HR
averages 30–40 bpm.3 Initial increases in heart rate up 
to ~120 bpm are associated with the withdrawal of para-
sympathetic tone.3 However, further increases in HR during
exercise, up to maximal HR between 200 and 240 bpm, are
associated with increases in sympathetic activity and cate-
cholamine release.3 This increase in HR, coupled with
increased stroke volume from 0.7 L at rest to almost 2 L,
results in a rise in cardiac output from an average of
30 L/min at rest up to nearly 300 L/min during maximal
exercise.3 The cardiovascular system responds to exercise
with dramatic increases in heart rate and force of cardiac
contraction and subsequent increases in stroke volume and
cardiac output.4 These central cardiovascular responses are
rapid and concurrent with venoconstriction and arterial
vasodilation in the working muscles.4

Adjustments in peripheral vascular resistance that are
mediated by the cardiopulmonary baroreflex cause a redistri-
bution of blood volume from ‘storage’ in highly compliant
venous capacitance vessels into the arterial side of the car-
diovascular system, enhancing venous return.4 In the horse
there is the added component of splenic reserve mobilization
which further enhances venous return and circulating red
cell volume.3,58 Splenic contraction is mediated by direct
stimulation from the sympathetic nervous system, through
the action of norepinephrine and epinephrine on �-
adrenergic receptors.58 From 6 to 12 liters of blood can be
delivered into the central circulation at the onset of exercise,
allowing the equine athlete to reach a maximal aerobic
capacity (145–200 mL/kg/min in fit horses) that is almost
three times greater than that of human athletes.3,58 This
extra volume is rapidly accommodated through arterial
vasodilation which is mediated by increases in sympathetic

807
35 Endocrine alterations in the equine athlete



neural outflow and ANP and through local chemoreceptor
mechanisms.3,44 Resequestration of the splenic reserve is pre-
vented by the action of vasopressin and the catecholamines
on splenic arterioles.46

Mean arterial blood pressure increases with exercise
intensity, a response essential for increasing cardiac output in
the face of decreases in resistance in the vascular beds of the
working muscles. Rowell4 suggests that in addition to input
from the cardiopulmonary baroreceptors, a functional ar-
terial baroreflex and muscle chemoreflexes are essential for
the regulation of heart rate, cardiac output and arterial pres-
sure during exercise. Rowell4 further suggests that the oper-
ating point of the arterial baroreflex is ‘reset during dynamic
exercise with adjustments in autonomic tone to compensate
for the mismatch between cardiac output and vascular
conductance’.

Modulation of the blood flow and blood pressure response
to exercise involves input from both the high- and low-
pressure baroreceptors. The low-pressure (cardiopulmonary)
baroreceptors are volume receptors located primarily within
the atria and the pulmonary circulation.3,4 At the start of
exercise, increased venous return results in atrial stretch,
eliciting a neuroendocrine response by the cardiopulmonary
baroreceptors. Nerves within the atria serve as stretch re-
ceptors, sensing volume overload or underload. The output
from these nerves is conducted centrally via vagal afferents
and integrated into the central control of peripheral vascular
tone.3,4 The endocrine component of this baroreflex involves
the release of ANP, a hormone with potent vasodilatory
properties and a reflex decrease in vasopressin release.3,195

Even with the mobilization of reserve blood volume, the
demands of high-intensity or long-duration exercise may
exceed central cardiovascular capacity. Baroreceptor control of
arterial tone becomes vital to the maintenance of cardiac
output and MAP and sympathetic-induced vasoconstriction
decreases blood flow to non-obligate tissues during high-
intensity exercise.3,4 This response is even more pronounced
during long-term exercise when fluid losses associated with
sweating compromise vascular fluid volume and venous
return. Without replacement or compensation, decreases in
venous return associated with fluid losses can cause a decrease
in cardiac output and decreased blood flow to the working
muscles and to the vascular beds associated with thermo-
regulation.3,4,40 To maintain MAP, the body compensates by
increasing heart rate and contractility, a phenomenon termed
cardiovascular ‘drift’ that is associated with an increase in
sympathetic activity and circulating catecholamines.57

Exercise training produces chronic adaptations in the car-
diovascular system that are mediated through changes in
neuroendocrine control.3,37,38,40 Work from several species
has shown that exercise training produces an expansion of
plasma volume.40,65,72,225 Trained horses have significantly
greater blood volumes than untrained horses40,58,65,72 with
increases in plasma volume of 30% observed after only 
1 week of exercise training. Humans show significant alter-
ations in sodium and water excretion that are attributable to
repeated exercise-induced increases in plasma aldosterone
concentration.40 In the one study of the hypervolemic

response in horses, the authors reported no change in resting
plasma aldosterone concentration or sodium excretion; how-
ever, their measurements were taken at 1-week intervals and
may have missed changes in sodium excretion that are
reported to occur in the first days of training in humans.65

A more recent study that focused on changes occurring
during the first days of training demonstrates that plasma
aldosterone concentration remains elevated for almost 
24 hours during the first days of training.72 It appeared that,
as in humans, an aldosterone-mediated retention of sodium
and water by the kidneys and digestive tract is a vital part of
the hypervolemic response to training in the horse.40,72

Endocrine control of 
metabolism during acute
exercise

Performance of exercise requires the transduction of poten-
tial or stored energy into kinetic energy and the endocrine
system plays an integral role in the co-ordination of the
mobilization and utilization of carbohydrates and free fatty
acids.226,227 The need for a rapid provision of metabolic sub-
strates to fuel exercise and to prevent central fatigue is facili-
tated by a rapid increase in sympathetic drive and the rate of
catecholamine release from the adrenal medulla. The degree
of this response is correlated with both exercise intensity and
duration.2,5,20 At the onset of exercise the catecholamines
(epinephrine and norepinephrine) act on the liver and
muscles to increase the rate of glycogen breakdown
(glycogenolysis).2,5,20 This results in an increase in circulating
blood glucose concentrations. The catecholamines also stim-
ulate the release of hormone-sensitive lipase which acts on
triglycerides to mobilize free fatty acids.2,5,20 The latter are
important for endurance activities where the use of fat to fuel
exercise spares glycogen by offsetting the amount of glucose
needed to fuel the activity.2,5,20 However, fat cannot be used
alone as a fuel source as ‘fat burns in the flame of car-
bohydrates’. An increase in circulating catecholamines also
inhibits insulin and stimulates glucagon release. As with the
catecholamines, glucagon also stimulates gluconeogenesis
and inhibits glycogenesis,2,5,20 thus playing an important role
in maintaining blood glucose concentrations during exercise
and delaying the onset of fatigue.2,5,20 Glucagon can also
stimulate the breakdown of protein and release of amino
acids which can be used as a fuel source by the liver.2,5,20 The
effects of the catecholamines and glucagon can be aug-
mented by the release of cortisol. The latter is affected by the
intensity and duration of the activity.2,5,20 Cortisol thus is a
metabolic hormone that stimulates gluconeogenesis, fatty
acid mobilization and protein breakdown. In the case of the
latter, amino acids not used to fuel exercise may provide
resources for the synthesis of new proteins needed to repair
muscle and replace enzymes used in the various metabolic
pathways.2,5,20
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and delay the onset of fatigue. On the other hand, for a race
horse the consumption of a meal within 1–2 hours of the
race start is less likely to substantially impact energy use and
athletic performance.

This chapter provides an overview of the nutritional needs
of athletic horses with suggested feeding strategies to meet
these requirements. The dietary management of horses with
chronic exertional rhabdomyolysis and the putative role of
ergogenic feeding strategies and nutritional supplements are
also discussed.

Nutrient goals

The overall goal of diet formulation is to develop a ration that
delivers optimal amounts of all essential nutrients. The 1989
edition of the National Research Council’s (NRC) Nutrient
requirements of horses provides nutritional recommendations
for all classes of horses, including those undertaking regular
physical activity.1 However, it is important to realize that
these recommendations are considered to be minimal rather
than optimal requirements. It should also be noted that there
has been considerable research in the area of athletic horse
nutrition since the last NRC publication, most notably in the
area of dietary energy sources. Thus, while the 1989 NRC
recommendations still provide a framework for ration formu-
lation and evaluation, many nutritionists have developed
their own set of nutrient standards that, based on more
recent scientific literature and practical experience, provide
optimal ranges of nutrients relative to the horse’s physiologic
state.

Energy

Undoubtedly, the most profound nutritional effect of regular
physical activity is an increase in dietary energy needs
relative to non-working horses. For bodyweight to be main-
tained, athletic horses must consume enough energy to cover

The owners, trainers and riders of horses engaged in compet-
itive athletic events are motivated to apply management
strategies that provide a performance advantage during com-
petition. Such strategies may include novel nutritional inter-
ventions administered before or during an event. Although
there may be merit in some of these approaches, more realis-
tically nutrition has a larger impact on performance by sup-
porting consistent conditioning and thereby promoting the
physiologic and biochemical adaptations that will ultimately
result in improved athletic performance. For any athletic
horse, the primary goals of nutritional management should
include:

● provision of substrates for maintenance of bodyweight
and replenishment of energy reserves in working muscle
and other tissues

● promotion of tissue adaptation, growth and repair
● promotion of general health and well-being
● application of competition feeding strategies appropriate

to the athletic task.

Although these same general principles apply to all eques-
trian sports, actual feeding strategies may vary widely
because of the different demands of training and competi-
tion. For example, whereas the consumption of a high-fiber
(roughage) diet may be of benefit to an endurance horse via
promotion of a large fluid reservoir in the hindgut, this strat-
egy is not desirable in a race horse because excess gut fill may
be energetically disadvantageous during high-intensity exer-
cise. Similarly, the rationale for nutritional intervention
immediately before and/or during competition will differ
between disciplines. For an endurance athlete, feed consump-
tion before and during a race may enhance energy supply
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‘maintenance’ energy costs together with the energy costs
associated with physical activity and the building and repair
of muscle tissue. There are two primary considerations with
respect to dietary energy in athletic horses: provision of
sufficient energy to maintain bodyweight and condition; and
the sources of energy (fiber and non-fiber carbohydrates, fats
and oils, proteins) in the diet. The latter impacts body sub-
strate stores, the metabolic response to exercise and, poten-
tially, athletic performance. These issues are discussed later in
the chapter (see Feeds for attainment of nutritional goals).

Estimating energy requirements

In most parts of the world, both energy requirements and the
energy content of feeds are evaluated as digestible energy (DE).
In North America, the horse industry uses the kilocalorie
(kcal) as the standard unit of energy, whereas use of the kilo-
joule (kJ) predominates in Europe and much of the rest of the
world (4.184 kJ = 1 kcal). Digestible energy is expressed as
kcal (or kJ) per gram of substance or Mcal (or MJ) per kg.

Several definitions of the energy requirements for mainte-
nance have been used. These include: the daily food intake
that maintains constant bodyweight and composition of a
mature horse with zero energy retention at a defined level of
activity; and the amount of DE required for zero bodyweight
change plus normal activity of non-working horses. The
work of Pagan & Hintz2 indicated that maintenance energy
requirements varied linearly with bodyweight and not with
metabolic body size (W0.75). Therefore, these researchers
developed the following equation for prediction of mainte-
nance energy requirements of horses weighing 100–600 kg:

DE (Mcal/day) = 1.4 + 0.03 W

where W is the weight (kg) of the horse. This equation over-
estimates the energy needs of large horses (< 600 kg) and
ponies and miniature horses, and this author uses W0.75

when estimating the maintenance energy needs of these
animals. Alternatively, the NRC recommends that the follow-
ing equation be used for estimating the maintenance require-
ment of horses with mature weights of more than 600 kg:

DE (Mcal/day) = 1.82 + 0.0383 W – 0.000015 W2

Several factors can influence maintenance energy require-
ments, including the age, breed, gender and temperament of
the horse, the level of activity, ambient conditions, and diet
composition. Logically, therefore, ‘book values’ for mainte-
nance energy needs based on these and other equations
should only be considered a guide.

Similarly, there are no practical means for precise determi-
nation of the additional energy requirements of horses in
exercise training. The intensity and duration of exercise,
terrain, the weight of the rider and tack, the ability of the
rider, the level of training of the horse, environmental condi-
tions and diet composition will all influence overall energy
needs. Pagan & Hintz3 developed a prediction equation for the
estimation of the DE required above maintenance using
oxygen consumption (V

•

O2) data collected from horses
running on a level track:

DE (kcal per kilogram of horse, rider and tack) 
= {[e(3.02 + 0.0065 Y) – 13.92] × 0.06}/0.57

where Y is the speed (meters per minute) and 0.57 accounts
for the efficiency of utilization of DE. Although this equation
may be useful for horses exercising on level ground and an
even surface, the wider applicability of this approach is ques-
tionable given the need to measure running speed and the
variation in terrain and footing conditions in which horses
train and compete. Use of the equation developed by Pagan &
Hintz3 underestimated by 30–35% the daily energy require-
ment of horses exercised on a treadmill for 60–75 min at
50% of maximum aerobic capacity (V̇O2max).4,5 In the future,
the availability of systems for valid field measurements of
oxygen consumption in horses undertaking different exercise
tasks under a variety of conditions may facilitate develop-
ment of more precise prediction equations. However, it is
unlikely that such equations will account for all of the factors
influencing energy requirements. As such, ongoing clinical
assessment of bodyweight and condition will remain the
most practical means for assessment of energy balance in
horses.

In 1989 the NRC recommended that daily energy intake
be increased 25%, 50% and 100% above maintenance
requirements for horses performing, respectively, light, mod-
erate and intense work. These recommendations were based
on data from experimental studies, feeding surveys and prac-
tical experience. Light work might include equitation and
other forms of pleasure riding, while horses engaged in
racing, hunting, three-day events and endurance racing
would fall into the intense category (Table 36.1). Although
these guidelines are clearly very general in nature, the results
of field studies in working horses have provided evidence that
the 1989 NRC recommendations are a useful guide for esti-
mation of energy needs in horses in moderate and intense
work.6,7 For Standardbreds (mean bodyweight [bwt] of
approximately 450 kg) and Thoroughbreds (mean bwt
500 kg) in race training, the NRC recommendations are
28.8 Mcal/day and 33 Mcal/day.1 Consistent with these
recommendations, Gallagher and co-workers estimated 
DE intakes of 28–31 Mcal/day for Standardbreds8 and
31–36 Mcal/day for Thoroughbreds6 in North American
race stables. Similar DE intakes were reported for Australian
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Activity* Examples DE requirement 
(Mcal/day)+

Maintenance Horse at pasture 16–17
Light Pleasure riding, equitation 20–21
Moderate Reining, showjumper or 25–26

hunter
Intense Race horse, three-day event, 32–34

endurance

* According to the 1989 NRC classification of activity level
+ Mcal = megacalorie

Table 36.1 Estimated digestible energy (DE) requirements for 
a 500 kg horse at four different levels of activity



Standardbred and Thoroughbred race horses.7 Taylor et al9

reported that 420 kg Arabian horses undergoing treadmill
exercise 3–4 days per week maintained bodyweight when fed
19–22 Mcal DE/day, equivalent to the NRC recommendation
for horses in moderate work.

The effects of body condition and
composition on athletic performance

In humans, there is a strong inverse relationship between
body fat content and both sprint and endurance running per-
formance. Although data from horses are limited, there also
is evidence that body composition is an important determi-
nant of athletic performance. Kearns et al10 used B-mode
ultrasound of the rump area to calculate percentage of body
fat and fat free mass (FFM) in 14 racing Standardbreds. Males
had less fat mass (7.4% bwt) when compared to the females
(9.9% fat). Interestingly, percentage fat mass was negatively
correlated to race performance in the males but not the
female horses of the study, a finding consistent with data in
humans. However, for both genders, FFM was negatively cor-
related with race time (i.e. the higher the FFM, the shorter the
race time). The authors concluded that while a low fat mass
is beneficial to race performance, it is more important to
possess a larger FFM.10 A larger FFM is indicative of a greater
muscle mass and, therefore, greater potential force develop-
ment. Using similar methodology, this research group has
demonstrated that maximum aerobic capacity (V̇O2max) is also
significantly related to FFM, independent of body mass.11

Lawrence and colleagues12 also used rump ultrasound to
assess the relationship between body composition and
endurance race performance. The average body fat content of
the horses of this study (7.8%) was similar to that reported by
Kearns et al10 for Standardbred race horses. Top finishers in a

150-mile race had a lower fat mass (by approximately 20 kg)
when compared to horses that could not complete the event.
Taken together, the results of these studies provide evidence
that excess body fat is detrimental to sprint and endurance
running performance.

On a more practical level, condition scoring is a useful clin-
ical tool for the assessment of body fatness. Although several
scoring systems have been used, the version developed by
Henneke and colleagues at the Texas A & M University is the
most widely used (Table 36.2).13 There are a few studies that
have reported body condition score (BCS) in horses involved
in different activities. In the aforementioned study by
Lawrence and co-workers,12 the mean BCS of horses in an
endurance race was 4.67 (using the 1–9 scale). Gallagher et
al reported that Standardbred and Thoroughbred horses in
training had, respectively, mean BCS of 5.7 and 5.0.6,8

Recent studies of endurance horses competing in the 100-
mile Tevis Cup have provided evidence of a relationship
between condition score and race performance.14 The mean
BCS of horses that successfully completed the rides was 4.5,
whereas horses that were eliminated for metabolic failure
(e.g. colic, heat exhaustion, synchronous diaphragmatic
flutter or tying up) had a mean condition score of 2.9. Horses
that were eliminated for non-metabolic reasons such as lame-
ness and overtime had a mean condition score of 4.3. The
researchers were careful to point out that their results may
not apply to endurance competition as a whole, given the
difficult nature of the Tevis Cup course. Nonetheless, the
implication from these studies is that there is an optimal level
of ‘fatness’ for horses competing in endurance events and
that training and feeding programs need to be adjusted
accordingly. Endurance performance of horses with a low
BCS (e.g. < 3) may be limited by the supply of energy from fat
reserves. In addition, a loss of lean tissue (muscle mass) may
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Condition Score Description

Poor 1 Severe emaciation; bone structure is prominent, including cervical
and lumbar vertebrae

Very thin 2 Emaciation; bone structure is still prominent but cervical vertebrae
barely visible

Thin 3 Neck thin; junction of neck, withers and shoulder accentuated; pelvic
structure remains prominent; transverse processes of lumbar vertebrae
cannot be palpated

Moderately thin 4 Ribs prominent; spine still apparent but not individual vertebrae; neck,
withers and shoulder normal

Moderate 5 Ribs are not visible but easily palpated; neck blends smoothly into 
withers and shoulder; flat back

Moderately fleshy 6 Neck, shoulder and withers appear more filled and rounded; back area
may have slight depression (crease) along spine; tailhead and ribs with 
some flesh coverage

Fleshy 7 Fat deposited over withers and neck; crease along spine more visible;
flesh over tailhead and ribs is prominent and soft

Fat 8 Thickened neck; well-defined crease along spine; ribs difficult to palpate;
fat accumulation over rump

Extremely fat 9 Bulging fat in neck, withers and shoulder; prominent crease down back;
patchy fat over ribs

Table 36.2 A body condition scoring system for horses (adapted from reference13)



contribute to diminished performance in horses with poor
body condition.

Although further studies are needed in horses of different
types, as a general recommendation the BCS of most athletic
horses should fall between 4 and 6. The NRC recommenda-
tions should be used as an initial guide when making recom-
mendations for DE intake in the face of changing work
demands. Subsequently, however, frequent (e.g. weekly)
assessment of bodyweight and/or BCS is necessary to deter-
mine the appropriateness of the feeding program; upward or
downward adjustments in DE intake are often needed for
maintenance of constant bodyweight. Trainers and/or
owners should target a desired bodyweight or BCS, monitor
these parameters on a weekly basis and adjust energy intake
accordingly.

Protein

The dietary protein requirement of the horse is a function of
the amino acid needs, the amino acid composition of the
dietary protein and the digestibility of the protein. Horses
have negligible ability to utilize non-protein nitrogen such
that nitrogen needs must be provided in the form of protein or
amino acids. Furthermore, it is thought that amino acids are
not absorbed intact from the large intestine. Therefore, the
horse’s essential amino acid requirements must be met from
protein sources that are digested in the small intestine.
Whether, and to what extent, regular exercise increases the
protein requirement is a controversial issue in both horse and
human nutrition. Theoretically, higher turnover of muscle
proteins in association with the rigors of regular exercise
(oxidation of amino acids during exercise, protein synthesis
to support muscle hypertrophy and tissue repair after exer-
cise) and sweat nitrogen losses should increase protein
requirements. Consistent with this hypothesis, studies in
humans have demonstrated negative nitrogen balance at the
onset of endurance training programs. However, within
7–10 days of the start of training the rate of leucine oxida-
tion is attenuated and nitrogen balance approaches equilib-
rium, indicating adaptation in protein metabolism.15 For the
resistance-trained athlete, there also appears to be a homeo-
static adaptation to the stress of exercise such that well-
trained athletes require only marginally more protein than
sedentary persons. For elite human endurance and strength
athletes, a dietary protein intake that represents 14–15% of
total energy intake (1.6–1.7 g protein/kg per day) has been
recommended.15 Protein intake above these levels has not
been shown to be beneficial to human athletic performance.

Protein requirements of horses have been expressed as a
function of bodyweight or in relation to DE intake. For main-
tenance, 1.3 g crude protein (CP) per kg bodyweight is rec-
ommended or approximately 40 g CP/Mcal DE daily. The
NRC recommended that working horses receive the same
dietary protein/calorie ratio, i.e. a race horse in intense train-
ing should consume twice the protein when compared to the
non-trained state (2.5–2.6 g CP/kg/day or approximately
12% of dry matter intake).1 This approach is practical with

respect to ration formulation and the provision of dietary
protein. However, some nutritionists have questioned the
need for such high levels of dietary protein.16,17 Specifically, it
has been suggested that CP intakes greater than
2 g/kg bwt/day are detrimental to some forms of exercise
because of the effects of excess dietary protein on heat pro-
duction, acid–base balance, water requirements and, poten-
tially, respiratory health. Oxidation of the phosphorus and
sulfur in protein adds to the acid load on the body. In this
context, Graham-Thiers and colleagues16 evaluated the
effects of a restricted protein diet (7.5% CP with added lysine
and threonine) on acid–base balance in horses in moderate
work. When compared to a 14.5% CP diet, protein restriction
resulted in a slight increase in resting blood pH and mitiga-
tion of exercise-associated acidemia during repeated sprints.
These effects may provide a performance advantage during
exercise, although the actual effect of dietary protein level on
exercise performance has not been determined.

There is evidence that dietary protein level alters urea
metabolism in horses. In one study, horses consuming
1741 g CP per day (>3 g/kg bwt) excreted more urea in
sweat and had higher plasma urea when compared to horses
consuming 836 g CP per day18 and it has been estimated that
a change in dietary CP from 10% to 15% would increase
water requirement by approximately 5% because of an obli-
gate increase in urine production for clearance of endoge-
nous urea loads.17,19 Moreover, the higher urinary urea load
could adversely affect the respiratory health of confined
horses because urea is converted to ammonia, a known res-
piratory irritant.

Further research is needed regarding the protein require-
ments of athletic horses. Currently, a 10–12% CP diet is rec-
ommended for mature athletic horses. However, the recent
studies by Graham-Thiers and co-workers16 suggest that the
1989 NRC recommendations for dietary CP intake are not
necessary for normal health and athletic function. Indeed,
there may be advantages to a lower protein diet (8–10% CP),
providing good-quality protein is fed.

Minerals and vitamins

Based on their daily requirements, minerals are usually
classified as macrominerals (e.g. calcium, phosphorus,
sodium, potassium and chloride) or trace elements (e.g. sele-
nium, iron, zinc, copper). These nutrients are important in a
large array of body functions. Several minerals and trace ele-
ments, such as magnesium, iron, zinc and copper, act as
enzyme activators in glycolysis and oxidative phosphoryla-
tion. Minerals (electrolytes) are also critical to nerve and
muscle function.

The classification of vitamins is based on their relative sol-
ubility: fat-soluble vitamins (A, D, E and K) are more soluble
in organic solvents, whereas the B vitamins and vitamin C are
more soluble in water. Most vitamins participate in processes
related to muscle contraction and energy expenditure.
Vitamins of the B complex group (e.g. thiamine, riboflavin,
vitamin B6, niacin, biotin and pantothenic acid) act as co-
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factors for enzymes regulating glycolysis, the citric acid cycle,
oxidative phosphorylation, �-oxidation of fatty acids and
amino acid catabolism. Folic acid and vitamin B12 are needed
for heme synthesis. The antioxidant vitamins (mainly vita-
mins C and E) participate in a buffer system against free
radicals.

Many trainers, owners and veterinarians perceive that
optimal mineral and vitamin nutrition is critical to successful
athletic performance. One impression is that the rigors of
training and competition promote excessive losses of these
nutrients because of increased excretion or catabolism and,
as a result, fortification of the diet is required to cover these
losses. Moreover, there is often the opinion that increased
consumption of various minerals and vitamins will improve
physical performance and health. These perceptions, together
with the aggressive marketing of supplements containing
minerals and vitamins, appear to provide impetus for the
extensive use of nutritional supplements in horses.

Macrominerals

Recommendations for macromineral (and trace mineral)
intake by mature athletic horses are presented in Table 36.3.
The requirements for dietary calcium (Ca) and phosphorus
(P) are higher in athletic horses in comparison to their seden-
tary counterparts. Diets that contain inadequate levels of
these nutrients or an imbalanced Ca:P ratio (i.e. Ca:P ratio 
< 1; high dietary P) may compromise bone integrity and pre-
dispose to injury during training and competition. Additional
Ca and P are required for deposition in bone during modeling
and remodeling, processes that are upregulated by the
loading imposed on the bones of the limbs during exercise. It
is also possible that calcium losses in sweat increase dietary
requirements. However, assuming a calcium concentration

in sweat of 100–120 mg per liter and daily sweat losses of
10 liters, these losses may be no more than 1–2 g per day.

With respect to Ca and P requirements, the 1989 guide-
lines furnished by the NRC1 assumed that if the nutrient:
calorie ratio of the ration was maintained, the increase in
feed intake needed to meet DE requirements for work would
also supply the calcium required to replace sweat losses and
support bone formation. However, the calcium needs of
young horses in training (< 2 years) may be higher in com-
parison to mature athletic horses because of greater Ca
turnover in bone.20,21 Nolan and colleagues21 reported that
the training-associated increase in bone density in young
Quarter Horses was enhanced by the consumption of diets
that provided 150–170% of the NRC (1989) recommenda-
tions for Ca. In line with these findings, it has recently been
suggested that diets for young horses in training should
contain at least 0.4–0.45% Ca (versus the NRC recommenda-
tion of 0.34% Ca).20 Higher levels of dietary calcium may
also be beneficial in older horses. In one study, the increase in
the mineral content of the metacarpus, assessed by radi-
ographic photometry, in response to 12 weeks of treadmill
training was greater in horses receiving a diet containing
0.7% Ca when compared to the current recommendation of
0.34%.22

Close attention should be paid to Ca:P balance in horse
rations; the Ca:P ratio should be at least 1:1. It is not uncom-
mon for athletic horses to be fed a diet with an improper Ca:P
balance. This is particularly true for horses fed high cereal
grain (not fortified with minerals), low roughage diets
because most cereals are low in Ca and high in P. Although
most grass hays contain moderate Ca content, the quantities
fed may be insufficient to balance the low Ca content of the
grain, resulting in an inverted Ca:P ratio (< 1). This type of
ration can result in bone demineralization and pathology.23

This problem can be averted by provision of a supplemental
source of Ca or by including some legume hay in the diet. On
the other hand, the Ca:P ratio of diets containing large
amounts of legume hay can be greater than 3–5:1. However,
such diets appear to be well tolerated by mature horses.

The NRC guidelines for Ca and P nutrition are based on the
assumption that the efficiency of absorption for Ca and P is
50% and 35% respectively. However, several factors can
influence the efficiency of absorption of these nutrients,
including the Ca:P ratio, the form of Ca or P, the level of
intake and the presence of inhibitors such as phytate and
oxalate. Grains and cereal hays are high in phytates, while
some tropical grasses are high in oxalates such that the
efficiency of digestion and absorption of Ca and P in these
feedstuffs is low. On the other hand, the efficiency of absorp-
tion of inorganic source Ca and P (e.g. calcium carbonate,
dicalcium phosphate) may approach 70%. Due to the high
variability in the availability of Ca and P from organic
sources, most commercial horse feeds use inorganic sources
of Ca and P to ensure adequate dietary levels of these nutri-
ents. Similarly, inorganic forms of Ca and P should be added
to ‘homemade’ rations for athletic horses (Table 36.4).

Scant data are available regarding the magnesium (Mg)
requirements of athletic horses. In one study of endurance
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Mineral Maintenance Exercise

Sodium (g) 10 30–50¶
Potassium (g) 25 40–75¶
Chloride (g) 15 50–150¶
Calcium (g) 20 35–40
Phosphorus (g) 15 25–27
Magnesium (g) 7.5–9 10–15
Iron (mg) 320 460
Copper (mg) 80 115
Manganese (mg) 320 460
Zinc (mg) 400 575
Selenium (mg) 0.8–1.0 2.3–3.0
Iodine (mg) 0.8 1.15
Cobalt (mg) 0.8 1.15

* Assumes a dry matter intake of approximately 8 kg/day for maintenance
and 11.5 kg/day for work.
¶ The sodium, potassium and chloride requirements of working horses
are, in part, dependent on the extent of sweat fluid losses.The upper end
of these values is recommended for horses in intense training in warm
climates and during the summer months.

Table 36.3 Estimated daily mineral needs of a 500 kg* horse 
at maintenance and in moderate-to-intense exercise training
(adapted from references1,40)



horses, serum magnesium concentrations were unchanged
after an 80 km race.24 Muscle (intracellular) magnesium
content was unchanged in horses after intense trotting over
2600 m.25 However, athletic horses may have slightly increased
requirements for dietary magnesium to cover sweat losses
(equine sweat contains 100–120 mg magnesium per liter). The
NRC1 recommends 0.1% dietary magnesium for maintenance
or approximately 7.5–9 g/day based on a daily DM intake of
7.5–9.0 kg. As the magnesium content of feeds commonly con-
sumed by horses is 0.1–0.3%, typical daily intake by athletic
horses will be much greater than 7.5–9 g/day and should cover
daily losses associated with sweating.

The dietary requirements for sodium, potassium and chlo-
ride are increased by physical activity because of the sub-
stantial sweat loss of these ions. The extent of these losses will
depend on the intensity and duration of exercise, the training
and heat acclimation status of the horse and the ambient
conditions. A more detailed discussion on the effects of exer-
cise on fluid and ion balance, strategies for electrolyte replace-
ment and daily electrolyte requirements can be found
elsewhere in this book.

Trace minerals

Few data exist regarding the effects of regular physical activ-
ity in horses on trace mineral requirements. With the excep-
tion of selenium, clinical signs consistent with a trace
mineral deficiency are rare in horses fed typical diets.
Nonetheless, several of the trace minerals are routinely sup-
plemented to working horses. Most notably, iron, often in
combination with copper, zinc and some of the vitamins, is
widely given to athletic horses because of the perception that
the provision of these nutrients will enhance erythropoiesis
and oxygen-carrying capacity. In reality, there is no evidence
that this practice results in altered red cell number or hemo-
globin concentration, and iron deficiency anemia is a rare
diagnosis in horses. Daily Fe losses of horses in training have
not been reported. However, sweat contains a small amount
of iron and other trace minerals such as zinc. Therefore, there
is some rationale for increased provision of dietary Fe in
working horses. Practically, however, common horse feed-
stuffs provide iron well in excess of requirements. The NRC
maintenance requirement for iron is 40 mg/kg of diet (DM
basis) or approximately 0.65 mg/kg bwt/day (320 mg/day
for a 500 kg horse).1 Forages usually contain 100 mg Fe per
kg DM and most grains more than 50 mg per kg DM. Thus, a

diet of 6 kg of hay and 5 kg of grain concentrate for a 500 kg
working horse would provide approximately 850 mg Fe.

Selenium is a functional component of the intracellular
enzyme glutathione peroxidase and, in concert with vitamin
E, is important in the defense of cells against oxidant stress.
Selenium deficiency is associated with development of nutri-
tional myodegeneration. Selenium is also essential for the
development of acquired immunity. Whether regular physi-
cal activity increases the Se requirements of horses is not
known. However, single bouts of exercise26 have been
reported to increase erythrocyte glutathione peroxidase
activity. This increase in enzyme activity may be a reflection
of an increase in demand on this antioxidant system and,
perhaps, an indication that working horses have higher Se
needs relative to idle horses. The 1989 NRC1 concluded that
the Se requirement for mature idle horses was 0.1 ppm on a
dry matter basis (0.1 mg/kg diet). Yet, many nutritionists
now favor higher dietary Se for idle and working horses, in
the range of 0.2–0.3 ppm, to account for variation in the
efficiency of selenium digestibility and utilization and
increased work demands (Table 36.3).

Vitamins

There is very limited information regarding the vitamin
requirements of horses and even fewer data concerning the
effects of habitual exercise on these requirements. Microbes
in the large intestine synthesize the B vitamins and absorp-
tion from the large intestine has been demonstrated for
several of the B vitamins.27 In addition, an ample supply of
the B-complex vitamins, with the exception of vitamin B12, is
provided by good-quality forage. Therefore, a combination of
dietary intake and microbial synthesis in the hindgut should
meet the B vitamin requirements of horses.

In recent years, there has been considerable interest
regarding the role of vitamins C and E (and other antioxidant
nutrients such as β-carotene and lipoic acid) in the mitigation
of oxidative stress and lipid peroxidation in horses during
exertion. Vitamins E (�-tocopherol) and C, along with glu-
tathione, are important non-enzymatic antioxidants.
Vitamin E is a lipid-soluble scavenger of reactive oxygen
species (ROS) that is located in cell membranes, while vitamin
C is located in the aqueous phase of cells where it scavenges
free radicals and recycles vitamin E to its active form.28

Exercise causes a dramatic increase in oxidative metabo-
lism and, therefore, the production of ROS. During prolonged
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Supplement Calcium (%) Phosphorus (%) Magnesium (%) Sulfur (%)

Calcium carbonate 39 – 0.05 –
Limestone 34 0.02 2.1 0.04
Oyster shells, ground 38 – 0.3 –
Dicalcium phosphate 22 19 – –
Monosodium phosphate – 22 – –
Magnesium oxide 0–3 – 51–59 –

Table 36.4 The composition of selected calcium and phosphorus supplements



and/or strenuous exercise, the extent of ROS production may
overwhelm antioxidant systems such that the susceptibility of
cells and tissues to damage by ROS (lipid peroxidation) is
enhanced, particularly in animals with inadequate endoge-
nous stores of the antioxidant nutrients. Several research
groups have investigated the relationship between exercise
and plasma markers of oxidative stress in horses. For
example, Hargreaves et al26 reported an association between
muscle cell ‘leakage’ (exercise-associated increases in the
activities of creatine kinase [CK] and aspartate aminotrans-
ferase [AST]) and indices of antioxidant status in horses
during 80 and 160 km endurance races. Specifically, plasma
vitamin C and erythrocyte glutathione concentrations
decreased during the races, while erythrocyte glutathione
peroxidase was increased. On the other hand, Marlin and col-
leagues29 reported no change in plasma vitamin C after a
140 km race, but significant decreases after 16 h of recovery.
In both studies, no changes in plasma �-tocopherol concen-
trations were detected. However, Marlin et al29 demonstrated
a negative correlation between pre-race plasma �-tocopherol
and total red cell glutathione and end competition total bar-
bituric acid reactive substances (TBARS), and suggested that
horses with low antioxidant reserves may be more prone to
lipid peroxidation from ROS during endurance exercise.

The NRC1 recommended a dietary vitamin E concen-
tration of 80–100 IU/kg DM for all classes of horses.
Whether or not higher amounts of dietary vitamin E are
beneficial in athletic horses is unresolved. Siciliano et al30

demonstrated a decrease in plasma and muscle �-tocopherol
concentrations in working horses fed a diet supplemented
with 80 IU �-tocopherol per kg DM, whereas plasma concen-
trations were maintained when horses were supplemented
with 300 IU/kg DM. Similarly, plasma concentrations of
�-tocopherol were significantly higher in hard-working polo
ponies fed a diet providing 300% of the current NRC recom-
mendation for vitamin E (240 IU/kg versus 80 IU/kg diet).31

In both studies, however, there was no association between
dietary vitamin E and the serum activities of CK and AST in
response to exercise. Further research is needed to better
define the vitamin E requirements for different classes of ath-
letic horse. In the meanwhile, it is recommended that athletic
horses be fed a diet providing at least 100 IU vitamin E per kg
DM. Intensely working horses (e.g. race and endurance
horses) may benefit from higher levels of vitamin E
(200–250 IU/kg diet). Most equine feedstuffs contain less
than 50 IU/kg DM. Therefore, supplemental vitamin E must
be added to horse rations to meet requirements.

As horses have L-gluconolactone oxidase, the enzyme
required for the synthesis of vitamin C (ascorbic acid) from
glucose, there is no dietary requirement for this nutrient.
However, the demand for ascorbic acid may be increased by
regular exercise because it is thought to spare tissue vitamin
E by reducing the tocopheroxyl radical and restoring the
radical scavenging activity of vitamin E.32 Although there
have been several studies on the effects of ascorbic acid
metabolism and supplementation in athletic horses,29,31,33–35

no consensus has emerged regarding a dietary requirement
for horses under performance stress. Dietary supplementa-

tion with ascorbic acid (5–10 g/day) does result in higher
serum ascorbate concentrations relative to non-
supplemented horses.29,31 However, the effects of these higher
ascorbate concentrations remain unclear. In two equine studies,
there was no effect of ascorbic acid supplementation on exer-
cise-induced increases in serum CK activity.31,33 One concern
with high-level ascorbic acid supplementation is the potential
for suppression of endogenous synthesis.

Water

The NRC guidelines recommend 2–4 liters of water per kg of
DM intake.1 However, diet, ambient conditions and level of
activity will modify these needs. Horses maintained on an all-
forage diet will consume approximately 3.6 liters of water per
kg of DM intake, whereas the water-to-feed ratio for horses
fed a typical hay and grain diet is about 3:1.1 Water intake by
horses living in warm climates (> 25–30°C daytime temper-
ature) may be increased by 15–30%, whereas heavy work in
warm to hot ambient conditions may increase the need for
water by as much as 200–300% due to large sweat fluid
losses.

Feeds for attainment of 
nutritional goals

For horses in training, a combination of forage and energy
concentrate is generally required to achieve nutritional goals.
In some situations, a vitamin-mineral supplement is added to
the ration. Several guiding nutritional principles should be
used in the development of a feeding program for an athletic
horse. In general, the main considerations in ration formula-
tion are:

● provision of adequate fiber (roughage) to maintain normal
gut and digestive function (and perhaps limit the develop-
ment of behavioral disturbances)

● targeting an overall energy density that will allow energy
requirements to be met at typical fed intakes

● supplying sufficient hydrolyzable carbohydrate to main-
tain muscle glycogen concentrations

● provision of the optimal amounts and balance of the other
essential nutrients (i.e. protein, minerals, vitamins)

● the inclusion of only the highest quality feedstuffs.

The four main sources of energy in horse rations are:

1. fermentable carbohydrates (components of dietary fiber or
roughage, including hemicellulose, that cannot be
digested by mammalian enzymes but can be fermented by
micro-organisms, primarily in the hindgut, i.e. cecum and
large colon)

2. hydrolyzable carbohydrates (simple sugars and starch)
that are digested by mammalian enzymes in the small
intestine, yielding hexoses

3. oils and fats
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4. protein (not primarily fed as an energy source because
metabolism of amino acids to useable energy is inefficient).

Knowledge of the horse’s digestive physiology and the impact
of diet composition and meal size on the efficiency of digestive
processes are important in the selection of an appropriate
ration and feeding strategy. The horse evolved as a grazing
animal and its gastrointestinal tract, with a well-developed
cecum and large colon, is highly adapted to the utilization of
fiber-rich feeds that are consumed on an almost continuous
basis.36 The hindgut (cecum and colon) comprises approxi-
mately 64% of the total (empty) volume of the gastrointesti-
nal tract, whereas the stomach (7%) and small intestine
(25%) have a relatively small capacity. Similar to other mam-
malian species, the small intestine is the major site of diges-
tion of protein, fat and hydrolyzable carbohydrates. However,
as further discussed below, the horse has a limited ability to
digest and absorb hydrolyzable carbohydrates (particularly
starch) in the small intestine. Large concentrate meals may
overwhelm the digestive capacity of the small intestine and
promote the flow of undigested hydrolyzable carbohydrate to
the large intestine. This not only reduces the efficiency of feed
utilization but also increases the risk for digestive disturb-
ances associated with excessive and uncontrolled fermenta-
tion of the undigested hydrolyzable carbohydrate in the large
intestine.

Roughage/dietary fiber

From the preceding discussion, it is clear that forage
(roughage) should always be the foundation of an equine
ration. Although a requirement for dietary fiber has not been
established in horses, some long stem roughage is important
for maintenance of normal hindgut function and thus for
normal digestion. There also is evidence that diets low in long
stem fiber favor development of certain stereotypies.37–39

Therefore, adequate dietary roughage may be important for
prevention of some undesirable behavioral traits, particularly
in horses kept in confinement. Some trainers prefer to feed
low-roughage diets because such rations may reduce the

weight of ingesta in the intestinal tract (‘dead weight’),
thereby providing an energetic advantage during some forms
of exercise. The possible benefits of this practice should be
weighed against the increased risks of gastrointestinal dys-
function (e.g. colic, gastric ulcers) and behavioral abnormal-
ities when horses are fed low-roughage diets.

Meyer has suggested that performance horses be fed at
least 0.5 kg of roughage per 100 kg bwt (0.5% of bwt).40

However, this author recommends at least 1.0 kg forage per
100 kg (i.e. 5.0 kg for a 500 kg horse). One survey of
Australian race horses indicated that forage intake is often
less than this minimum recommendation. In that study, mean
daily forage intake was 3.3 kg and 4.1 kg for Thoroughbreds
and Standardbreds, respectively.7

Pastures and different forms of conserved forages (i.e. hay,
chaff, hay cubes, haylage) are the primary source of
roughage in horse rations. Although several factors can
affect the nutrient value of conserved forages, the most
important is the stage of maturity at the time of harvest 
(Fig. 36.1). The energy content, digestibility and palatability
of forage all decrease with increasing maturity. Therefore,
forages harvested at an early stage of plant maturity should
be fed to working horses to maximize nutritional value and
intake of the offered quantities (Table 36.5). An exception to
this recommendation is the feeding of a very high-quality
alfalfa, which may not contain adequate fiber (specifically,
acid detergent fiber [ADF]) for normal hindgut function.
Figure 36.2 illustrates how the energy content of the forage
affects the relative proportions of forage and energy concen-
trates required to meet the energy needs of an athletic horse.

The relative use of grass, legume or cereal (usually oaten)
hays and the different forms of preserved forages made from
these species often depends on availability and personal pref-
erence. Legume hays such as alfalfa usually have higher
energy, protein and mineral (particularly calcium) content
when compared to the grass species. These differences will
influence the type and quantity of energy concentrate to be
fed with hay. For example, as discussed above, the total diet
should provide 10–12% crude protein. Therefore, when
feeding alfalfa the protein content of the concentrate can be
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lower than when grass hay is fed. In addition, a higher
roughage-to-concentrate ratio is possible when high-quality
(energy) forage is fed. However, even within a plant species
the nutrient composition of preserved forage can vary greatly
depending on growing conditions, plant maturity and har-
vesting methods. Thus, proximate analysis (including crude
protein, neutral detergent fiber and macrominerals) should
be performed when practical to best guide ration balancing
and the selection of an appropriate energy concentrate.

Preserved forages should also be free of contaminants
such as molds. Hay that is baled at high moisture content is
likely to heat and become heavily contaminated with molds
that can exacerbate chronic airway diseases such as recur-
rent airway obstruction and inflammatory airway disease. In
areas with high rainfall during the growing and hay-making
season (e.g. the UK), the feeding of ensiled hay or ‘haylage’
(50–60% DM) is sometimes practiced. Haylage is a suitable
alternative to hay providing that it is stored correctly and fed
in sufficient quantity to ensure adequate fiber intake. One
concern with haylage is the potential for clostridial growth
and production of botulinum toxin.41 Haylage should be
examined carefully for the presence of mold and other con-
taminants before feeding and sealed haylage bales should be
fed within a few days of opening. Hay cubes and pellets, ‘com-
plete feeds’, or the feeding of forage that has been thoroughly
soaked in water can also aid in minimizing exposure to dusts
and molds when managing chronic airway disease.

Daily feed intakes in mature horses (on an as-fed basis)
range between 1.5% and 3.0% of bodyweight, although a
more typical intake for a performance horse is between 1.8%
and 2.2% (i.e. 9–11 kg for a 500 kg horse). Accordingly, the
energy requirements of horses performing light athletic

activities (e.g. pleasure riding 2–3 times per week) can, in
most instances, be met by forage alone. Other essential nutri-
ents may be provided in the form of a vitamin-mineral or
vitamin-mineral-protein supplement. On the other hand,
horses in moderate and intense training are unable to meet
energy needs if forage is the only energy source. Therefore,
energy concentrates must be fed to increase the caloric
density of the diet and ensure that energy requirements are
met within the confines of a realistic daily dry matter intake.

Energy concentrates

Cereal grains

Traditionally, cereal grains such as oats, corn and barley
(alone or in combination) have been a source of energy in
rations for athletic horses. Starch, a hydrolyzable carbohy-
drate, is the primary component of cereal grains. Oats are
approximately 47–50% starch while the starch content of
corn and barley is between 60% and 66% (Table 36.5).
Digestion of starch in the small intestine yields glucose, the
substrate for liver and muscle glycogen synthesis. As muscle
glycogen is a primary fuel during exercise, the provision of
some hydrolyzable carbohydrate (starch and/or sugar) in the
diet of an athletic horse is important for replenishment of
glycogen reserves. However, there is evidence that the horse
has a limited capacity to digest and absorb starch (and
perhaps other simple carbohydrates) from the small intestine.
Low production and secretion of pancreatic amylase42,43 and
a limited capacity for mucosal monosaccharide transport44

are factors that may contribute to this apparent constraint in
small intestinal carbohydrate digestion. Regardless of the
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Feed Dry DE CP Acid NSC Fat % Ca % P %
matter (Mcal/kg % detergent %
% DM) fiber %

Alfalfa hay, 90 2.5 20 32 22 – 1.4 0.3
early bloom
Alfalfa hay, 91 2.2 17 39 21 – 1.2 0.25
full bloom
Timothy hay, 90 1.9 10 35 17 – 0.45 0.26
early bloom
Timothy hay, 90 1.7 7.5 40 17 – 0.3 0.2
full bloom
Rice hulls 92 0.5 3 72 7 – 0.12 0.07
Rice bran 91 2.9 14 20 14–15 20–22 0.1 1.5–1.7
Oats 90 3.2 10–13 16 49.5 4.5 0.1 0.35
Barley grain 89 3.7 13 8 62 1.7 0.05 0.34
Corn grain 88 3.85 8–10 4 66 3.7 0.05 0.3
Beet pulp 91 2.6 10 27.5 38 – 0.7 0.1
Soy hulls 92 2.0 11–13 46–54 – – 0.4–0.7 0.15–0.2
Molasses 78 3.4 2–6 0 77 – 0.15 0.03
Wheat bran 89 3.3 16–17 13–15 15–17 – 0.14 1.27

DE = digestible energy; CP = crude protein; NSC = non-structural carbohydrate; Ca = calcium; P = phosphorus
All nutrients expressed as a percentage in feed dry matter.
Primary source of data is 1989 NRC.

Table 36.5 Nutrient composition of some feedstuffs used in horse rations



mechanism, with the ingestion of large grain meals a sub-
stantial proportion of the ingested starch may escape hydrol-
ysis in the small intestine with a resultant delivery of this
substrate to the hindgut. Rapid fermentation of starch in the
hindgut by lactate-producing bacteria can result in lactate
accumulation, excess gas production, cecal and colonic aci-
dosis and increased risk of intestinal disturbances.45,46

Epidemiological studies have identified the level of grain
feeding as a risk factor for colic. Tinker et al47 reported odds
ratios of 4.8 and 6.3 (relative to no episode of colic) for horses
fed, respectively, 2.5 kg/day and more than 5.0 kg/day of
concentrate. Similarly, Hudson and colleagues48 reported
that recent (within the previous 2 weeks) changes in the type
of grain or concentrate fed or feeding more than 2.7 kg of
oats per day was associated with increased risk for an episode
of colic. High-starch (grain) diets have also been implicated 
in the pathogenesis of some forms of chronic exertional
rhabdomyolysis.49

While it is necessary to feed some hydrolyzable carbohy-
drate to athletic horses to ensure an adequate supply of sub-
strate for glycogen replenishment, several strategies can be
employed to mitigate the risk of digestive disturbances attrib-
utable to heavy grain (starch) feeding. First, it is advisable to
limit the size of individual grain-based meals to avoid ‘starch
bypass’ to the large intestine. Second, only cereal grains with
high pre-cecal starch digestibility should be included in
energy concentrates for horses. Third, energy concentrates
for athletic horses should make more use of non-starch car-
bohydrates (e.g. sugar beet pulp) and vegetable fats. Inclusion
of these alternative energy sources facilitates a reduction in
the level of starch feeding without compromising the caloric
density of the ration.

A suggested upper limit of starch intake in a single meal is
between 2 and 4 g starch per kg bodyweight (0.2–0.4% of
bwt per feeding),43,50 although one nutritionist has suggested
that 2 g/kg per meal is the safe upper limit.46 Thus, if a con-

centrate feed contains 50% starch (e.g. plain oats) the
maximum recommended amount of concentrate per feeding
is approximately 2 kg for a 500 kg horse. Pre-cecal starch
digestibility varies with the type of grain and the nature of
any mechanical or thermal processing. For example, whereas
oat starch (at up to 3 g/kg per meal) has a pre-cecal digestibil-
ity of greater than 90%, approximately 35% of an equivalent
dose of cornstarch reaches the cecum undigested.46

Similarly, the pre-cecal digestibility of unprocessed barley is
substantially lower when compared to oats. However, heat
treatments such as micronization, extrusion and steam
flaking significantly improve the pre-cecal starch digestibility
of barley and corn. Overall, oats appear to be the safest source
of starch for horses, although barley and corn are acceptable
if they are subjected to some form of heat treatment.

Fats and oils

The addition of fat to horse rations is now commonplace.
Although animal fat (tallow or lard) has been fed to horses,
palatability and digestibility51,52 are inferior when com-
pared to vegetable oils. Therefore, most commercial fat-
supplemented concentrates for horses contain a vegetable oil
such as soy, corn or canola. Other oils that may be used in
equine rations include peanut, safflower, coconut, linseed or
flaxseed. Vegetable oils are highly unsaturated and contain
approximately three times as much DE as oats and 2.5 times
as much as corn. Other sources of fat used in horse rations
include stabilized rice bran (18–22% fat), flaxseed meal (40%
fat) and copra meal (8–9% fat). Vegetable oils are both highly
digestible (90–100%)53 and palatable,52 although there can
be slight variation in the acceptance of the different oils. For
example, Holland et al52 demonstrated that corn oil is pre-
ferred over soy, peanut and cottonseed oils. Rice bran (as a
powder or an extruded pellet) is also well accepted by horses
and is commonly fed at a rate of 0.5–2.5 kg per day to
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mature horses, providing 90–500 g fat per day. Rice bran is
rich in phosphorus and has an inverted Ca:P ratio, but many
commercial rice bran products contain added calcium (e.g.
calcium carbonate) to correct this imbalance. Alternatively, a
mineral supplement can be added to the ration to ensure an
appropriate Ca:P ratio (at least 1:1) in rations containing rice
bran.

Fat is often added to the diet to increase the energy density
of the ration, which can offer an advantage when dry matter
intake limits provision of adequate energy to maintain condi-
tion (‘hard keeper’ horses). Alternatively, substitution of fat
for a portion of the grain in an energy concentrate allows for
a decrease in hydrolyzable carbohydrate intake. This strategy
is advocated for horses with some forms of chronic exertional
rhabdomyolysis (see below).

Fat is also added to the diet of athletic horses because of
the reputed benefits of fat-supplemented diets on exercise
performance, specifically that performance is improved by 
fat adaptation, a set of physiologic responses to the consump-
tion of a high-fat diet during training that confer advantages
to the horse during exercise.54 As discussed in Chapter 34,
there is evidence that a fat-supplemented diet is asso-
ciated with an increased capacity for fat oxidation during
exertion, as shown by a lower respiratory exchange ratio
during low and moderate intensity exercise.55,56 How-
ever, this effect of fat supplementation on fuel selection

is not evident at higher workloads, reflecting the high
dependence of horses on carbohydrate metabolism during
moderate and high intensity exercise.55 Nonetheless, the
increase in fat oxidation and decrease in carbohydrate oxida-
tion (carbohydrate sparing) evident during low intensity
exercise in fat-supplemented horses should be beneficial
during endurance exercise, although the actual effect of fat
supplementation on endurance performance has not been
reported.

It should also be noted that the level of fat supplementa-
tion used in the aforementioned research studies (approxi-
mately 20–25% of DE from fat)55,56 is considerably higher
than that commonly practiced by horse owners and trainers
(4–15% of DE from fat). Whether these lower levels of fat sup-
plementation confer similar metabolic advantages during
exercise is unknown.

The ideal amount of dietary fat for horses has not been
determined, nor is there much information regarding the
effects of fatty acid chain length or degree of saturation on
metabolism and health in horses. Kronfeld53 has stated that
horses can safely consume diets containing up to 15–20%
vegetable oil by weight (on a total diet basis), providing the
horse is adapted to this level of fat inclusion over a 2–3-week
period. However, one study demonstrated a decrease in total
tract fiber digestibility in horses fed a 14% soy oil diet.57

Commercially, the level of fat or oil added to a concentrate is
often limited by manufacturing constraints (e.g. poor pellet
quality when large amounts of oil are included in pelleted
feeds; greasy appearance of concentrate mixes). Therefore, fat-
supplemented concentrates designed for performance horses
usually contain between 5% and 14% fat (as fed), providing
between 8% and 30% of the DE. However, as these concen-

trates are fed with forage, the amount of fat on a total diet basis
is much lower (approximately 3–8% fat or 4–15% of the 
DE from fat assuming a 50% concentrate, 50% forage diet).
These levels of fat supplementation carry minimal risk of
negative associative effects such as a decrease in fiber digest-
ibility.

Many horse owners and trainers add vegetable oil to exist-
ing rations. A suggested upper limit of oil supplementation is
100 g per 100 kg bwt per day. For reference, one standard
measuring cup contains 250 ml (8 fluid ounces) of oil
(~200 g) and provides approximately 1.67 Mcal (6.7 MJ) of
DE. For a 500 kg horse in moderate work (daily DE needs of
26 Mcal), the inclusion of 500 g of oil per day will provide
about 16% of the DE requirements. There should be a
gradual introduction to oil feeding to avoid digestive distur-
bances (loose and oily feces). Initially, 1/4–1/2 cup of oil/day
can be added to the ration. Over a 2–3-week period, the
amount of added oil can be increased to 2–21–2 cups/day,
divided into at least 2–3 feedings.

One concern with the addition of vegetable oils (or rice
bran) to an existing diet is the potential for nutrient imbal-
ances. Commercial energy concentrates with added fat are
fortified to maintain appropriate nutrient-to-calorie ratios
and are designed to complement the forage source. On the
other hand, the on-farm addition of a substantial amount of
oil (e.g. 400–500 g per day) to an existing ration may result
in an unbalanced diet. Consultation with a nutritionist is rec-
ommended in these situations. Supplementation with
vitamin E (100–200 IU per 100 g of added oil) is recom-
mended for prophylaxis against oxidant stress when oil is
directly added to the ration. This practice may not be necess-
ary when rice bran is the source of added fat as it contains
substantial quantities of vitamin E and other natural
antioxidants.

Non-starch carbohydrates

There are two main types of non-starch polysaccharides used
in equine rations: simple sugars; and highly digestible sources
of fiber (so-called ‘fermentable fibers’), particularly sugar beet
pulp (SBP) and soya hulls and, to a lesser extent, citrus pulp.
Simple sugars in the form of molasses (a mixture of glucose,
sucrose and fructose) are often added to grain mixes at 6–8%
by weight. In general, these sugars are well utilized by the
horse, as shown by pronounced glycemic responses following
the administration of glucose, sucrose or fructose at dosages
of 1.0–2.0 g/kg bwt.58

SBP contains major fractions of highly digestible fiber
fractions, including pectins, arabinans and galactans, which
are readily fermented by equine hindgut microflora59

Digestibility studies have demonstrated that, in contrast to
the fibers in traditional roughage sources, the fibers in SBP
and soya hulls are extensively degraded within the time 
that such a feedstuff would be resident in the gut.60 This 
high digestibility accounts for the higher energy value of
these feedstuffs when compared to hay. It has also been
demonstrated that the addition of 30% SBP to the ration
increases the digestibility of the hay portion of the diet.60 SBP
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is available in two forms, molassed (i.e. molasses is added to
the beet shreds, generally at the 5% level) or non-molassed,
and can be fed alone or as a component of a concentrate mix.
When fed alone, it is recommended to soak the beet shreds in
water for 3–4 hours before feeding. Soya hulls are generally
included in pelleted feeds.

SBP or soya hulls can be included as a substitute for cereals
(starch) in energy concentrates. Studies in horses have
demonstrated that up to 3.0 g SBP per kg bwt per day (i.e.
1.5 kg for a 500 kg horse) may be fed to adult horses with-
out any adverse effects on overall nutrient utilization or
performance.61–63 Indeed, as discussed in Chapter 34, there
may be metabolic advantages of diets that include non-starch

polysaccharides such as SBP, including a muscle glycogen-
sparing effect during moderate and heavy exercise.

Although the feeding of straight grains or sweet feed mixes to
athletic horses remains a popular practice, there is increasing
emphasis on use of energy concentrates in which some starch
and sugar has been substituted by fat and/or a fermentable fiber
such as SBP and soya hulls (so-called ‘fat and fiber’ feeds). Such
diets may reduce the risk of gastrointestinal disturbances and,
as discussed below, are useful in the nutritional management of
horses with chronic exertional rhabdomyolysis. Figure 36.3
compares the sources of digestible energy in a traditional race
horse diet (forage plus grain) and a diet in which a fat and fiber
energy concentrate is fed.
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Fig. 36.3 Graphical
representation of the sources
of energy in a traditional
grain and hay diet (Starch)
and a contemporary fat and
fiber energy concentrate and
hay diet (Fat/fiber) fed to a
500 kg racehorse requiring
approximately 32 Mcal of
digestible energy (DE) per
day. Both diets include 6 kg of
mid-bloom timothy hay and,
on a total diet basis, provide
12% crude protein. For
Starch, the horse is fed ~
7 kg of an energy
concentrate composed of
oats (57%), cracked corn
(37%) and sugar cane
molasses (6%).The same
quantity of energy
concentrate is fed in Fat/fiber
(~ 13% fat), the primary
ingredients of which are beet
pulp, rice bran, soy hulls and
vegetable oil. Graph A depicts
estimates of the absolute DE
provided by protein, fat,
hydrolyzable carbohydrate
(hCHO; starch and sugar)
and fiber carbohydrates
(fCHO) in the respective
diets. Graph B shows the
percentage contribution of
the four energy sources to
the total DE intake. Note the
dramatic reduction in hCHO
intake in the Fat/fiber when
compared to the Starch diet.



Special considerations: horses with chronic
exertional rhabdomyolysis

Special considerations are needed in the selection of energy
concentrates for horses with two forms of chronic exertional
rhabdomyolysis (ER): polysaccharide storage myopathy
(PSSM) and recurrent exertional rhabdomyolysis (RER).
Although the pathogenesis of PSSM and RER is distinctive64

(see Chapter 27), there is increasing evidence that diets low in
starch and higher in fat are beneficial in the management of
both conditions.49,65–68

Quarter horses and related breeds with PSSM have
enhanced insulin sensitivity, as demonstrated by a more rapid
clearance of blood glucose after intravenous glucose
loading69 or the feeding of grain meal,70 and this increase in
insulin sensitivity is probably a contributing factor in the
development of excessive muscle glycogen storage. Thus,
diets high in starch and/or sugar may promote clinical
expression of the disease by providing substrate for glycogen
synthesis, and the cornerstone of dietary management for
horses with PSSM is a severe restriction of hydrolyzable car-
bohydrate (starch and sugar) intake. There is also emerging
evidence that beyond the simple removal of hydrolyzable car-
bohydrate from the diet, additional clinical improvement
occurs when fat is added to the ration. It has been hypothe-
sized that an increase in dietary fat alters intracellular
glucose metabolism and glycogen synthesis in horses with
PSSM,49 although as yet there is no direct evidence in support
of this hypothesis. Whether similar metabolic mechanisms
contribute to the glycogen storage syndrome recognized in
draft breeds (equine polysaccharide storage myopathy, EPSM)
is not known. However, there is evidence that an increase in
dietary fat is also beneficial in the management of horses
with EPSM.65,66

The role of diet in the pathogenesis of RER is less clear. 
As with PSSM, there is evidence that a reduction in starch
intake and increase in fat supplementation can be
beneficial.49,67,68,71 However, experimental studies in a small
group of RER-affected Thoroughbreds have demonstrated
that dietary energy source (i.e. the relative amounts of starch
and sugar versus fat) is only important when total caloric
intake is high (> 28–30 Mcal DE per day for a 500 kg
horse).67,68,71 Specifically, when daily calorie intake was
moderate (~21–22 Mcal/day) diet composition had little
influence on exercise-associated increases in plasma creatine
kinase (CK) activity.67,68 However, postexercise CK activity
was significantly higher in horses consuming a hay and grain
(starch) diet that provided 28.8 Mcal of DE per day when
compared to an isocaloric diet low in starch with 20% of DE
supplied by fat.71 It has been suggested that high-calorie,
high-starch diets are associated with a more nervous disposi-
tion in horses. This association may explain the relationship
between dietary starch level and subclinical or clinical tying
up in RER-susceptible horses given that stress and excitement
are apparent trigger factors for the condition.64 In support of
this hypothesis, RER-affected horses fed the low-starch, high-
fat diet had lower resting heart rates and, subjectively, a less
excitable temperament when compared to observations made

in the same horses while consuming the high-starch
diet.67,68,71

In general, there should be a reduction in hydrolyzable
carbohydrate intake and increased reliance on fat and fer-
mentable fibers as energy sources. With respect to PSSM, the
diet should be devoid of grain (starch) and sugar such that on
a total diet basis, less than 15% of DE is supplied by hydrolyz-
able carbohydrate. There is some controversy with respect to
the amount of supplemental fat required for management of
PSSM.49 A suggested target is 20% of DE as fat; however, in
some horses this can be difficult to achieve at very high daily
DE intakes (> 30 Mcal/day). ‘Easy keeper’ horses with PSSM
that are only in light work will maintain condition on a diet
that is predominantly medium-quality hay (supplied at
approximately 1.5% of bwt), with a small quantity of fat (e.g.
0.5–1 kg rice bran per day or 1/2–1 cup of oil), and a
vitamin–mineral supplement. Lush pasture and legume hays
(alfalfa) should be avoided because these forages can supply a
substantial quantity of sugar. Possible options for meeting
the energy needs of affected horses in harder training include
the provision of larger quantities of rice bran (e.g.
1–2 kg/day), a combination of hay pellets and vegetable oil
(up to 100 g per 100 kg bwt/day), or a ‘fat and fiber’ energy
concentrate. As mentioned, the latter utilizes a combination
of vegetable fats (oils and/or rice bran) and fermentable fiber
(SBP and/or soya hulls). Some of these feeds provide less than
10% of DE from hydrolyzable carbohydrate and 20% of DE as
fat.

A typical race horse with RER is consuming greater than
30 Mcal of DE per day, with much of the energy supplied by
starch. Indeed, it is not uncommon for race horses to
consume 5–8 kg/day of a grain concentrate and this level of
starch intake appears to contribute to an increased frequency
of tying-up episodes.49,71 Therefore, as with PSSM, a lower
starch, higher fat and fermentable fiber diet is indicated in the
management of horses with RER. One recommendation for
race horses in intense work is a diet that provides no more
than 20% of DE from hydrolyzable carbohydrate, with a
minimum of 20% DE from fat (Fig. 36.3).

These dietary interventions are not a panacea for the pre-
vention of PSSM and RER. As discussed in Chapter 27, a
number of other management changes are needed for the
successful management of horses with chronic ER. For
example, along with strict dietary control, daily exercise is
critical to the successful management of horses with PSSM,
while strategies for reduction of stress and excitability are
important in the management of RER-susceptible horses.

Putative ergogenic feeding
strategies and supplements

Beyond provision of a diet that meets the energy and nutrient
requirements of an athletic horse, horse owners often apply
different feeding strategies or administer a variety of nutri-
tional supplements in an attempt to enhance a horse’s
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performance during competition. The term ergogenic means
‘work generating’;72 thus, an ergogenic nutritional supple-
ment or feeding manipulation is one that enhances work per-
formance (e.g. an increase in speed, endurance or strength).
A plethora of nutritional supplements are marketed for use in
horses, often on the basis of performance enhancement.
However, with rare exceptions, there is little or no scientific
basis for these claims because there are no data available
regarding the efficacy of a given supplement in horses.
Instead, the rationale for use is most often based on data from
studies in humans or other species.73

This section provides a brief overview of the effects of
selected feeding strategies or nutritional supplements that
have been purported to enhance athletic performance of
horses. The reader is also referred to Chapter 34 for discus-
sion on the effects of fat supplementation, dietary protein
content and pre-exercise feeding on exercise metabolism and
performance.

Manipulation of carbohydrate supply

In humans, it is universally accepted that carbohydrate avail-
ability to skeletal muscle is an important determinant of exer-
cise performance, particularly during moderate intensity
exercise lasting 1 hour or more.74,75 Low muscle glycogen
concentration before exercise is associated with decreased
performance, whereas high muscle glycogen content
enhances endurance performance.74,76 Similarly, an increase
in blood glucose availability by ingestion of glucose or glucose
polymers before and/or during exercise enhances the per-
formance during prolonged moderate intensity exercise.75,76

Therefore, feeding strategies that increase pre-exercise
muscle glycogen content and enhance blood glucose supply
to skeletal muscle during exercise are ergogenic in human
athletes. This is especially true for events lasting more than
60–90 min.

The effect of carbohydrate supply on exercise performance
in horses is less well studied but, similar to humans, there is
evidence that glucose availability and muscle glycogen
content are important determinants of performance during
moderate and intense exercise. Time to exhaustion in horses
running at 6–7 mph was decreased by 35% when pre-
exercise muscle glycogen content was 70% lower than
normal.77 Anaerobic work capacity in horses, as assessed by
the run time until fatigue during a ‘supramaximal’ treadmill
exercise test, was decreased by approximately 28% when
muscle glycogen content was 60–70% lower relative to a
control treatment.78 Thus, similar to humans, low pre-exer-
cise muscle glycogen content is associated with decreased
exercise performance in horses. On the other hand, an increase
in blood glucose availability has been demonstrated to enhance
performance in horses undertaking moderate intensity exercise.
In two studies of horses running on a treadmill at 50–60% of
V̇O2max, the time to fatigue was increased by 14–20% when
glucose availability was increased by intravenous adminis-
tration of glucose (2–3 g/min).79 These data have generated
interest in the development of nutritional strategies for horses

that optimize pre-exercise muscle glycogen content or glucose
availability during exercise.

Muscle glycogen storage

In humans, the term ‘glycogen loading’ refers to maximiza-
tion of muscle glycogen stores prior to a competitive event in
which performance is limited by the depletion of muscle
glycogen stores. The original CHO loading protocols, pio-
neered by Bergström & Hultman,74 involved a 3–4-day deple-
tion phase of hard training and a low carbohydrate diet,
followed by a 3–4-day loading phase of high carbohydrate
intake and exercise taper. This protocol resulted in a more
than 50% increase in glycogen content, hence the term
‘muscle glycogen supercompensation’. More recent studies
have shown that well-trained athletes are able to achieve
similar muscle glycogen supercompensation without the
need to undertake a glycogen-depletion phase.80 Accordingly,
the more practiced method for glycogen loading in human
athletes involves 3 days of exercise taper and high carbohy-
drate intake (7–10 g/kg bwt per day).81

Research in horses has indicated that only modest (~10%)
increases in muscle glycogen content can be achieved
through dietary manipulation.77,82,83 For example, Essén-
Gustavsson et al83 reported a 12% increase in the resting
muscle glycogen content of Standardbred horses fed a diet
that provided approximately 2 kg/day of starch and sugar
when compared to an isocaloric diet that provided about
1.3 kg/day of hydrolyzable carbohydrate. An increase in
muscle glycogen content of this magnitude was not associ-
ated with improved performance during moderate intensity
exercise.82,83 These observations notwithstanding, a number
of glycogen or ‘carbo’ loader products are marketed for use in
athletic horses.

One possible reason for the apparent disparity in capacity
for glycogen supercompensation between humans and
horses is a difference in hydrolyzable carbohydrate intake. In
humans, a daily carbohydrate intake of 7–10 g/kg bwt is
required for a substantial increase in muscle glycogen
content.81 For a 500 kg horse, an equivalent carbohydrate
dose would require the consumption of 7–10 kg of oats
(~50% starch) per day. Such a high grain (starch) intake is
not realistic for most horses, nor recommended given the
risks of gastrointestinal dysfunction associated with high
starch intake.

Although an increase in muscle glycogen content is
perhaps not achievable in horses, it is still desirable to apply
dietary and management practices that optimize glycogen
resynthesis after exercise such that low glycogen does not
prevail at the start of the next exercise session. Following
exercise in horses that depletes muscle glycogen content
(middle gluteal m.) by greater than 50–60%, complete glyco-
gen replenishment is achieved by 24 hours when glucose
(6 g/kg) is administered intravenously.78,84 In contrast, oral
administration of a glucose polymer (3 g/kg bwt) within
60 min of the completion of glycogen-depleting exercise does
not accelerate glycogen replenishment.85,86 Similarly, when
horses are fed meals with high hydrolyzable carbohydrate
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content (grain), the rate of muscle glycogen replenishment is
not different87 or only slightly faster88 when compared to
horses fed a hay diet. Studies in humans, on the other hand,
have shown that carbohydrate ingestion during the postexer-
cise period substantially enhances the rate of muscle glyco-
gen resynthesis.75 Over a 6–12-hour period following
exercise, the ingestion of carbohydrate at a rate of
0.7–1.0 g/kg bwt every 2 hours results in muscle glycogen
synthetic rates of 5–8 mmol/kg/hr and complete glycogen
replenishment is achieved within 24 hours. By comparison,
the maximum rate of muscle glycogen synthesis in horses
after exercise that results in a 40–70% decrease in glycogen
content is approximately 1.5 mmol/kg/h,87–89 and as much
as 48–72 hours is required for complete replenishment.88,89

As discussed, the horse appears to have a limited capacity for
the digestion of hydrolyzable carbohydrates and this may
limit systemic glucose availability, thereby restraining the
rate of muscle glycogen resynthesis.

The performance implications of the slow rate of glycogen
replenishment in horses are likely dependent on the type of
athletic activity. In a study of Thoroughbreds fed a hay and
grain concentrate diet, the muscle glycogen loss sustained
during training gallops (19–25% decrease) was fully restored
within 2–3 days.90 Thus, in situations where intense exercise
bouts occur at 3-day intervals, as is typical in the conven-
tional training of Thoroughbred race horses, muscle glyco-
gen content can be well maintained. However, for horses
competing in multi-day events (e.g. three-day event) or mul-
tiple heats on a single day (e.g. Standardbred race horses),
inadequate glycogen replenishment may adversely affect sub-
sequent exercise performance. For these horses, small grain
meals (e.g. 1–1.5 kg for a 500 kg horse) should be provided
at frequent intervals (e.g. every 3 h) during the first 12 hours
of recovery. Limiting the size of the grain meals and increas-
ing the frequency of feeding should minimize the risks of
digestive disturbance.

Enhancement of blood glucose supply 
during exercise

The only practical means for enhancement of blood glucose
availability during exercise is the pre-exercise feeding of a
meal high in starch and/or sugar or the intragastric adminis-
tration of a glucose or glucose polymer solution. For
endurance horses, similar strategies could be applied at rest
stops during races. However, there is some controversy
regarding the merits of these pre-exercise dietary interven-
tions. It has been argued that the suppression in lipid oxida-
tion associated with pre-exercise carbohydrate ingestion may
be detrimental to performance because an accelerated rate of
carbohydrate oxidation will result in premature depletion of
endogenous carbohydrate stores (see Chapter 34). Certainly,
there is evidence that the hyperglycemia and hyperinsuline-
mia consequent upon grain ingestion or intragastric glucose
administration alter substrate selection during moderate
intensity exercise. The consumption of a grain meal (~2 kg
corn) 2 hours before exercise5 or the oral administration of
glucose (2 g/kg bwt) 1 hour pre-exercise91 increases the rate

of blood-borne glucose utilization and the rate of whole-body
carbohydrate oxidation in horses during treadmill exercise at
50–55% V̇O2max. Conversely, the rate of whole-body lipid oxi-
dation is suppressed under these conditions,5,91 most proba-
bly as a result of an insulin-induced suppression in lipolysis.

It must be emphasized that the effects of pre-exercise car-
bohydrate ingestion (grain meals or glucose solutions) on
exercise performance have not been determined in horses.
Although speculative, it is possible that the pre-exercise
ingestion of hydrolyzable carbohydrate is beneficial for events
requiring moderate and intense exercise. However, for more
prolonged, lower intensity exercise, such as that required of
the endurance horse, the suppression in lipid oxidation asso-
ciated with pre-exercise carbohydrate ingestion may be detri-
mental to performance (see Chapter 34). Therefore, for
endurance events it is recommended that no grain be fed in
the 3-hour period before competition exercise. Further
research is required to determine the metabolic and perform-
ance effects of various pre-event (and mid-event) feeding
strategies.

Alterations in dietary fiber intake

The horse’s large intestine contains a fluid volume equivalent
to 8–10% of bodyweight, with 10–20% of total body sodium,
potassium and chloride.92,93 There is limited evidence that 
a portion of this fluid can be absorbed during prolonged 
exercise, thereby partially offsetting sweat fluid losses.92

Accordingly, some nutritionists advocate a high-fiber diet for
endurance horses because such diets should increase the size of
the hindgut fluid reservoir. Indeed, Meyer et al92 demonstrated
that feeding a high-fiber diet (hay only) when compared to a
low-fiber diet (a complete feed composed of grain, bran and
beet pulp) to ponies resulted in greater water content of the
large intestine (183 and 101 mL/kg bwt for the high- and low-
fiber diets, respectively). Warren and co-workers93 also
reported an approximately 15% increase in estimated gastroin-
testinal tract fluid volume when horses were fed a high-fiber
(54% neutral detergent fiber [NDF], 31% ADF) when compared
to a low-fiber diet (31% NDF, 19% ADF). Whether such an
increase in gut fluid volume is beneficial to thermoregulatory
function and performance is unclear. In the study by Warren
and co-workers,93 neither the loss of bodyweight nor the
decrease in plasma volume differed between dietary treatments
during 45 min of low intensity exercise. Furthermore, as dis-
cussed by Kronfeld,17 the putative benefits of a high-fiber diet in
terms of improved water balance and thermoregulatory func-
tion must be weighed against energetic disadvantages associ-
ated with an increase in hindgut weight (bowel ballast). For
example, in a 500 kg horse, an extra 4 kg in hay intake can be
estimated to increase bowel ballast by between 10 and 24 kg.
On balance, there is little justification for very high-fiber diets in
endurance horses and as for other equine athletes, a diet 
that provides roughage at about 1.5% of bodyweight is
recommended.

Anecdotally, many race horse trainers limit hay intake in
the day leading up to races or, alternatively, eliminate hay
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from the diet and instead feed a ‘complete’ beet pulp-based
diet. There is some evidence that a short-term reduction in
forage intake is beneficial in horses undertaking high-inten-
sity exercise. When compared to ad libitum hay consump-
tion, restricting hay intake to ~1% of bodyweight for a 3-day
period before a treadmill exercise test (2 min at 115% V̇O2max)
resulted in a 2% decrease in bodyweight and a reduction in
anaerobic energy expenditure during exercise, as evidenced
by reduced oxygen deficit and plasma lactate concentrations.
The reduction in bodyweight was attributed to a decrease in
bowel ballast (gut fill).94 The practical implications of these
findings are uncertain given that many race horses do not
consume more than 1% of bwt as roughage. Furthermore, a
more drastic reduction in roughage intake (e.g. less than
0.75% bwt) is not recommended because, as previously
discussed, low-fiber diets may predispose horses to gastro-
intestinal dysfunction (e.g. gastric ulcers, colic).

Nutritional ergogenic supplements

Although electrolyte, vitamin and mineral (especially iron)
supplements are the most widely used in horses, the use of
supplements touted to enhance performance is also
common.73 Yet, very few of these substances have been the
subject of scientific studies designed to evaluate their meta-
bolic and performance effects. The following discussion is
restricted to some supplements that have been evaluated in
the horse. The effect of sodium bicarbonate administration
on exercise performance is discussed elsewhere in this book.

Creatine

Creatine (methylguanidine-acetic acid) is a compound derived
from amino acids that is stored primarily in skeletal muscle at
typical concentrations of 100–150 mmol/kg dry weight (dw) of
muscle. About 60–65% of this creatine is phosphorylated.
Creatine phosphate (CP) provides a rapid but brief source of
phosphate for the resynthesis of adenosine triphosphate (ATP)
during intense exercise and therefore helps to maintain normal
ATP/ADP homeostasis. Other functions of CP metabolism
include the buffering of hydrogen ions produced during anaer-
obic glycolysis.72 As both ADP and hydrogen ion accumulation
are factors that may contribute to development of fatigue
during sprint exercise, the size of the skeletal muscle CP store
may be an important determinant of performance during high-
intensity exercise. Therefore, nutritional manipulations leading
to increases in total muscle creatine and CP might be expected
to have an ergogenic effect during intense exercise.

The use of creatine supplements by human athletes is
widespread; according to one estimate, 80% of the athletes
competing in the 1996 Olympic Games were using a creatine
supplement.95 There is support for an ergogenic effect of cre-
atine supplementation in human athletes engaged in
repeated sprints, probably related to an increase in the rate of
CP resynthesis during recovery between bouts of exercise.
However, oral creatine supplementation is not considered
ergogenic for single-bout or first-bout sprints or for pro-

longed, submaximal exercise. The evidence is inconclusive for
effects on muscle strength although creatine supplements are
widely used by body builders and weight lifters.96

Studies in humans have demonstrated that a daily creatine
dose of 20–25 g (~250 mg/kg bwt/day), divided into four
doses, results in increased muscle creatine concentrations,
with an apparent upper limit in creatine storage of 150–
160 mmol/kg dw. About 20% of the increased muscle
creatine content is stored as CP and saturation occurs 2–3
days after the start of supplementation.96 The increase in
muscle creatine content is greatest in those subjects with a
low initial concentration. Lower daily doses of 3 g/day
(~40–44 mg/kg bwt) will achieve a slower loading over
14–28 days and elevated muscle creatine stores can be main-
tained by continued daily supplementation of 2–3 g crea-
tine.97 Creatine is transported into muscle against a high
concentration gradient, via saturable transport processes
that are stimulated by exercise98 and by insulin.99

There are two published reports of oral creatine supple-
mentation in horses.100,101 Sewell & Harris101 demonstrated
that, in contrast to humans and dogs, creatine is poorly
absorbed in the horse. The intragastric administration of
50 mg Cr per kg bwt resulted in an increase in plasma crea-
tine concentration from 40 to 100 fmol/L after 4–6 h. By
comparison, the same dose in humans results in plasma con-
centrations of 800–1000 fmol/L.73 Furthermore, the admin-
istration of creatine at 150 mg/kg per day (divided into three
doses) for 13 days had no effect on muscle creatine
content.101 In a randomized, crossover design, Schuback et
al100 fed Standardbred trotters 25 g creatine monohydrate
twice daily (total daily dose of ~100–120 mg/kg bwt) for 14
days. Before and after the period of supplementation, horses
completed an incremental treadmill exercise test until
exhaustion. There was no significant effect of supplementa-
tion on plasma or muscle creatine concentrations, nor an
effect on treadmill run time and the muscle metabolic
response to exercise.100 Thus, creatine supplementation in
the horse at dosages shown to be effective in humans has
failed to result in an increase in muscle creatine content.
Without a change in muscle creatine content, creatine sup-
plementation is unlikely to exert an ergogenic effect in horses.
The reason for the apparent low bioavailability of orally
administered creatine in horses has not been determined. It is
possible that, as an herbivorous animal, the horse’s gastroin-
testinal tract is not adapted to the absorption of creatine.

L-Carnitine

L-Carnitine is a component of the enzymes carnitine-
palmityltransferase I, carnitine-palmityltransferase II and
carnitine-acylcarnitine translocase that are involved in the
transport of long-chain fatty acids across the inner mito-
chondrial membrane.102 As such, long-chain fatty acid oxi-
dation is carnitine dependent and, therefore, it has been
proposed that increased availability of L-carnitine by supple-
mentary ingestion might up-regulate the capacity to trans-
port fatty acids into the mitochondria and increase fatty acid
oxidation.72 This augmentation in fat oxidation could be of
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benefit during endurance exercise. Another role of carnitine
is to act as a ‘sink’ for acetyl-CoA units produced during high-
intensity exercise. The conversion of acetyl-CoA to acetyl-
carnitine maintains CoA availability and decreases the ratio
of acetyl-CoA:CoA. As such, an increase in carnitine avail-
ability could enhance substrate flux through the citric acid
cycle and increase the activity of pyruvate dehydrogenase,
which is otherwise inhibited by high levels of acetyl-CoA.
These mechanisms would serve to increase oxidative metabo-
lism of glucose, decrease lactate production and perhaps
enhance performance during exercise tasks that might be
limited by excess hydrogen ion and lactate accumulation.72

However, the weight of evidence from human studies indi-
cates that oral carnitine supplementation has no effect on
muscle carnitine concentration. In addition, there is no evi-
dence that muscle carnitine content limits fat oxidation other
than in patients with inborn errors in metabolism that result
in inadequate muscle carnitine. This is also likely to be the
case in horses as the carnitine content of equine skeletal
muscle is 2–3-fold higher when compared to human
muscle.103 Supplementation studies in humans have failed to
demonstrate an effect of carnitine on measures of fat oxida-
tion or muscle metabolism during exercise.72,102

Studies in humans104 and in horses105,106 have demon-
strated that the oral bioavailability of L-carnitine is poor. In
horses, large oral doses of L-carnitine (10–60 g) are required to
effect an approximate doubling in plasma carnitine concentra-
tion.105 Importantly, supplementation at these levels for 58 days
had no effect on muscle carnitine content. In a subsequent
study, intravenous doses of 10 g L-carnitine were administered
daily for 26 days.106 These infusions resulted in peak plasma
carnitine concentrations 30-fold higher when compared to pre-
injection values and concentrations remained three-fold higher
after 6 h. Yet, there was no change in muscle carnitine content.
Thus, from the available data there is no evidence that muscle
carnitine content in horses is enhanced as a result of oral or
intravenous L-carnitine supplementation.

Although the weight of evidence suggests that L-carnitine is
unlikely to be ergogenic in horses, a recent study has provided
evidence that supplementation during conditioning may
augment training-associated skeletal muscle adaptations.107 In
a small group of 2-year-old Standardbred horses subjected 
to a 10-week conditioning program, supplementation with 
L-carnitine (10 g/day per os) was associated with significant
increases in the percentage of type IIA muscle fibers and the
intensity of periodic acid-Schiff staining (an indicator of
intrafiber glycogen content) when compared to untreated
control horses.107 The mechanism of these effects is unclear and
somewhat perplexing, given that previous studies have failed to
demonstrate a change in muscle carnitine content in horses
receiving an identical carnitine dosage. Further studies are
required to determine the performance implications of these
apparent carnitine-induced muscular adaptations.

Amino acids

Amino acid or ‘refined’ protein supplements are often touted
for their ability to ‘build’ muscle mass or, in the case of the

branched-chain amino acids (BCAA) (leucine, isoleucine,
valine), enhance endurance performance by modifying
factors that contribute to central fatigue.108,109 In addition, it
has been proposed that BCAA supplementation during exer-
cise may provide carbon intermediates for the citric acid cycle
at a time when endogenous carbohydrate reserves are
depleted, thereby delaying the onset of fatigue.72

The ‘central fatigue’ hypothesis proposes that increased
brain serotonin contributes to fatigue development during
prolonged moderate-intensity exercise.109 The increase in
brain serotonin synthesis occurs as a result of increased
transport of free (unbound) tryptophan across the blood–
brain barrier. Key to this increase in tryptophan uptake is an
increase in the plasma ratio of free tryptophan to BCAA,109

which may increase for two reasons. First, as blood free fatty
acid (FFA) concentration rises during exercise, the FFA
compete with tryptophan for binding sites on albumin and
the FFA displace some of the tryptophan molecules from
albumin; therefore, free tryptophan concentration increases.
Second, an increase in the oxidation of BCAA in muscle
results in a decrease in blood BCAA concentration. As BCAA
and tryptophan compete for carrier-mediated entry into the
central nervous system, an increase in the free tryptophan-
to-BCAA ratio leads to increased tryptophan transport.
Therefore, it has been theorized that BCAA supplementation
could reduce the exercise-induced increase in brain trypto-
phan uptake and thus delay fatigue.109 Interestingly, when
horses were infused with tryptophan (100 mg/kg, i.v.) during
submaximal exercise, run time to fatigue was decreased by
~15% relative to the placebo treatment, providing evidence
that an increase in circulating tryptophan adversely affects
endurance performance in horses.79 However, the oral inges-
tion of a tryptophan solution that markedly increased plasma
free tryptophan concentration and estimated brain trypto-
phan uptake had no effect on time to exhaustion in exercising
humans.110 Furthermore, in this and other studies, the inges-
tion of large quantities of BCAA also had no effect on
endurance performance.72,110 These data cast some doubt on
the ‘central fatigue’ hypothesis and suggest that BCAA sup-
plementation is not ergogenic during dynamic exercise in
humans.

BCAA supplements are marketed for use in horses, but
there are no published data regarding their effects on exercise
performance per se. Glade111 reported that BCAA supplemen-
tation mitigated the increase in blood lactate during exercise.
However, the exercise test involved treadmill walking and the
applicability of these results to equine athletic activities is
questionable. More recent studies have failed to demonstrate
a beneficial effect of BCAA supplementation in horses. The
administration of a mixture of L-leucine (9 g), isoleucine
(4.5 g) and L-valine (9 g) to Standardbreds 1 h before train-
ing had no measurable effect on energy metabolism during
intense exercise.112 Similarly, there were no changes in
plasma biochemical variables during and after exercise in
horses fed BCAA three times per week for 5 weeks.113

Several studies in humans have demonstrated that
increased amino acid availability early in the postexercise
period modifies protein metabolism in skeletal muscle.114–117
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Specifically, hyperaminoacidemia resulting from ingestion or
intravenous infusion of amino acids increases postexercise
muscle protein synthetic rate and prevents the exercise-
induced increase in protein degradation. Thus, postexercise
amino acid or protein supplementation may promote
anabolism in skeletal muscle during conditioning. Neither
the effects of exercise in muscle protein metabolism nor the
effect of postexercise amino acid or protein supplementation
on these processes have been investigated in horses.

Antioxidants

As discussed, exercise has been linked with an increase in free
oxygen radical species that may cause cellular damage. Thus,
it has been postulated that supplementation of athletes with
antioxidants such as vitamin E or vitamin C will increase
antioxidant status and confer protection against free radical-
associated damage. Although there is evidence in humans
that antioxidant supplementation provides some degree of
protection during periods of increased stress, such as a
sudden increase in training load (see Packer 1997 for
review),32 overall the literature on the effects of antioxidant
supplementation is confusing and no clear recommendations
have emerged for supplementation strategies in human 
athletes. Similarly, the performance effects of large-dose
antioxidant supplementation in horses are unclear. On the
other hand, there is evidence that antioxidant supple-
mentation of horses with recurrent airway obstruction
improves antioxidant status and moderates airway
inflammation.118
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Physical examination

Temperature, heart and respiratory rates are elevated and
after cessation of exercise show a delayed return to resting
values. Although the heart and respiratory rates of an
exhausted and a non-exhausted horse may be similar imme-
diately following exercise, these rates return to normal (heart
rate under 60 bpm, respiratory rate under 25 breaths/min)
within 10–20 minutes of recovery in the non-exhausted
horse but not in the exhausted one. Rectal temperature may
be 42°C or higher. However, measured rectal temperature
may be lower than true body temperature if the horse has
diminished anal sphincter tone. Respiratory rate is elevated in
an attempt to increase respiratory heat loss; heart rate is
elevated to maintain cardiac output. Auscultation of the
heart may reveal cardiac irregularities, capillary refill time 
is increased and both pulse pressure and jugular distens-
ibility are decreased. Dehydration is expressed clinically as
decreased skin turgor, sunken eyes, dry mucous membranes,
firm, dry feces and decreased urine output. Mild signs of
dehydration usually become apparent at a body water deficit
of 4–5%. Subjectively, the sweating response may appear
inappropriate relative to the level of hyperthermia (e.g. a
patchy appearance or, in severe cases, a hot and dry coat).
Despite significant dehydration, affected horses often are not
interested in water or feed. Intestinal stasis commonly occurs
with decreased or absent boborygmi, poor anal tone and,
occasionally, colic.

In severely affected horses, a number of serious com-
plications may develop immediately or over the following 
1–4 days. These include exertional rhabdomyolysis, renal
failure secondary to muscle necrosis and myoglobinuria,
hepatic dysfunction, gastrointestinal dysfunction, laminitis
and central nervous system disorders. Despite intensive
supportive care, the horse may die.

Laboratory examination

In an exhausted horse, routine hematology reveals increased
packed cell volume and plasma protein concentration due to
dehydration. Serum or plasma biochemical analysis may

Exhausted horse syndrome

● Occurs in events that require sustained (endurance)
exercise.

● Clinical signs include depression, hyperthermia, delayed
recovery of heart rate, muscle fasciculations and soreness,
shortened stride and increased capillary refill time.

● Treatment focuses on correction of fluid and electrolyte
deficits and aggressive cooling of the overheated horse.

● Despite extensive supportive care, severely affected horses
may die.

Recognition

In events that require sustained exercise, horses are some-
times pushed past their performance limit and show signs of
what has been termed the exhausted horse syndrome.

History and presenting complaint

The syndrome begins with subtle signs of distress: changes in
the sensory state and attitude of the horse, mild muscle soreness
and small inconsistencies in gait. If exercise is continued, signs
will become more and more pronounced. Muscles start to show
localized hardening and pain on palpation, the gait becomes stiff
and stilted, muscle spasms and cramps may occur, as may syn-
chronous diaphragmatic flutter. Severely affected horses are
often unwilling to continue to exercise and are depressed. They
may even show inco-ordination (ataxia) or become recumbent.

Metabolic diseases of athletic
horses
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show normo- or slight hyponatremia, hypokalemia, hypo-
calcemia (ionized), hypochloremia and associated metabolic
alkalosis.1 Three-day event and combined driving horses
have metabolic acidosis until excess lactate is oxidized. As a
result of muscle exertion or damage, increases in muscle
enzyme activity and plasma phosphorus concentration may
be evident. Plasma creatinine values may be elevated, sug-
gesting a reduction in glomerular filtration rate because of
dehydration. Urine samples appear dark due to myoglobin,
hematuria, proteinuria and glycosuria.2,3

Necropsy examination

Necropsy findings include skeletal and myocardial muscle
damage, gastrointestinal ulceration, renal necrosis and
sometimes renal infarction as well as laminitis.4

Treatment and prognosis

Therapeutic aims

Cooling the overheated horse and fluid therapy to replace
fluid losses and to assist in restoration of circulating blood
volume are essential components of therapy.

Therapy

Exercise must cease to minimize further damage and a horse
with marked elevation in rectal temperature (41°C or
greater) should be cooled down as quickly as possible.
Repeated application of cool or cold water by sponges or by
hosing down and ventilation via a natural breeze or a fan will
enhance heat loss via convection and evaporation. Ice-water
enemas can be effective in a severely compromised patient.
Cooling should continue until the body temperature is
reduced to nearly normal (< 39°C).

For mildly affected horses, rest together with cooling out
and access to water, salt and feed may be sufficient, but if no
improvement occurs within 30 minutes, fluid therapy is
required. In severe cases, fluid therapy should be started
immediately. Under most circumstances, it is better to treat a
horse in the field and not to attempt a trailer ride until it has
been rehydrated. The severely dehydrated horse will need
30–80 L of fluid. In many cases, however, after the first
15–20 L the horse will start to drink and eat and be able to
restore the remaining deficit itself.

Oral administration offers the advantages of speed and
convenience and can be used if the horse has normal gut
sounds. Via nasogastric tube, 5–8 L of fluid can be given
every 30–60 min until the horse shows signs of improve-
ment. Oral administration can be started immediately after
exercise, because consumption of 10–15 L of cool (~ 16°C)
water within 3–5 min of completing exercise is not harmful.5

Isotonic solutions containing sodium, potassium, calcium,
chloride and glucose are often well tolerated and fairly rapidly
absorbed. Commercial electrolyte powders should be those
formulated for horses. For example, electrolyte formulations
designed for use in calves with diarrhea usually contain

bicarbonate, lactate or citrate. Therefore, these preparations
are not the best choice for the treatment of horses with 
exercise-induced dehydration because of their alkalinizing
effects. Hypertonic solutions should also be avoided, because
they may cause a transient reduction in plasma volume due
to movement of water into the bowel lumen.6 Oral adminis-
tration should be halted if any discomfort or gastric reflux
becomes apparent.

If the horse is severely compromised, gut sounds are absent
or gastric reflux is evident, intravenous (i.v.) fluids are indicated.
An i.v. catheter should be placed in a jugular vein. The rate of
fluid administration will depend on the extent of hypovolemia
and dehydration. In severely affected horses, a second catheter
may be inserted to facilitate a rapid rate of fluid administration
(~ 20 L/h) during the first hour. In less compromised patients,
8–10 L/h is a suitable initial rate of fluid administration.
Preferred fluids are isotonic or only slightly hypertonic solutions
containing sodium, potassium, chloride, calcium and glucose
(e.g. Ringer’s solution with 5% glucose). An alternative is 0.9%
saline with glucose and potassium added: 1–3 g of potassium
chloride/L and 5–10 g of glucose/L.4 The added glucose will
also assist in the replacement of energy deficits. Because these
horses often have metabolic alkalosis, lactated Ringer’s solution
or sodium bicarbonate solution is not the best choice, especially
in a severely compromised patient. In hypoproteinemic horses
(e.g. secondary to diarrhea or renal disease), colloids and/or
plasma may be necessary to limit development of pulmonary or
peripheral edema.7

Sometimes non-steroidal anti-inflammatory agents
(NSAIDs) and phenothiazine derivatives such as 
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to the exhausted horse syndrome.



acepromazine are required to control muscle pain and
anxiety. As dehydration and hypovolemia increase the risk for 
NSAID toxicity, these agents should be administered only 
in conjunction with fluid therapy. Flunixin meglumine
(0.5–1.0 mg/kg), phenylbutazone (2.2–4.4 mg/kg) or keto-
profen (0.5–1.0 mg/kg) can be used. Parenteral dimethylsul-
foxide (DMSO) may be administered for its anti-inflammatory
effects.7 Corticosteroids may be indicated in severe cases with
shock and possible pulmonary edema. Heparin (30 000 IU
three times daily s.c.) may be useful to prevent or treat the
effects of hypercoagulability.7

About 50 g of a non-iodized salt (NaCl) and 25 g of potas-
sium chloride should be added to the grain/concentrate and
fed twice a day for several days. During treatment the horse
should be moved as little as possible and severely affected
horses should be rested for several weeks afterwards.

Prognosis

Prognosis is good for mildly and moderately affected horses,
but severely affected horses may die.

Etiology and pathophysiology

The main underlying causes of the syndrome are dehydra-
tion, electrolyte loss and overheating. Depletion of energy
stores in endurance horses, especially during 100 km or
longer rides,8 and high lactate production in event and
driving horses may contribute to the onset of exhaustion.

Dehydration occurs as a result of heat dissipation. Physical
exercise leads to considerable heat production, because only
20–25% of the energy utilized in muscles is converted to
mechanical energy. Evaporation of sweat is the most efficient
means of heat loss during exercise and may be the only
means of heat dissipation in a hot environment. The amount
of sweat produced depends on the horse’s size and fitness, on
work intensity and the environmental conditions. Under cool
climatic conditions, horses may sweat 5–8 L/h but in hot
weather sweat production may amount to 10–15 L/h 
when activity levels are maintained at a high rate (e.g.
15 km/h). During endurance competitions, horses routinely
lose 4–7% of their bodyweight but in hot conditions, net
water loss may be about 40 L or close to 10% of bodyweight.9

Respective values during the endurance phase of three-day
eventing range from 2% to 4% of bodyweight under normal
conditions10 and in hot conditions deficits greater than 9% of
bodyweight have been reported.11 During sweating, water is
mainly lost from the extracellular fluid and the consequent
decreases in blood and plasma volumes12 can reduce perfu-
sion in skeletal muscle and in other vital organs. Inadequate
tissue perfusion leads to inefficient oxygen and substrate
transport, and hampers thermoregulation. If severe, this car-
diovascular compromise may contribute to impaired renal
function and partial renal shutdown.

Sweating-induced dehydration is always accompanied by
electrolyte loss. Equine sweat is isotonic or slightly hypertonic
relative to plasma and contains high concentrations of

sodium, potassium and chloride and also some calcium and
magnesium.9 Abundant sweating will incur significant ion
deficits; these will lead to alterations in skeletal muscle ion
content, increasing the potential for muscular dysfunction
and contributing directly to fatigue.13

Because of sweating, the most consistent acid–base alter-
ation associated with endurance horses in a hot environment
is metabolic alkalosis. These horses exercise at moderate work
intensities at a fairly constant speed between 10 and 20 km/h
and rely almost totally on aerobic energy metabolism, pro-
ducing very little or no lactate. Typical plasma lactate con-
centrations during such exercise are 1.0–3.3 mmol/L.14 The
degree of metabolic alkalosis is dependent on the severity of
hypochloremia and hypokalemia.4 Hypochloremia is associ-
ated with an increase in plasma bicarbonate because in the
kidney when chloride concentration is low, bicarbonate
(HCO3

–) is resorbed. As plasma sodium concentration tends
to decrease due to loss in sweat, the kidney conserves sodium
at the expense of potassium and hydrogen ions, which also
contributes to the alkalosis.4 Potassium, magnesium, and
calcium depletion associated with metabolic alkalosis may
alter membrane potential and neuromuscular transmission,
contributing to gastrointestinal stasis, cardiac arrhythmias
and muscle cramps and spasms including synchronous
diaphragmatic flutter.9

The situation differs during the endurance phase in three-
day eventing and the marathon phase in combined driving,
during which anaerobic metabolism significantly contributes
to energy transduction, plasma lactate concentrations are
very high (up to 38.5–40.2 mmol/L)15,16 and horses develop
metabolic acidosis. After exercise, the acidosis is resolved
through oxidation of lactate during a 30-min to 2-h period.
Thereafter, metabolic alkalosis prevails.10

In an effort to maintain blood volume, significant dehy-
dration and electrolyte loss result in impairment in the
efficiency of sweating and evaporative cooling. Heat dissipa-
tion is markedly compromised when dehydration is severe 
(> 10% of bodyweight).17 If exercise is continued, the ther-
moregulatory system will be overwhelmed and this will lead
to an excessive elevation of body temperature (hyperther-
mia). Ultimately this may cause life-threatening heat stroke,
with damage to the central nervous system. Heat stroke is
more often observed in three-day horses and combined
driving horses that do fast anaerobic work at a high rate of
heat production, but it may also occur in endurance horses.

Epidemiology

Exhausted horse syndrome is most often seen in association
with long-distance riding, but may also be seen in horses
competing in the endurance phase of three-day eventing or
in the marathon phase of combined driving, in which horses
perform moderate- and high-intensity exercise for a period of
1–2 hours, depending on the level of competition. As
ambient temperature and humidity and the duration of exer-
cise increase, the incidence of exhausted horse syndrome
rises. For example, in 160 km endurance rides, about half the
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horses may retire from the competition or be eliminated at
veterinary checks.18

Prevention

The first prerequisite for a successful endurance competition
is that the horse is truly fit and healthy. Mild, undetected
lameness may cause a horse to compensate and overuse some
muscle groups. Pain also may lead to peripheral vasocon-
striction and poor blood flow. These factors may contribute to
the onset of exhaustion. But even fit and healthy horses may
be over-ridden. Therefore, in the heat of competition riders
have to keep a cool head and be alert to any changes in the
condition of their horse.

During transport, a horse typically experiences substantial
loss of weight (approximately 3 kg/h of transport) and will
become dehydrated.5 The horse therefore requires sufficient
time to recover from a long trailer ride such that hydration state
and electrolyte balance are normal at the start of the event.

Hyperhydration prior to exercise has been shown to be
beneficial in human athletes who exercise for prolonged
periods, but it is difficult to achieve in horses because they
refuse to drink excess amounts of water and electrolyte solu-
tions voluntarily. Such fluids can therefore be supplied only
by nasogastric intubation or intravenously. This may,
however, be forbidden by doping regulations.

Athletic horses do not regulate their salt intake according
to need, at least not when offered salt from salt blocks.19 It is
therefore wise to include salt and other electrolyte supple-
ments in their diet. Electrolyte loading by feeding supplemen-

tal electrolytes for several days prior to competition is not
effective because the kidneys readily excrete excess elec-
trolytes within a few hours of administration. Nevertheless,
electrolytes administered in the few hours immediately before
a prolonged exercise competition may be of benefit if ade-
quate water is also ingested.6

During the endurance ride, it is critical to give the horse a
chance to drink as often as possible. Horses should be taught to
drink electrolyte solutions because plain water, although better
than nothing at all, is inadequate. Water intake without elec-
trolyte replacement exacerbates dilution of sodium in the extra-
cellular fluid such that the osmotic thirst stimulus is mitigated.
An isotonic, polyionic electrolyte solution that replaces some of
the electrolyte deficit is therefore more beneficial. Frequent
sponging of the horse with cool water will assist in evaporative
heat loss and cool the horse. However, riders should keep in
mind that especially during warm and hot climatic conditions,
even when a horse is a good drinker, it is impossible to compen-
sate for all the losses during the ride. It is therefore important to
monitor the horse very carefully and adjust the speed accord-
ingly or retire from the ride if necessary.

In the endurance phase of three-day eventing and in the
marathon phase of combined driving, the sequence of the
competitions does not allow for proper rehydration because
the 10-minute rest occurs towards the end of the ride. It is
unlikely that fluid consumed at this point will be absorbed in
time to significantly assist rehydration and thus improve per-
formance. On the contrary, if a large volume of fluid is given,
the extra weight that the horse must carry could limit per-
formance during the last part of the competition. Therefore,
in hot weather, the best strategy is to use the rest periods to
effectively cool the horse.

During the recovery period, the fullest restoration of fluid
losses can be achieved by the inclusion of salts in the ration
and by allowing free access to both isotonic electrolyte solu-
tion and water. Achieving complete replenishment of fluid
and electrolytes is important because in the case of multiday
rides, horses may fail to replenish bodyweight losses
overnight and may enter the next day’s competition with
some degree of dehydration. Our own studies have shown
that a persistent bodyweight deficit of 2% or more impairs
performance on the following day.12

Good veterinary supervision is vital to prevent horses from
being over-ridden by excessively ambitious riders. At vet
gates, horses must be carefully monitored when deciding
whether they are ‘fit to continue’. Attending veterinarians
should also be well prepared to handle any metabolic disor-
ders and other problems that may occur.

Synchronous diaphragmatic
flutter (thumps)

● Occurs in events that require sustained exercise.
● Clinical signs include a rhythmic convulsive motion in 

one or both flanks that is synchronous with each heart beat.
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● Treatment consists of fluid therapy to replace loss by
sweating.

● It is not a life-threatening condition, but may lead to more
dangerous metabolic problems if exercise is continued.

Recognition

History and presenting complaint

Synchronous diaphragmatic flutter (SDF) is evident as a rhyth-
mic movement, twitching or convulsive motion in one or both
flanks of the horse that is synchronous with each heart beat.
Signs of dehydration and exhaustion often accompany SDF.

Laboratory examination

Typical laboratory findings include hypocalcemia (ionized),
slight hyponatremia, hypokalemia, hypochloremia, hypo-
magnesemia and hyperphosphatemia. Hemoconcentration
and metabolic alkalosis are also commonly observed.

Treatment and prognosis

Therapy

Synchronous diaphragmatic flutter may resolve on its own
and no treatment is required provided the animal is eating
and drinking voluntarily. If treatment is required, calcium
administered by slow intravenous injection will frequently
result in rapid recovery. Normally 100–300 mL of 20%
calcium borogluconate is sufficient.20 The heart must be con-
tinuously auscultated during this procedure for assessment of
heart rate and rhythm: if irregularities develop, calcium
administration should be discontinued.

When SDF occurs in association with sustained athletic
stress, many horses will also respond to treatment with isotonic
or slightly hypertonic polyionic fluids (Ringer’s with 5% glucose;
regular saline with some glucose and potassium added: 1–3 g of
potassium chloride/L and 10 g of glucose/L) administered
intravenously.4 This treatment offers less chance of cardiac
problems than with the i.v. 20% calcium borogluconate
infusion.

Prognosis

Synchronous diaphragmatic flutter is not a life-threatening
condition but does indicate an electrolyte imbalance which, if
allowed to progress, may lead to more dangerous metabolic
problems.

Etiology and pathophysiology

Alterations in acid–base and electrolyte balance may alter 
the membrane potential of the phrenic nerve, allowing 
it to discharge in response to an electrical impulse associated
with atrial depolarization. Such stimulation is possible because
the phrenic nerve, which originates in the cervical spine,
courses over the atria before terminating in the diaphragm.

After prolonged exercise, particularly in the heat, large
quantities of sodium, potassium and chloride and also some
calcium and magnesium are lost in sweat9 and horses
develop metabolic alkalosis. Alkalosis increases binding of
calcium to albumin and thus less calcium is present in ionized
form. In addition, stress and subsequent increases in cortisol
may lower calcium levels. The resultant hypocalcemia, espe-
cially that of ionized calcium, affects sodium channels in
neurons and results in a lowered threshold potential of the
phrenic nerve, thus allowing depolarization.9

Synchronous diaphragmatic flutter often occurs following
a rest stop because if the horse is rehydrated without elec-
trolyte intake, the water replenishment further dilutes Ca++

and K+ and exacerbates metabolic alkalosis.

Epidemiology

Synchronous diaphragmatic flutter is most often associated
with sustained athletic stress but may also be seen in colic,
lactation tetany, shipping, blister beetle toxicosis and urethral
obstruction.21 It may occur following administration of
furosemide and sodium bicarbonate.22

Prevention

Dietary supplementation with calcium and other electrolytes is
recommended in horses used for prolonged exercise tasks.
However, excessive calcium feeding (e.g. alfalfa hay diets) is
generally not recommended because high calcium intake may
reduce the activity of calcium homeostatic mechanisms.
During prolonged exercise, frequent consumption of balanced
ion solutions to avoid extreme electrolyte depletion will reduce
the incidence of SDF as well as that of other metabolic problems.

Synchronous diaphragmatic flutter is a sign of metabolic
problems and exercise should be discontinued to prevent
development of more serious disorders. In endurance compe-
titions, SDF is a sufficient reason for elimination of the horse
from the competition.

Hormonal disturbances

Endocrine dysfunction as a cause of reduced performance in
horses is poorly documented. Much has been made of
hypothyroidism and adrenal exhaustion, but few data
support their existence.

Thyroid gland

Hypothyroidism

● Controversy exists over its true incidence in sport 
horses.

● Clinical signs attributed to hypothyroidism include weight
gain, poor performance and myopathies.
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● Diagnosis should never be based on a single low thyroid
hormone value.

● Treatment consists of ascertaining adequate dietary
intake of iodine and supplementation with thyroid
hormones.

Recognition

Hypothyroidism is defined as a deficiency in thyroid activity. It
has been identified as a cause of poor performance and
myopathies in racing horses.23

History and presenting complaint

Clinical signs frequently attributed to hypothyroidism include
weight gain, lethargy, poor coat and skin, cresty neck, exer-
cise intolerance, exertional rhabdomyolysis, laminitis, fertil-
ity problems, agalactia, retarded growth and enlarged
thyroid glands (goiter).24,25 In most adult horses the thyroid
glands, which are located at the dorsal aspect of the trachea
just distal to the pharynx and made of two discrete firm lobes
connected by a narrow isthmus, are barely detectable by
palpation.

Signs similar to those attributed to hypothyroidism are
seen in adult horses after thyroidectomy. These include
reduced resting heart and respiratory rates, resting body tem-
perature and cardiac output, but increased blood and plasma
volumes.26 Thyroidectomized horses develop edema of the
rear limbs, a dull and coarse coat and lethargy.27 After thy-
roidectomy, changes occur also in blood lipid concentrations:
triglycerides and total cholesterol increase and non-esterified
fatty acids decrease.28

Laboratory examination

Diagnostic testing is often limited to measurement of total
and free tri-iodothyronine (T3) and thyroxin (T4) concentra-
tions. In the circulation, the thyroid hormones are bound to
plasma proteins, with free thyroid hormones constituting
only about 1% of the total. Reported reference ranges for
normal horses are 0.32–1.23 nmol/L for total T3 and
15–74 nmol/L for total T4 concentrations.29 However,
hypothyroidism should never be diagnosed on the basis of a
single low value, because several factors influence the con-
centrations of T3 and T4. Circulating levels show some
diurnal variation, because thyroid-stimulating hormone
(TSH) is released in a pulsed manner and mainly in the after-
noons.30 Thyroid activity increases as horses acclimatize to
colder climates and decreases as horses acclimatize to
warmer climates. After a high carbohydrate diet, serum T3
increases and serum T4 decreases24 and prolonged food
restriction results in decreases in total and free T3 concentra-
tions.31 González and co-workers32 reported a sudden
increase in T3 in response to an acute race stress and Irvine33

reported T4 to increase with training. In mares, stage of
estrus cycle also affects T4 concentrations.24 Most impor-
tantly, any concurrent disease condition may lead to a
decrease in circulating serum T3 and T4. Furthermore,
certain medications, including phenylbutazone and cortico-
steroids, will lower thyroid hormone concentrations.30,34

Diagnostic confirmation

Hypothyroidism may be confirmed by a thyroid-releasing
hormone (TRH) stimulation test, e.g. 1 mg of synthetic TRH
injected intravenously.29 Four hours after TRH injection in
healthy horses, serum total T3 and T4 concentrations are
more than double that before injection.29 Similarly, T3 con-
centration increases fivefold (peak at 2 h) and T4 more than
twofold (peak at 4 h) after administration of TSH, (5 IU intra-
venously).29,36,37 Primary thyroid deficiency may be con-
firmed by minimal response to stimulation.26 Unfortunately,
in practice situations the use of these function tests is limited
by the availability and cost of TSH and TRH.

Treatment and prognosis

Therapeutic aims

The first step in formulation of a treatment plan is to as-
certain that dietary intake of iodine is adequate. The NRC
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Fig. 37.3
Release of thyroid hormones is under the control of
hypothalamic and pituitary hormones, with the release of
those being under negative feedback regulation by thyroid
hormones. Both low and high concentrations of thyroid
hormones may be harmful as indicated by the signs of 
hypo- and hyperthyroidism.

Age T4 (�g/100 mL) T3 (ng/100 mL)
Mean Min–max Mean Min–max

1.5–4 months 4.0 2.9–5.3 193 135–270
2–5 years 1.9 1.2–2.9 120 72–180
6–10 years 1.7 1.3–2.2 86 48–118

11–25 years 1.6 0.9–2.2 84 47–145

Table 37.1 Serum T4 and T3 concentrations in a population 
of clinically healthy horses by age group35



recommends a minimum daily intake of 0.1 mg/kg of
feed.38 If correction of dietary deficiency does not solve 
the problem, replacement hormone supplementation is 
indicated.

Therapy

Because T3 is formed from T4 by deiodination, supplementa-
tion with T4 should be effective unless there is a deiodination
defect. An oral dose of 5–20 �g T4 per kg bodyweight once
daily has been recommended26,30 and if T3 is to be used, a
recommended oral dose is 0.6 �g/kg twice daily.26 Clinical
response to therapy will take at least 2 weeks. Hormone levels
should be monitored periodically and thyroid function and
dosages reassessed. Overdosage should be avoided because it
may lead to loss of muscle mass, poor performance, muscle
strain and hyperexcitability.39

Prognosis

Thyroid hormones have a wide array of functions but are not
essential for life in adults. Supplementation therapy will
usually alleviate clinical signs of hypothyroidism and
improve performance.

Etiology and pathophysiology

Hypothyroidism can result from abnormalities in the forma-
tion, secretion, transport or metabolism of thyroid hormones.
Primary hypothyroidism results in inadequate production of
T3 and T4 by the thyroid gland. This can result from a
deficiency (< 1 mg/day) but also from excess (> 35 mg/day)
iodine intake. Some supplements, particularly those contain-
ing kelp, are extremely high in iodine.24 Additionally, malnu-
trition (hypoproteinemia), ingestion of goitrogenic feeds (e.g.
raw soybeans, cabbage, turnip, rapeseed, white clover) and a
catabolic state due to excessive training or chronic disease
may cause hypothyroidism.24,38,40 In secondary hypo-
thyroidism, there is a deficiency of TSH from the pituitary
gland and in tertiary hypothyroidism an inadequate quantity
of TRH is released from the hypothalamus.

Epidemiology

Congenital hypothyroidism of foals is a well-established
entity,41,42 but controversy exists over its true incidence in
adult horses.43 Although no controlled studies have
confirmed an association between serum thyroid concentra-
tions and poor performance, on the basis of an apparent
response to exogenous thyroid hormone treatment many
practitioners consider hypothyroidism to be a real clinical
syndrome.

Prevention

Ascertain that dietary intake of iodine is adequate.

Hyperthyroidism

● Occurs due to high iodine intake or thyroid tumors.
● Clinical signs include weight loss despite ravenous

appetite, elevated body temperature, excessive sweating
and polydipsia.

● Blood samples show increased thyroid hormone
concentrations.

● Treatment consists of ascertaining appropriate dietary
iodine intake, antithyroid treatment or unilateral 
thyroidectomy.

Recognition

Hyperthyroidism is defined as an excess in thyroid activity.

History and presenting complaint

One or both thyroid glands may be enlarged. The horse may
be emaciated, tachycardic, pyrexic, polydipsic, enophthalmic
and alopecic, and sweat excessively. The horse may also be
hyperexcitable and have a ravenous appetite.42

Laboratory examination

Blood samples show increased thyroid hormone 
concentrations.44

Diagnostic confirmation

A tri-iodothyronine suppression test may be effective to
confirm the diagnosis.44 In mares, high thyroid hormone
levels without clinical signs may be evident during 
pregnancy.30

Treatment and prognosis

When hyperthyroidism is suspected, the first step is to ascer-
tain that dietary intake of iodine is acceptable. In mature
horses daily iodine intake should not exceed 35 mg per day.
In addition to feeds, other products such as leg paints and
shampoos containing iodine can be the source of excess
iodine. If the problem is not solved after dietary correction,
antithyroid treatment such as 1 g potassium iodide orally per
day can be tried.30 If this treatment is ineffective, a unilateral
thyroidectomy may be considered.44 If severe distress from
thyrotoxicosis occurs, glucocorticoids may alleviate the
signs.30

Etiology and pathophysiology

Horses may develop accelerated thyroid hormone production
due to high iodine intake,30 and hyperthyroidism has also
been reported in elderly horses with thyroid adenoma or
adenocarcinoma.44,45
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Epidemiology

Hyperthyroidism is rare; it may be associated with thyroid
tumors, which are moderately common in aged horses.45 In
race horses, cases of hyperexcitability associated with hyper-
thyroidism have been reported.46

Prevention

Ascertain that dietary intake of iodine is not excessive.

Adrenal glands

Adrenal exhaustion 
(hypoadrenocortism, adrenal
insufficiency, steroid letdown
syndrome,Addison’s disease)

● May develop after discontinuation of prolonged adminis-
tration of glucocorticoids or anabolic steroids, colic and
endotoxemia, or hard training.

● Clinical signs include depression, anorexia, weight loss
and poor performance.

● Diagnostic confirmation requires an ACTH stimulation
test.

● Treatment consists of avoidance of stress and supplemen-
tation with small quantities of corticosteroids.

Recognition

History and presenting complaint

Clinical signs attributed to adrenal exhaustion include
depression, anorexia, weight loss, mild abdominal discom-
fort, poor coat and lameness. In adrenalectomized rats, exer-
cise induces a less pronounced increase in muscle lactate
concentrations, a less pronounced decrease in liver and
muscle glycogen concentrations, much lower blood glucose
concentrations and decreased exercise time to fatigue when
compared to intact rats.47

Laboratory examination

Serum chemistry may be normal or hyponatremia, hypo-
chloremia, hyperkalemia or hypoglycemia may be found.
Measurement of cortisol levels is complicated by a number of
factors that affect cortisol release in response to emotional
and particularly physical stress, and is further complicated by
circadian and ultradian fluctuations in total and free plasma
cortisol concentration.

Diagnostic confirmation

Confirmation of the diagnosis requires an adrenocorti-
cotrophin (ACTH) stimulation test, e.g. 25 IU synthetic
ACTH intravenously.48 In healthy horses 2–4 hours after 
an ACTH injection, plasma cortisol concentration is 
more than twice that before injection but in adrenal 
exhaustion, plasma cortisol concentration will be 
diminished.49–51

Treatment and prognosis

Treatment consists of strict avoidance of any stress. Small
daily quantities of corticosteroids may be helpful.
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The hormones produced by the adrenal cortex and medulla
and their primary effects on metabolism, electrolyte balance
and cardiovascular system.
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Fig. 37.5
Hypothalamic and pituitary hormones that are under feedback
regulation by circulating cortisol control the release of
cortisol from the adrenal cortex. Hypoadrenocorticism may
be due to colic, endotoxemia or intensive training and also
may be caused by cessation of exogenous glucocorticoid or
anabolic steroid administration. Pituitary adenoma (equine
Cushing’s disease) is the most common cause of
hyperadrenocorticism in horses.These tumors secrete ACTH,
thereby resulting in hypercortisolemia.



Etiology and pathophysiology

Most cases involve sudden cessation of exogenous glucocorti-
coid or anabolic steroid administration following prolonged
treatment regimens.49,52 Naturally occurring adrenal ex-
haustion may be secondary to adrenal atrophy following condi-
tions such as colic and endotoxemia, as the gland is a shock
organ.53 In normal Thoroughbred horses, hard training and
racing at a high level may cause a decline in basal and ACTH-
stimulated cortisol concentrations.50 Moreover, poorly perform-
ing red cell hypervolemic Standardbred horses have lower
cortisol concentrations than do untrained or normally perform-
ing horses.51 Furthermore, in red cell hypervolemic horses,
ACTH injection results in a smaller increase in plasma cortisol
concentration than in trained normovolemic horses, which
suggests that adrenal exhaustion may be a component of this
syndrome.51

Cortisol deficiency reduces exercise capacity by depressing
energy mobilization. Lipolysis is reduced, which in turn reduces
the amount of free fatty acid available for aerobic energy metab-
olism. Gluconeogenesis decreases, which reduces carbohydrate
availability. Cortisol deficiency also causes diminution of the
important permissive effect of glucocorticoids on cate-
cholamine action and causes apathy via direct neural effect.46

Epidemiology

Adrenal exhaustion is poorly documented in horses.

Hyperadrenocorticism (Cushing’s
disease)

● Primarily due to pituitary (pars intermedia) tumors.
● Clinical signs include long curly-hair coat, weight loss,

muscle wasting, polydipsia, polyuria and poor performance.
● The most consistent clinicopathologic finding is 

hyperglycemia.
● Treatment with a serotonin antagonist or a dopamine

agonist may ameliorate clinical signs.

Recognition

History and presenting complaint

The condition most often occurs in horses older than 12 years.
They usually present with a history of weight loss, muscle
wasting, lethargy and an abnormally long curly-hair coat that
fails to shed at the appropriate time. Horses are often polydipsic
and polyuric. Mares may show abnormal estrus cycles. 
Recurrent infections due to immune suppression and chronic
laminitis have also been associated with the disease.

Laboratory examination

The most consistent finding is hyperglycemia, which in many
cases also results in glucosuria and osmotic diuresis. A blood

sample may also reveal neutrophilia and hyperlipemia. Blood
cortisol concentration may be elevated, but this is not a con-
sistent finding. Couetil et al54 have suggested that plasma
ACTH concentration determined with a commercial human
radio-immunoassay can serve as a sensitive indicator of
Cushing’s disease in horses and ponies.

Necropsy examination

Post-mortem examination reveals a variably sized tumor of
the intermediate lobe of the pituitary and hypertrophy of the
adrenal cortex.

Diagnostic confirmation

Diagnosis should be confirmed by laboratory tests because
neglect, poor dental care, parasites and other underlying
systemic illnesses may lead to many of the same clinical
signs. Confirmation may be achieved through detection of a
poor response to a dexamethasone suppression test (DST)
and an exaggerated response to an ACTH stimulation test.55

A TRH response test and glucose tolerance test may also be
used.56

Treatment and prognosis

Treatment is usually attempted with the serotonin antagonist
cyproheptadine or the dopamine agonist pergolide mesylate.
Clinical experience has indicated that pergolide is the treat-
ment of choice. An initial dose of 0.001 mg/kg per day
(0.5 mg/day for a 500 kg horse) is recommended. The horse
should be re-evaluated (e.g. with a DST) after 4–8 weeks of
treatment. If there has been no clinical improvement, the
dose may be increased by 0.25 mg per day until improvement
in clinical signs or results of a DST. When an effective dose is
established, the horse is maintained on that dose for life. The
results of cyproheptadine treatment have been less con-
sistent. The recommended dose for initial treatment is
0.25 mg/kg once daily. If no improvement occurs, the dose
may be increased to 0.5 mg/kg once daily or 0.25 mg/kg
twice daily.55,56

These drug treatments do not affect tumor size, but may
reduce the secretion of ACTH and other peptides. Signs
caused by excess ACTH will usually be ameliorated in 6–8
weeks. Horses with long thick hair coats that do not shed
should be body clipped.

Etiology and pathophysiology

Chronically elevated blood cortisol has a number of potential
effects. It may lead to hyperglycemia via stimulation of gluco-
neogenesis. Muscles become more prone to fatigue and often
exhibit marked weakness and wasting. A high cortisol 
concentration may contribute to polyuria and polydipsia 
by antagonizing antidiuretic hormone activity, and promote
immunosuppression and mediate the development of lamini-
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tis. Hypercortisolemia may also cause polycythemia with
inappropriately increased blood viscosity, which places an
increased load on the cardiovascular system.46 In addition,
the tumor mass of the pituitary adenoma can impinge upon
surrounding structures, resulting in a variety of neurologic
abnormalities.

Epidemiology

Adrenal tumors are almost unknown in horses as a cause of
hyperadrenocorticism. However, pituitary adenomas,
which are commonly reported in older horses, are associ-
ated with increased ACTH production, resulting in hyper-
adrenocorticism accompanied by an increase in circulating
cortisol.

Problems associated with
training programs

Surveys indicate that the most common reason why young
race horses are withheld from training and racing is some
form of lameness, with respiratory disease the next most
common cause. However, when no apparent abnormality
can account for the alleged poor or reduced performance, an
evaluation of the management and training program is indi-
cated. Critical assessment of training programs can be
difficult because even within a given equine sport, there is
wide variation in successful training programs.

Over-reaching (overloading, short-term
overtraining)

● Occurs due to short-term maladaptation to training.
● Clinical signs include decreased appetite, irritability,

muscle soreness and reluctance to exercise.
● Treatment consists of rest for up to 2 weeks.
● Training program needs to be evaluated to prevent 

recurrence.

Recognition

History and presenting complaint

Short-term maladaptation to training that causes fatigue and
poor performance due to insufficient metabolic recovery is
called over-reaching. As for true overtraining, the condition
is characterized by immediate or delayed onset of muscle
soreness, stiffness and performance decrement, and by
decreased appetite, as well as behavioral changes (irritabil-
ity), including a reluctance to exercise.

Laboratory examination

Blood samples may show increased activity of muscle
enzymes (aspartate aminotransferase (ASAT), creatine
kinase (CK) and lactate dehydrogenase (LDH)).

Treatment and prognosis

The problem is solved with up to 2 weeks of rest and proper
nutrition. In horses, recovery of glycogen stores is slower
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than in other species and may take up to 3 days.57 For the
most part, muscles repair themselves in up to 7–10 days and
in doing so, produce an adaptation or training effect.

Etiology and pathophysiology

This condition occurs when the volume of training is too
great or the interval between workouts is too short, resulting
in acute or cumulative depletion of energy stores and damage
to muscle cells. Recovery usually occurs within a few days.58

Epidemiology

Young horses at the beginning of their training are especially
susceptible to this condition when too much is attempted too
soon. It may, however, also occur in well-trained horses if
training is dramatically increased or the workout routine
altered.

Prevention

A new exercise program should begin slowly, with increases
in intensity or duration of a workout schedule being accom-
plished gradually. As a general rule, to minimize the risk of
over-reaching, horses should not perform the same type of
strenuous conditioning exercise on consecutive days.

Overtraining (long-term 
training-competition recovery
imbalance, staleness)

● Occurs due to long-term imbalance between training and
recovery.

● Clinical signs include decreased performance capacity,
weight loss and behavioral changes.

● Treatment consists of rest for up to 3 months.
● Training program needs to be evaluated to prevent 

recurrence.

Recognition

Overtraining is defined as a loss of performance ability, despite
the maintenance of or an increase in training effort, which
cannot be explained by any discrete pathology. Athletic
performance deteriorates and affected horses must reduce 
or cease training for variable periods of time to allow
recovery.59

History and presenting complaint

The syndrome has been characterized by decreased perform-
ance capacity and loss of weight, as well as behavioral
changes (irritability), including a reluctance to exercise.48

Affected horses often show clinical signs consistent with
psychic stress, including a nervous demeanor, tachycardia,
muscle tremor, sweating and diarrhea. These signs may
occur before a race or in connection with training. Poor
appetite is another common clinical sign in overtrained
horses. Horses may also have increased susceptibility to infec-
tions, which in human athletes has been attributed to
decreased concentrations of glutamine,60 but no such
decrease has been detected in horses.61

Laboratory examination

No single change occurs with sufficient consistency to identify
the individual horse which is overtrained. Therefore, as yet no
specific biological markers have been identified to help predict
the onset of overtraining.58,62 The serum activities of AST and
CK are often increased due to muscle damage, but because
muscle damage can occur in horses that have not been over-
trained, an increase in AST or CK activity cannot be used as a
definitive marker of overtraining.58,62 In overtrained human
athletes, increased concentrations of urea have been taken as
an indication of increased protein catabolism, but such
changes have not been detected in the horse, suggest-
ing that in horses overtraining is not associated with
proteolysis.62

Diagnostic confirmation

Signs of overtraining persist after 2 weeks of a reduced train-
ing load. However, because chronic fatigue can be the pre-
senting symptom of many diseases, any medical conditions
that cause chronic fatigue must be excluded.

Treatment and prognosis

An extended rest for 30–90 days is needed to reverse 
overtraining.
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Etiology and pathophysiology

In training, the concept of progressive loading is applied to
continually challenge body systems to adapt such that they
are better able to perform the tasks demanded. Adaptation to
any workload imposed at one point will not be seen until
some point in the future, because the body requires time to
respond. Overtraining is an imbalance between training and
recovery, exercise and exercise capacity, stress and stress tol-
erance. Incorrect nutrition may contribute to the overtrain-
ing syndrome. Chronic fatigue, lack of training progress and
injuries are common outcomes.

The physiologic features of overtraining are still poorly
understood. In addition to depletion of energy stores and
damage to muscle cells, it probably involves endocrine imbal-
ance. Hormones are essential for physiologic reactions and
adaptations during exercise and influence the recovery phase
after exercise by modulating anabolic and catabolic
processes. In overtrained human athletes, disorders of hor-
monal regulation at pituitary–hypothalamic level, adrenal
exhaustion and a consequent reduction in blood cortisol,
downregulation of peripheral and perhaps central �-adren-
ergic receptors and also downregulation of neuromuscular
transmission have been claimed to occur.63–65 Also in over-
trained horses postexercise plasma cortisol concentration is
reduced,66 but both increased and decreased adrenocortical
responsiveness to ACTH administration have been
reported.48,62

Epidemiology

Overtraining is primarily related to a sustained high train-
ing load, such as that undertaken by Standardbred and
Thoroughbred race horses.

Prevention

Increase in training load should be moderate, so that the
horse has time to respond to the present load before any new
requirement is imposed. Monotonous training should be
avoided. After strenuous exercise, recovery is essential to
allow time for training gains to take place and to permit
further heavy work. Even when the training load is
increased, the program for light exercise days should not be
increased. Every third to fifth week should be considerably
easier than the rest of the training program, to allow time for
full recovery.

No two horses react the same to an equivalent exercise
regimen. Each horse should therefore be monitored daily by
measurement of resting heart rate and rectal temperature, 
by palpation of legs and muscles for swelling and soreness,
by assessment of gait for any irregularities and by obser-
vance for any change in attitude or appetite. If any irregu-
larities are noted, training volume should be reduced 
or a short rest period given. Adequate nutrition must be
maintained.

Training-induced polycythemia (red cell
hypervolemia, erythrocytosis)

● Occurs in association with long-term high-intensity 
training.

● Clinical signs may be absent except for a history of a rapid
decline in performance after several years of racing.

● Blood samples show excessively high working hematocrit
and hemoglobin values.

● Treatment consists of rest over 6 months, but poly-
cythemia may signal the end of a successful racing career.

Recognition

Polycythemia has been described in Standardbred trotters.
The condition is defined as a postexercise elevation of red
blood cell count, packed cell volume and hemoglobin concen-
tration above those levels considered normal.

History and presenting complaint

Horses are usually presented with a history of a rapid decline
in racing performance after 3–4 years of racing.67

Physical examination

Polycythemic horses are often free from symptoms at rest,
although Persson & Forssberg68 have suggested an associa-
tion between polycythemia and T-wave abnormalities in the
electrocardiogram. The performance of affected horses in a
submaximal standardized exercise test is similar to that of
normovolemic horses, but polycythemic horses have reduced
exercise capacity during racing.67 Polycythemic horses and
normovolemic horses show no differences in oxygen uptake,
the maximum difference in arteriovenous oxygen content,
heart rate, stroke volume, cardiac output or systemic arterial
pressure, but polycythemic horses show higher pulmonary
arterial pressure.69 The latter may contribute to the high
incidence of exercise-induced pulmonary hemorrhage in red
cell hypervolemic horses.69

Laboratory examination

High postexercise values for hematocrit (> 65%) and hemo-
globin concentration (> 240 g/L) suggest that polycythemia
could be the problem. However, dehydration must be ruled
out because a reduction in plasma volume will induce
increases in red blood cell count, hematocrit and hemoglobin
concentration.

Diagnostic confirmation

Diagnosis should be confirmed by measurement of total red cell
volume. This involves measurement of postexercise hematocrit
and plasma volume, the latter by use of the Evans blue dye
dilution method.70 For normovolemic adult trotters, red cell
volumes are between 60 and 90 mL/kg71 and for hypervolemic
horses (4 years and older), between 90 and 115 mL/kg.67
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Examination of middle gluteal muscle biopsy samples 
may yield useful information. Muscle capillary density is lower
in red cell hypervolemic horses, while mitochondrial volume,
estimated from NADH tetrazolium dehydrogenase activity in
type II B muscle fibers, is higher in red cell hypervolemic when
compared to normovolemic horses.72,73

Treatment and prognosis

As polycythemia seems to be a very persistent condition 
in Standardbred trotters, it has been suggested that its
recognition may signal the end of a successful racing
career.67 Practitioners report that phlebotomy (4–5 L) will
improve performance capacity of horses for only 2–3 weeks.
Six months or more of rest without high-intensity training
will usually reduce the red cell volume, but as training is
resumed the condition frequently recurs. Castrating intact
males to reduce circulating testosterone levels has also been
suggested to be beneficial.

Etiology and pathophysiology

The etiology of this condition is not known. Intermittent
hypoxia associated with regular strenuous exercise is
thought to stimulate erythropoietin release and red cell
production. This increase in red cell mass is presumably an
important mechanism of training-associated increases in
athletic capacity. Indeed, a significant correlation exists
between blood volume and kilometer time in trotters. On the
other hand, marked increases in blood viscosity associated
with red cell hypervolemia may increase peripheral resist-
ance, decrease cardiac output and impair tissue oxygena-
tion.74 These effects may underlie the reduction in athletic
performance observed in trotters with polycythemia.
Affected horses have lower muscle capillarization that may
hamper the efflux of lactate from contracting skeletal
muscle.72,73

Stallions are more likely to develop polycythemia than are
mares and geldings, because on average they have a
significantly higher red cell volume, due to high testosterone
production. Abuse of erythropoietin and anabolic steroids
may also cause or contribute to secondary polycythemia.75,76

Epidemiology

Polycythemia associated with prolonged fast work training
has been reported in Standardbred trotters, but in other
horse breeds it appears to be rare.58,62,67,70,77 Training-
induced polycythemia with impaired racing performance was
first described in Scandinavia.70 Typical features for the ath-
letic career of these horses are intensive training with much
high-intensity work, frequent racing (30 or more races per
year) and a long racing career (up to 10 years).
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sports medicine literature, namely that maintenance of fluid
and electrolyte balance prevents dehydration and provides
thermoregulatory and cardiovascular stability.3–12 Data
demonstrate that optimal fluid and electrolyte balance delays
the onset of fatigue. The present chapter reviews the current
literature on the effects of exercise on fluid balance and renal
function in horses.

Body fluid compartments

Like all animals, the body of the horse is primarily composed
of water and electrolytes. Those solutions are compartmen-
talized within and outside the cells. This combination of
intracellular and extracellular water is referred to as the total
body water (TBW). The TBW accounts for 50–70% of body-
weight, or 250–350 kg of the bodyweight of a typical 
500-kg horse.1,2,9 TBW can be measured using various indi-
cator dilution techniques, stable isotope techniques, and 
bioelectric impedance technologies.1,2,9 Each of these tech-
niques has advantages and disadvantages, with the use of
stable isotope infusion being one of the most accurate and
bioelectric impedance technology the least reliable. The TBW
is divided by cell membranes into two primary fluid compart-
ments, the intracellular fluid compartment (ICF) and the
extracellular fluid compartment (ECF).1,2,8 Approximately
two-thirds of the TBW (~200 L) is contained within the cells
of the body leaving one-third of the water in the ECF space
(~100 L). According to Carlson,2 the latter is further com-
partmentalized into fluid contained within the vascular
space, the interstitial fluid space, the lymphatics, and trans-
cellular fluids. This last category includes the fluid content of
the gastrointestinal tract, which represents a large reservoir
of fluid.2

The vascular space or total blood volume is filled with a
mixture of fluid and cells, the latter primarily red blood cells,
but also including white blood cells and platelets. Thus, the
total blood volume (BV) is the combination of the plasma

The exercising horse produces a tremendous amount of
metabolic heat. This byproduct of the transduction of poten-
tial energy into kinetic energy can raise core body tempera-
ture in the horse from 37°C at rest to temperatures exceeding
42°C in a matter of minutes.1–6 Normal cellular function,
however, requires active and efficient ways to keep core body
temperature within narrow limits. To do this a horse must
move heat produced in the muscles to the periphery.1,2,4–6

Other mammalian species, like the rabbit and dog, have an
enhanced countercurrent brain bloodflow mechanism that
couples with panting to provide for cooling of the brain while
permissively allowing heat storage in the rest of the body and
a rise in body temperature.5,7,8 Horses and humans are the
only species that cool primarily through the evaporation of
sweat.1,5,7,8 Sweating can produce tremendous fluid and elec-
trolyte losses that, if uncompensated for, can lead to cardio-
vascular and thermoregulatory instability. These fluid deficits
and their effects are even more pronounced during endur-
ance exercise and exercise performed during periods of high
environmental temperature and humidity.1–3,5–7 Recent work
focused on preventing thermal injuries in horses has docu-
mented findings similar to those published in the human
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volume (PV) and the red cell volume (RCV) or stated as a
formula:2 BV = PV + RCV. Blood volume varies from breed to
breed, with age, body composition, hydration status, and
training status.2,13 Across breeds, studies have reported total
blood volumes ranging from 61 mL/kg in draft horses to
137 mL/kg in race horses.1,2,9 In the average 450-kg horse,
total BV would be about 36 L, PV ~16 L and RCV around
20 L.1,2,13

The eloquent work of Persson13 and many others2,14–16

has shown that there is a strong relationship between red
blood cell volume and aerobic performance in the horse.
Oxygen uptake and delivery is dependent on both optimal
volume to insure cardiac filling pressure and an optimal
number of red blood cells to carry oxygen. Much focus has
been placed on the need to have red blood cells to carry
oxygen to the working muscles. However, while RCV and PV
are usually looked at independently; they are interdependent
in the optimization of blood flow during exercise. Blood flow
can be affected by changes in viscosity; thus, too many red
blood cells and not enough plasma can cause a substantial
change in viscosity, as well as other factors related to resis-
tance to flow. The values for BV, PV, and RCV in the literature
also vary with the differing methodologies used in different
laboratories to measure and/or calculate total blood
volume.2,13–16 For the most part, studies of equine blood
volume have not used direct measurement of BV. Instead,
they have generally used dye or indicator dilution techniques
to measure PV and then calculated (Formula 1) BV using the
measured PV and hematocrit (HCT):2,13–16

BV = ( ) × 100

The measurement of PV using dye or indicator dilution tech-
niques requires the use of an indicator that stays within the
vascular compartment for a long enough time to reach full
steady-state distribution without substantial removal
through the metabolism of the dye by the tissues.2,15 Ideally,
this requires an indicator that binds to a large molecule that
does not readily leave the vascular compartment. Two sub-
stances commonly used to measure PV in the horse are indo-
cyanine green (IC-green or cardiac green) dye and Evans Blue
dye.2 While IC-green dye has been used to measure plasma
volume in the horse, one must caution that because it is
rapidly cleared from the vascular compartment, it is better
suited for the repeated injections required for the measure-
ment of cardiac output. The rather short half-life of IC dye
means it can be cleared before reaching full distribution
affecting the accuracy and repeatability of PV measurements
in the horse. Evans Blue dye binds to albumin and thus, has a
relatively long half-life and stays for the most part in the vas-
cular compartment.2,13,15 However, one must caution that
albumin can shift out of the vascular compartment if there is
an increase in hydrostatic pressure induced by manipulations
such as exercise or adrenaline infusion. Thus, the measure-
ment of PV using the Evans Blue dye dilution technique
requires that a horse be standing relatively quietly and unper-
turbed by exercise or pharmacological manipulations for the
15- to 20-min mixing period between collection of a blank

PV
100 – HCT

plasma sample and injection of the dye and the collection of
a postinjection blood sample.2,15 Anything that disturbs the
steady-state of the cardiovascular system affects distribution
of the dye; therefore, one should view with extreme caution
published studies reporting PV, BV, and RCV values calculated
using a postinjection sample obtained after exercise as the
readings can be skewed in two ways.13 First, decreases in PV
due to water shifts out of the vascular compartment caused
by increases in hydrostatic pressure that would give
artificially high concentration of the dye and, second, errors
caused by the loss of dye from the vascular compartment due
to extrusion of albumin out of the bloodstream by the same
increases in hydrostatic pressure.3,17–20 Plasma volume can
decrease 15–20% after only three 1-min steps of an incre-
mental exercise test;17 therefore, errors in the measurement
of plasma volume due to non-steady-state sampling would
also affect the calculation of BV and RCV using the above
formula.

Another factor that must be considered in the calculation of
total BV in the horse is the splenic reserve volume. The horse is
somewhat unique compared to most other mammalian species
in that the spleen is a very capacious and capricious organ,
storing between 6 and 12 L of red-cell-rich blood at rest.2,13,19,20

Splenic blood typically has a hematocrit of ~65–75%.2,13 Thus,
studies of total BV become somewhat problematic because
measurement of the total circulating BV requires an account-
ing for the splenic reserve volume, a measurement that requires
mobilization of the splenic red cell reserve. Most studies to date
have utilized exercise or infusion of adrenaline or an �-adrener-
gic agonist drug to cause splenic contraction, with a blood
sample obtained for the measurement of hematocrit after the
accommodation and the mixing of the extra volume of blood.
Complete mixing takes only 1–2 min; however, in many studies,
the hematocrit used to calculate BV and RCV was taken at the
end of or after an incremental exercise test.13,16 While this is an
accepted way to cause splenic contraction and a viable way to
estimate the contribution of the splenic reserve to the total cir-
culating blood volume, the resulting hematocrit values are
skewed upward by the dynamic fluid shifts caused by the
changes in flow and hydrostatic pressure induced by the exer-
cise or pharmaceutical manipulation. Therefore, the hematocrit
used to calculate total BV would reflect both the contribution of
splenic reserve mobilization and reductions in plasma volume
and would be an overestimation of total blood volume. This is
essentially an offset error and, because acute reductions in PV
caused by exercise-induced fluid shifts are linked to exercise
intensity,3,17–19 the fluid shifts that lead to this overestimation
only become a problem if a study’s experimental design uses dif-
ferent exercise intensities to measure the hematocrits used in
comparisons between treatment groups or comparisons made
before and after training. For example, if one calculates BV
using a hematocrit obtained at the 10 m/s step of a treadmill
test it will yield a different result than the value calculated using
the hematocrit collected at the 11 or 12 m/s step of an incre-
mental treadmill test.

As mentioned above, the absolute value for resting plasma
volume can be determined using Evans Blue dye. However,
measurement of PV during exercise and any resulting
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decreases are problematic because of mixing time, the
requirement for steady-state conditions, and the potential for
overwhelming the vascular space with dye through repeated
injections. Percent changes in PV can be measured using
changes in protein concentration.17 However, because some
protein leaves the vascular compartment, this method tends
to underestimate the reduction in PV.17 To get around these
methodological problems, studies of human athletes21–23

have utilized changes in hematocrit to calculate percent
changes in PV (Example 1). Absolute volume changes in
liters are then calculated using the previously measured
absolute resting PV determined using Evans Blue dye.21–23

The calculation of percentage change in PV using hematocrit
is feasible because red blood cells do not leave the vascular
compartment like protein molecules and any change in their
concentration must be due to changes in plasma volume.21–23

In humans, the calculation is simple and involves the use of a
pre-exercise hematocrit (HCTb) and hematocrits measured
during or after exercise (HCTa).21–23 For example, if the
hematocrit measured before exercise (HCTb) was 43 and the
hematocrit measured in a blood sample obtained after
10 min of exercise was 45 then the change in plasma volume
is –7.9%. Thus, one can see that a relatively small change in
hematocrit represents a much larger change in plasma
volume.

However, it is important to note that the use of this
formula requires that there is no addition of red blood cells to
the central circulation or change in the size of the cells.21–23

The latter has been shown to not be a problem if exercise
duration is less than 120 min.23 The former makes the use of
this formula problematic for those doing horse research
because the spleen adds RBCs to the central circulation.
Fortunately, McKeever et al. have developed a correction
factor obtained after comparing sequential blood samples
taken from splenectomized and intact horses.17 These studies
demonstrated that the spleen contracts very rapidly with
both the extruded volume and cells accommodated and
mixed with the central circulation within the first one to
1.5 min of exercise.17 Changes in hematocrit from the point
of full mixing onward paralleled each other in both groups of
horses. Thus, the changes in hematocrit from that point on
were due to decreases in plasma volume caused by fluid shifts
and loss of water from the vascular compartment.17 More
importantly, the difference between the pre-exercise and the

2-min values for hematocrit in the intact horses represented
an offset due to splenic reserve mobilization that could be
used as a correction factor.17

Example 2 demonstrates how to use hematocrit in the
horse to calculate percent changes in PV. For example, if a
horse had a resting hematocrit (HCTb) of 35 and the hemat-
ocrit measured at 2 min of exercise (HCT2min) was 55 then the
difference between the two would be the calculated correction
factor (HCT2min) to be used to correct all the hematocrits
measured after the 2-min point of exercise onward. Thus, in
Example 2, if the uncorrected hematocrit obtained at 15 min
of exercise was 58 (HCTraw), then the value for HCTa to be
used in the formula would be obtained by subtracting the
correction factor from the uncorrected hematocrit.

Plasma osmolality and the
concentration of key
electrolytes

Normal cellular function is vitally linked to maintenance of
fluid, electrolyte and acid–base balance within a narrow
range.2,3,23–26 Thus, the composition of both the plasma
within the vascular compartment and the fluid within the
intracellular fluid space is tightly controlled.2,3,23–26 Key to
maintenance of the internal environment is a regulation of
overall plasma osmotic concentration or osmolality as well as
the concentration of key electrolytes such as sodium, potas-
sium, chloride.2,3,23–26 Sodium is the major anion contribut-
ing to osmolality and is the major cation in the extracellular
fluid space.2,3,23–26 Potassium on the other hand is the
primary cation found within the cells.2,3,23–26 Other import-
ant cations include calcium and magnesium, both primarily
intracellular ions.2,3,23–26 When considering exercise, it is the
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%�PV = × 100 ×

%�PV = × 100 ×

%�PV = × 100 ×

%�PV = (1.8) × [–4.4]

%�PV = –7.9

(–2)
45

100
57

(43 – 45)
45

100
100 – 43

(HCTb – HCTa)
HCTa

100
100 – HCTb

Example 1 Calculation of the percent change in plasma
volume using uncorrected hematocrit as in humans

HCTb = 35

HCTraw = 58

HCT2min = 20

HCTa = HCTraw – HCT2 min = 58 – 20 = 38

%�PV = × 100 ×

%�PV = × 100 ×

%�PV = × 100 ×

%�PV = (154) × [–5.41]

%�PV = –12.2

(–3)
37

100
65

(35 – 38)
37

100
100 – 35

(HCTb – HCTa)
HCTa

100
100 – HCTb

Example 2 Calculation of the percentage change in plasma
volume using corrected hematocrit in horses17



calcium found within the muscle in the tubular sarcoplasmic
reticulum that is important.2,3,23–26 This calcium plays a vital
role in the process of excitation contraction coupling.
Magnesium found within the cells is an important cofactor in
many of the reactions involved in various metabolic path-
ways.2,3,23–26 Major anions include chloride, bicarbonate,
and the phosphates.2,3,23–26 Normal values for resting con-
centrations of the major electrolytes found in plasma, inter-
stitial fluid, intracellular fluid and sweat can be found in
Table 38.1. All of the electrolytes contribute to the osmotic
concentration of the body fluids, a variable that is tightly
regulated to prevent cell dehydration or cell swelling.

The osmotic concentration or osmolality of the plasma is
essentially the same as that of the rest of the interstitial
fluids.27,28 Normal plasma osmolality in the horse and most
other mammals averages 290 mOsm/L.2 Plasma osmolality
is the total number of dissolved particles in solution, inde-
pendent of the elemental species making up that solution.27

Plasma osmolality reflects the osmolality of both the extra-
cellular fluid space and the intracellular fluid space27 and is
important for two reasons. First, large molecules in solution
exert osmotic force across semipermeable membranes such
as capillaries and cell membranes. Thus, plasma osmolality is
a measure of the total ‘osmotic pull’ or osmotic force that is
exerted by the sum of freely-moving particles in solution
exerting an effect on water in surrounding tissues.27,28

Because water tends to move down a concentration gradient
from an area of low concentration to an area of high con-
centration, an increase or decrease in plasma osmolality has
the capacity to dramatically alter normal cellular function by
causing fluid shifts into and out of the cells, shifts that can
decrease cell function.27,28 Second, a change in osmolality
reflects expansion or contraction of the extracellular fluid
compartment.27,28 Optimal cardiovascular function is highly
dependent on fluid volume status and mechanisms associated
with the maintenance of plasma osmolality and extracellular
fluid volume serve as one of the first lines of defense in the
regulation of cardiac filling volume and pressure and ulti-
mately mean arterial pressure and the ability to perfuse the
tissues.19,27,28

During exercise the horse can lose tremendous volumes of
hypertonic sweat presenting a serious challenge for main-
taining the volume and the composition of the body
fluids.1,2,19 Dramatic changes can compromise cellular func-
tion.28 It can also compromise cardiovascular stability
through a reduction in venous return and cardiac output.
Therefore, it is vitally important that the body regulates
plasma osmolality within very narrow limits.28 Defense of
osmolality is vitally intertwined with the defense of extra-
cellular fluid volume, plasma volume, and cardiac filling
pressure.19,28 Thus, defending plasma osmolality involves an
integrative response of multiple systems including the cardio-
vascular, neural, endocrine, and renal systems.6,10,19,27–30

Changes in plasma osmolality are sensed by specialized cells
within the supraoptic and paraventricular nuclei of the hypo-
thalamus.19,27–29 These osmoreceptors are very sensitive and
changes in plasma osmolality as small as 2 mOsm/L can
evoke a change in the synthesis and secretion of the hormone
arginine vasopressin (antidiuretic hormone) by the posterior
pituitary.29 Changes in circulating vasopressin concentration
occur rapidly and can cause dramatic alterations in renal
handling of water within minutes, thus correcting volume
deficits and swings in the concentration of osmotically active
substances through losses of plasma water or electrolytes in
the sweat.29,30 Vasopressin also stimulates thirst and drink-
ing, which ultimately affects water balance and osmolality.29

Plasma concentration versus plasma
content

When considering the effects of acute exercise on changes in
key electrolytes one must distinguish between changes in the
concentration versus changes in the total content of those
electrolytes.23,31 By definition, the concentration of a sub-
stance is the amount of solute in a given volume of solvent.
Content, on the other hand, is the total amount of that solute
in the fluid compartment or body depending on the focus of
analysis. For example, normal plasma concentration sodium
is 140 mEq/L or, put another way, there are 140 mEq of
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Electrolyte Plasma Interstitial fluid Skeletal muscle cell Sweat

Cations
Na+ 140 143 10 120 (range 115–150)
K+ 4 4.1 142 35 (range 25–50)
Ca2+ (ionized) 2.5 2.4 4 10 (range 3–20)
Mg2+ (ionized) 1.1 1.1 34 5

Anions
Cl– 100 113 4 150 (range 140–190)
HCO3– 25 28 12
H2PO4,

– HPO4
2– 2 2 40

Protein 14 0 50
Other 7 7 84

Table 38.1 Electrolyte composition (mEq/L) of plasma, interstitial fluid, intracellular fluid (muscle),
and sweat



sodium per liter of plasma. Plasma content of sodium would
be obtained by multiplying the concentration of sodium by
the plasma volume:23,31

× = 3640 mEq

Calculation of changes in the content of key electrolytes
and other substances allows one to determine if changes in
the concentration of a substance is the result of addition or
loss of the substance or just due to changes in plasma
water.23,31 When viewed on a whole body level, changes in
content allow one to make calculations giving insight into
how concentrations of tightly regulated plasma constituents
are affected through routes of intake or loss that affect whole
body balance of said constituent.23,31 Acutely, calculation of
relative or percent changes in the content of plasma volume
and the plasma constituents gives one insight into the
dynamic changes that occur in response to the challenge of
exertion.23,31 To that end, human exercise physiologists for
years have used key formulae to calculate percentage
changes in plasma volume and percentage changes in the
content of various plasma constituents during exercise
(Example 3).21–23 If one knows the resting plasma volume
then once one calculates the percentage change in the
content of a plasma constituent one can calculate the total
amount of that substance lost during exercise from the vas-
cular compartment.23,31

On a practical level, calculation of changes in the content
of various plasma constituents can give insight into their
disposition. An example of this would be an examination of
sodium and chloride losses during short-term versus
endurance exercise. Plasma sodium and chloride concentra-
tions are held within vary narrow limits. During short-term
exercise plasma sodium and chloride concentrations undergo
minimal changes.31 However, the plasma content of sodium
and presumably chloride decreases suggesting the fluid shifts
that occur during short-term exercise involve an isotonic shift
of fluid.31 During longer-term exertion there can be minimal
changes in plasma sodium concentration but content can
change dramatically.23,31 With chloride there is a dramatic
disproportional decrease both in the plasma concentration
and content due to large amounts lost in the sweat.23,31

Measuring total content lost gives a more complete picture of
how much supplementation must occur to replenish exercise
related losses. When one looks at changes in plasma potas-

26 Liters
1

140 mEq
Liter

sium concentration and content one sees a different picture.
Both the concentration and content of potassium go up
during high-intensity exercise. When one looks at the change
in content one can see that the change in concentration 
is due to both the loss of plasma water and the addition of
potassium to the plasma when it leaks out of the contracting
muscle cells.

Effects of acute exercise on
fluid and electrolyte balance

Hypothetically, fluid and electrolytes can shift from the intra-
cellular space to the extracellular space as well as between
each of the compartments through active, passive, and facil-
itative mechanisms.6–8,11,18,19,23,32,33 This dynamic exchange
of fluid and electrolytes between compartments moves nutri-
ents and waste products, provides fluid and electrolytes for
the production of sweat and allows the horse to defend the
internal environment of the cells.6–8,11,18,19,23,32,33 To main-
tain cellular homeostasis the horse must regulate blood
volume, blood pressure, and the osmotic composition of the
intracellular and extracellular fluid compartments. Acute
fluid and electrolyte shifts have differing functional
significance related to the timing of the response during
exercise. Early shifts appear more related to a system-wide
redistribution of blood and fluid from capacitance vessels and
the interstitial space so as to increase venous return and
augment cardiac output.6–8 Later responses provide fluid and
electrolytes for the production of sweat and thermoregula-
tion6,11,17,23 Finally, decreases and depletion of fluid stores
lead to dehydration, thermoregulatory, and cardiovascular
instability and fatigue.6,11,17,23 This latter challenge stimu-
lates an expansion of plasma volume and the contents of the
various electrolytes, a beneficial adaptive response known as
a training-induced hypervolemia.6,11,17,23

Intercompartmental fluid shifts at the
onset of exercise

Senay34 demonstrated, in humans, that in the first seconds at
the onset of exercise, there is a rapid net movement of protein
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HCTb = Resting hematocrit

HCTa = Corrected hematocrit

Cnb = Resting concentration

Cna = Postconcentration

Co = Content of soulute

%�Co = × 100
Cna – [HCTa (100 – HCTb) × (Cnb)]/HCTb(100 – HCTa)

HCTa(100 – HCTb) × (Cnb)/HCTb(100 – HCTa)

Example 3 Calculation of percent change in the content of a plasma
constituent using corrected hematocrit31



and fluid from the interstitial space and lymphatics into the
vascular compartment.34 This inward flux of protein and
water causes a transient, short-lived increase in plasma
volume, an intercompartmental shift of body fluids that
couples with a redistribution of blood from the venous capaci-
tance side of the vascular system to the arterial side to provide
adequate venous return to maintain cardiac filling pres-
sure.6–8,34 This important redistribution of blood and fluid from
the capacitance side of the vascular system is important
because of the need for extra venous return at a time when
there is rapid vasodilation in the working muscles.6–8,34–36

Similar phenomena have been demonstrated in dogs and prob-
ably also occur in horses.35,36 Studies37 have demonstrated a
shift in the albumin to globulin ratio in the horse consistent
with an inward flux of fluid from the interstitial space. At rest
albumin is the primary protein found in the vascular space and
globulin represents the most prevalent protein found in the
lymphatics.37 This dramatic change in albumin to globulin
ratio suggests that the horse experiences a similar influx in fluid
at the onset of exercise as described in humans.34,37 Plasma is
also added to the central circulation upon mobilization of the
splenic reserve.13,17 Splenic blood is rich in red blood cells, with
a hematocrit between 65 and 75%.13,17 However, this also
means that there is an addition of plasma to the central circu-
lation. Splenic blood volume averages range from 8 to 12 L;
thus, there is an addition of a 1.6 to 3.6 L plasma to the central
circulation in addition to the volume added by intercompart-

mental fluid shifts.13,17 This extra volume of plasma serves a
role in cardiovascular control and it also increases circulating
protein that provides extra buffering capacity to the central cir-
culation.13,17

Plasma volume decreases rapidly after this initial inter-
compartmental redistribution of water and electro-
lytes.6,17,18,23,32,33,38 These secondary fluid shifts are caused
by significant increases in mean arterial pressure and conse-
quentially capillary hydrostatic pressure that cause water,
electrolytes, and a small amount of protein to be extruded
from the vascular compartment.6,23 Studies of horses17,19,20

performing moderate incremental exercise have demon-
strated that this decrease in plasma volume is rapid and
intensity dependent with a 15 to 20% decrease observed after
only four 1-min steps of an incremental exercise test
(Fig. 38.1). This movement of water and salts bathes the
interstitial space, where it can be taken up into the working
muscles, used to form sweat, or returned to the vascular com-
partment.17,19,20 In mammals there is a dynamic flux of fluid
into and out of the vascular compartment that is governed by
Starling forces (Fig. 38.2).2,6–8,11 Net filtration and reabsorp-
tion across a vascular bed is the sum of forces affecting the
movement of fluid and osmotically active substances in both
the arterial and venous capillaries.2,6–8,11 These forces include
the capillary and interstitial hydrostatic pressures and the
capillary and interstitial oncotic pressures. On the arterial
side of the resting capillary bed, hydrostatic pressure and
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Fig. 38.1 Percentage change in plasma volume during
incremental exercise.Values are means ± SE for hematocrit,
percentage change in plasma volume calculated using total
solids (i.e. protein) and percentage changes in plasma volume
calculated using corrected hematocrit. (Reproduced with
permission from McKeever et al.17)



interstitial oncotic pressure outweigh interstitial pressure
and intravascular oncotic pressure.2,6–8,11 This favors a 
net movement of fluid out of the vascular compartment.
However, resting venous oncotic forces outweigh the other
forces and favor a movement of fluid back into the vascular
space.2,6–8,11 Some fluid is not returned via the influx into the
venous capillaries and is returned through the lymphatic
system.2,6–8,11 During exercise, the balance of Starling forces
is greatly affected by a larger increase in arterial hydrostatic
pressure.2,6–8,11 At the arteriole level this amounts to a
~20 mmHg increase in hydrostatic pressure enhancing the
net force of fluid outward.2,6–8,11 On the venous side of the
capillary beds, hydrostatic pressure is also elevated with a
tendency for a net positive outward force. This means that
more fluid is shifted into the interstitial space when compared
to rest. This extra dynamic outward flux of fluid has a func-
tional significance and is beneficial as it can either be excreted
as sweat or returned to the vascular compartment via the
lymphatics. The net result is a decrease in plasma volume and
a dynamic flux of fluid that provides for removal of metabolic
waste products and for removal of heat produced during

exercise.2,17,20 The key here is that the decrease in plasma
volume seen at the onset of exercise2,17,20 is dynamic and
intensity dependent (Fig. 38.3) and occurs before the onset of
sweat losses.17,20 However, plasma volume decreases seen
after these initial fluid shifts are the result of reductions in
total body water caused by sweating.1,2

Fluid and electrolyte losses associated
with longer acute exercise

Exercise continued beyond a few seconds causes pronounced
hemodynamic changes and, because of sweat production, fluid
and electrolyte losses.1,2,6 Evaporative cooling via sweating is by
far the most efficient way to remove a large amount of heat from
the body.1,2,4–6,39 But this ability to maintain body temperature
comes at a cost to the cardiovascular system. First, a portion of
blood flow that could be used to supply the working muscles is
redistributed to the skin to transport heat from the core to the
surface.5–8 At moderately heavy work intensities limited circu-
lating blood volume and cardiac output cause transient alter-
ations in cardiac filling volume and mean arterial pressure that
are sensed respectively by the cardiopulmonary baroreceptors
(volume receptors) and by the high pressure baroreceptors.5–8

Optimal perfusion of working muscles requires that the cardio-
vascular system keeps mean arterial pressure within narrow
limits.5–8 However, there is an upward change in the set point
during exercise that removes the check on the system that
would tend to limit an increase in cardiac output. Rowell7,8 has
suggested that a feedforward mechanism allows blood pressure
to increase during exercise via integrated responses of the above
mentioned two layers of defense.7,8 Control of mean arterial
pressure during increasing exercise intensity necessitates
shunting of blood away from non-obligate tissues.6–8,35,36 These
non-obligate tissues include the splanchnic and renal vascular
beds.6–8,35,36,40,41 The changes in vascular tone are so pro-
nounced that they are facilitated by both nervous system and
endocrine effector signals.6–8,40,41 Interestingly, these neural
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Fig. 38.3 Changes in plasma volume with steady-state
exercise. Initial drop in plasma volume (0–3 min) due to fluid
shifts, secondary changes due to fluid loses. (Reproduced with
permission from McKeever et al.17)

Rest

FV = (15 – (–5)) – (26–1)
–5 = (20) – (25)

(30 – (–5)) – (26–1) = FA
(35) – (25) = +10

FV = (25 – (–5)) – (28–1)
+3 = (30) – (27)

(40 – (–5)) – (28–1) = FA
(45) – (27) = +18

Net = +21

Net = +5

Exercise

Arterial Venous

Pc = 30 πc = 26

Arterial Venous

πt = 1

Pt = –5

πc = 26

πt = 1

Pt = –5

Pc = 15

πc = 28

πt = 1

Pt = –5

Pc = 40 πc = 28

Pt = –5

πt = 1

Pc = 25

6

3

0

–3

–6

–9

–12

–15

–18

Pl
as

m
a 

vo
lu

m
e 

(%
Δ)

Minutes
0       2       4        6       8       10     12     14     16      18      20     22

Fig. 38.2 Starling forces affecting the movement of fluid in
and out of the vascular compartment. Rest: at rest, the
balance of forces on the arterial side of the capillary bed is
positive (+10), favoring an outward movement of fluid. On the
venous side of the capillary bed the balance of forces is
negative (–5), favoring the inward movement of fluid. However,
the net difference between the arterial and venous sides of
the capillary beds is positive (+5) and thus not all the fluid is
returned to the bloodstream.The excess must be returned via
the lymphatic system. Exercise: during exercise, hydrostatic
pressure increases in both sides of the capillary bed enhancing
the movement of fluid outward into the interstitial space for
transport and for sweat production.Thus, during exercise,
lymphatics play an important role in returning fluid not lost as
sweat.



and endocrine factors (catecholamines, plasma renin activity,
vasopressin etc.) influencing vascular tone in the splanchnic
and renal vascular beds increase at intensities above 50–60%
V̇O2max,6–8,29,33,40,42–45 in most cases prior to any substantial 
loss of sweat. These adjustments in cardiovascular function 
and renal blood flow thus appear to be a response to the ‘s
tress of exercise’ itself rather than fluid and electrolyte
imbalance.40

As exercise progresses, acute fluid shifts from the vascular
compartment to the interstitial space provide water for sweat
production.6–8 Sweat loss causes a net reduction in total body
water and a decrease in plasma volume that, if not replaced
by water intake, eventually results in decreased venous
return and cardiac filling pressure.6–8 The horse has evolved
to have a large reservoir of fluid in its digestive tract.6 This is
not an inconsequential amount as the horse can utilize fluid
from the large colon as well as fluid contained in its cecum.
Thus, in the wild the horse does not need to stop to drink
while running from a predator. There are limits to these fluid
reserves and the horse produces a huge volume of hypertonic
sweat that eventually can lead to a compromised vascular
volume. The cardiopulmonary volume receptors sense the
drop in cardiac filling pressure and volume. To keep cardiac
output constant the resultant fluid-loss-induced decrease in
stroke volume must be countered by an increase in heart
rate.6–8 This tachycardiac adjustment to progressive fluid loss
is referred to as cardiovascular drift.6–8 More dramatic reduc-
tions in flow to non-obligate tissues can occur if increased
heart rate cannot compensate for the decrease in cardiac
filling pressure. Sweat-induced reductions in total body water
initially come at the expense of plasma volume; however, as
exercise progresses water loss causes a progressive cellular
de-hydration.1,2,4–6,9,39,45 The resultant cellular fluid deficit
eventually leads to decreased cell function, fatigue, and a
failure to thermoregulate properly.46,47 Other problems 
can be caused by significant simultaneous electrolyte
losses.2,4,5,39,45–47

Along with heavy sweat production comes loss of electro-
lytes which stimulates a variety of endocrine responses which
function to correct the concentration of these vital substances.6

Human sweat is hypotonic, that is, the concentration of sodium
is less than that found in the plasma.2 While prolonged exercise
can result in severe electrolyte disturbances recent research has
shown that they are much less frequent in humans compared to
those seen in horses.2,6,45–47 Equine sweat, on the other hand, is
hypertonic and excessive sweat loss can rapidly result in severe
problems related to both the hypovolemia and to the resulting
electrolyte imbalance.1,2,39 Several papers have documented
that severe electrolyte loss can lead to weakness, muscle cramps,
acid–base imbalance, and decreased performance.2,5,6,45–47

Interestingly, trained humans appear to start sweating 
earlier and in greater amounts than untrained individuals
exercising at similar relative work intensities.6,26,48 Trained
human athletes also appear to have a more hypotonic sweat11,48

that results from aldosterone’s action on the sweat
glands.19,20,25,26,48 Studies have not yet demonstrated similar
training-induced adaptations in the neuroendocrine control of
sweating and fluid balance in horses.

Sweat losses and the
combined effects of exercise
and environment

The transduction of potential energy into kinetic energy is 
a rather inefficient process with only 20–30% of potential
energy effectively utilized for work.5 The rest is heat that must
be liberated from the body.5 In general, the greater the exer-
cise intensity of the event, the greater the heat load generated
and the greater the need for heat dissipation.5 Even under
mild ambient conditions, the exercising horse is presented
with a significant thermoregulatory challenge that requires
an integrated response to transport heat from the core to be
transferred to the environment.5 The major method for the
transfer of heat from the body involves sweating and evapo-
rative cooling.5 Evaporative cooling is several times more
effective than other routes of heat exchange. Because evapo-
rative cooling is so essential, the horse appears to have
evolved with several species specific adaptations that enhance
the ability to move fluid from the vascular compartment to
the sweat glands and ultimately to the exterior as sweat.5

First, as previously mentioned, increases in hydrostatic pres-
sure during exercise enhance fluid shifts from the vascular
compartment to the interstitial space, increasing the avail-
ability of fluid for sweat production.5,6,19,20 Second, the sweat
gland of the horse is very simple compared to the well-organ-
ized sweat glands seen in humans.5,39 Therefore, sweat excre-
tion is a less complex process. Additionally, the equine sweat
gland, unlike the human sweat gland, is not responsive to
aldosterone and thus it cannot conserve sodium.39 Put
simply, the equine sweat gland almost acts like a funnel to
allow a hypertonic solution of electrolytes to move from the
interstitial space to the surface. Teleologically, producing a
hypertonic sweat may be beneficial as the solvent drag would
tend to facilitate the movement of a greater amount of water
outward. The extra salt in the sweat, as well as the protein
lather in, also alters the evaporation point of the sweat possi-
bly enhancing evaporative cooling. Functionally, this is
significant as the horse has a less favorable surface area to
volume ratio when compared to humans. The down side to
these adaptations is the potential for large fluid and elec-
trolyte deficits.

Recent articles have reported that during submaximal
exercise, under conditions of high heat and humidity, sweat
losses in horses can exceed rates of 12 L per hour.5,39,45,49,50–56

This large volume of sweat results in proportional decreases in
body weight, total body water, and plasma volume. This, in
turn, can compromise venous return, cardiac filling pressure,
cardiac output, and the ability to thermoregulate. Thermo-
regulatory stability requires a large cardiac output and periph-
eral blood flow to carry heat from the core of the body to blood
vessels in the skin.5 At the same time, the heart must pump
blood to the working muscles, to the brain, and to other ‘obli-
gate’ tissues that cannot suffer from reduced perfusion. To
maintain cardiac output during intense exercise, baroreflexes
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cause selective vasoconstriction and blood flow redistribu-
tion.6–8 This reduces blood flow to non-obligate tissue beds like
the viscera and kidneys and allows for increased blood flow to
the working muscles.7,8 As core heat accumulates, various
feedback mechanisms cause blood flow to increase to the skin
to enhance the transport of heat from deep in the core of the
body to the surface.5 If exercise proceeds for a long enough
time, sweat loss leads to progressive dehydration and loss of
plasma water from the bloodstream. Dehydration causes a
decrease in circulating blood volume and cardiac stroke
volume. A horse can keep going despite this reduction in vas-
cular fluid volume; however, to maintain cardiac output, heart
rate must increase (‘cardiovascular drift’).5–8 When dehydra-
tion cannot be compensated for by cardiovascular adjust-
ments, body temperature rises and is soon followed by
decreased performance and fatigue. Maintaining cardiac
output and mean arterial pressure (MAP) is vital to keeping
perfusion pressure at the level needed to distribute flow 
to the working muscles, skin, and other obligate tissues. 
Thus, at the onset of exercise both mean arterial blood
pressure and skin blood flow are defended.5–8,19 However, 
as a horse becomes dehydrated MAP is defended pre-
ferentially at expense of skin blood flow and thermo-
regulation, adding to the resulting increase in body
temperature.5–8,19

Several laboratories have observed that, even under cool
conditions, endurance exercise performed in the field or on a
treadmill laboratory will cause a substantial rise in core tem-
perature, a substantial amount of sweat production, and a
dramatic loss of total body water.1,2,5,39,45,49,50–56 In field
trials, it has been documented that even with the com-
bination of proper hydration, adequate sweating, and
maximal rates of evaporative cooling, a horse’s body
temperature can reach 105–106°F during endurance 
rides performed under moderate climatic condi-
tions.1,2,5,39,45,49,50–56 Under hot humid conditions, evapora-
tive cooling becomes ineffective because sweat will not
evaporate. The resulting hyperthermia can cause fatigue,
cramps, heat stroke, and other thermal injuries.1,4–6,10 Thus,
in a hot and humid environment, even a well hydrated horse
can encounter potential life-threatening situations in a rela-
tively short time. However, most of these injuries can be pre-
vented with proper feeding, adequate watering, and
advanced planning of exercise training sessions and athletic
events.

Almost all studies reporting sweat electrolyte concentra-
tions in horses during exercise demonstrate that the horse
loses a large amount of key electrolytes.1,2,5,39,45,49,50–56 The
range of sweat electrolyte concentrations varies with older
studies suggesting tremendous sodium and chloride losses.2

The magnitude of electrolyte loss reported in some studies is
questionable and most likely is a function of the methodolo-
gies utilized. Older studies relied on sweat scrapings and other
sampling techniques that overestimate actual losses. Several
newer papers have utilized more refined methods adapted
from human research, preventing the errors due to eva-
poration of water or addition of salt from areas already con-
taminated by prior sweating.49,50–56 Nevertheless, more

recent studies still demonstrate that equine sweat is hyper-
tonic to plasma and that without replacement there are sub-
stantial electrolyte deficits in horses competing in endurance
activities. While sodium and chloride are the primary elec-
trolytes lost in equine sweat, other key electrolytes like
magnesium and calcium are lost.39 Most important is a dis-
proportional loss of chloride ions that can potentially lead to
a serious metabolic alkalosis.9,39 The loss of sodium can
become an even greater problem during recovery if a horse
drinks too much water.9 As with human marathon runners,
some endurance horses can develop a hyponatremia that, if
untreated, can lead to collapse and death.47 Thus, provision
of water as well as electrolyte supplements is warranted after
endurance activities accompanied by large fluid and elec-
trolyte losses.

Thirst, drinking, and
electrolyte intake

Hormonal changes stimulate thirst and drinking and it is well
recognized that the horse has a finely tuned regulatory
system to maintain fluid and electrolyte balance.1,2,6,19

Mechanistically, thirst can be stimulated by increases in cir-
culating concentrations of angiotensin, arginine vasopressin
(AVP), and by changes in the concentration of calcium and
other electrolytes in the cerebrospinal fluid.6,24–26,28,57–60

These systems are modulated by changes in osmolality
sensed by the paraventricular and supraoptic nuclei of the
hypothalamus.6,24–26,28,57–60 Thus, a small increase in plasma
osmolality will result in the release of AVP by the posterior
pituitary.6,24–26,28,57–60 These drives for thirst and drinking
are finely tuned for the resting horse; however, it has been
documented that strenuous, high intensity, exercise can
paradoxically suppress thirst and the central drive for
drinking behavior in humans, dogs, and more recently
horses.6,24–26,28,57–60 Mechanistically, it appears that early in
exercise there is a suppression of AVP release associated with
the role the cardiopulmonary baroreceptors play in the
accommodation of fluid shifts and the mobilization of the
splenic reserve.19,61 Comparative studies of dogs, humans,
and other species have also shown that there is a general
suppression of the drive for drinking, as well as additional
suppression of thirst and drinking during exercise when cold
hypotonic water passes by nerves in the mouth and
throat.6,24–26,28,57–60 This suppression of drinking behavior
may be a protective mechanism – an ingrained defensive
behavior that prevents an individual from stopping for 
water while on the run from a predator. Horse owners and
veterinarians monitoring endurance events have reported a
similar suppression of drinking in horses.6,9,10,23 In many
cases, endurance horses will not drink at the end of a race
and some clinicians have reported that this suppression of
thirst and drinking behavior can last for several hours after
exercise.1,2,10,23 Unfortunately, this is the time when rehydra-
tion should be taking place. In some cases, it is the horse 
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with the most severe fluid and electrolyte deficit that 
is the one that will not drink right away or is the one 
that will consume a volume that is not sufficient to replace
the amount of water lost during competition.10,23 Some
researchers have speculated that there is a threshold where
severe dehydration itself accentuates this paradoxical sup-
pression of drinking.26,28,57–60 Interestingly, recent research
demonstrated that endurance horses could be taught to drink
warm water with electrolytes during competition without a
resulting suppression of thirst and drinking.62–66

An equine athlete can usually recover from moderate acute
exercise-induced fluid and electrolyte losses. And, in most
cases, fluid and electrolyte losses following acute exercise can
be compensated for through the provision of adequate water, a
normal diet, and a salt and mineral supplement.10,67 However,
some scenarios can potentially cause problems for competing
animals.10,67 One scenario might result from larger-than-
normal fluid and electrolyte losses resulting from exercise in
hot or hot and humid conditions. In this case, fluid losses may
need to be replaced rapidly to avoid thermal injuries.10

Competition following long periods of trailering to an event
with limited amount of water supplied for drinking while in
transit presents another scenario for problems.10 In this case, a
horse owner should provide access to water prior to competi-
tion.10 If the distance to the event is long, one should consider
providing opportunities for drinking at rest stops along the
way.10 Another situation that can result in severe dehydration
can occur when there is limited recovery time between phases
during three-day competitions or other multiple event compet-
itive formats.10 Logistics of these events may prevent an animal
from drinking enough water or prevent a horse from getting
adequate electrolytes via dietary replacement.10 Clinicians
monitoring the status of competing horses should insure that
all animals have had an ample opportunity to recover between
days, phases, or heats of a competition.10

The amount of water consumed by a horse varies with the
individual, diet, climate, and amount of exercise.10,66 The
National Research Council guidelines for feeding horses
recommend 2–4 L of water per kilogram of dry matter feed
intake.10,67 This amount can increase 15–20% for horses in
warm environments.10,66 For example, a recent paper
reported that non-exercised horses in Arizona consumed
between 30 and 40 L of water in the hot months of June and
July.14 Water intake may increase 300% or more with pro-
longed exercise and some studies have documented that an
active horse can consume 100 liters of water per day under
some conditions.1,2,39,62

Renal function during
exercise

Alterations in renal blood flow and renal function vary with
both the duration and the intensity of exercise.6,40,68–70 In
general, exercise affects both renal blood flow and the
delivery of water and electrolytes to the kidney and it affects

mechanisms associated with the tubular reabsorption of
water and electrolytes.6,40 Acute and chronic renal responses
to exercise are part of an integrative defense of blood volume,
blood pressure, and osmolality.6,40 Zambraski40 suggests that
the alterations in renal function are both a response to the
stress of exercise alone and also to perturbations in fluid and
electrolyte balance (Fig. 38.4). Acute demands of exercise
result in a decrease renal blood flow, sparing cardiac output
so as to allow the cardiovascular system to meet the increased
circulatory demand associated with exertion.40 Post-
exertional changes in renal function, on the other hand, are
part of a long-term mechanism to restore lost water and
electrolytes.6,40 The kidneys also function as major effector
organs in the adaptive expansion of plasma volume and
electrolyte content balance referred to as the hypervolemic
response to exercise training.6,40

Effects of exercise on renal blood flow

During submaximal exercise absolute renal blood flow (RBF)
is not reduced in humans or horses.40,71 However, it has been
documented that low- intensity exercise results in a reduction
of renal blood flow as a percentage of cardiac output.40,71 For
example, Hinchcliff et al.71 reported that renal blood flow
averaged 15 mL/kg/min and did not change during exercise.
However, because cardiac outpit increased, RBF did decrease
as a percentage of cardiac output, dropping from 23% at rest
to 6% during exercise.71 High-intensity exercise, on the other
hand, causes substantial reductions in absolute renal blood
flow in swine, horses and humans, but not in normal
dogs.6,40,72,73 Renal vasoconstriction appears to occur when
work intensities exceed a threshold of 50–60% of V̇O2max,6,40

a point coincident with detectable increases in renal nerve
activity, circulating catecholamines, and plasma renin
activity.6,40–42
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Schott and co-workers72 were the first to demonstrate that
high- intensity exertion causes a reduction both in absolute
RBF and relative RBF (i.e. RBF expressed as a percentage of
cardiac output) in the horse. Absolute RBF decreased from
9.0 L/min to 2.4 L/min when horses were exercised at a
speed shown to produce an oxygen uptake that was 100% of
V̇O2max.72 Amazingly, RBF decreased as a percentage of
cardiac output from 22% at rest down to 0.09% during
maximal exercise.72 This reduction in RBF resulted in a sub-
stantial drop in glomerular filtration rate and subsequently 
a drop in urine flow, and the excretion of solute-free water
and various electrolytes. Interestingly, a follow-up study
demonstrated that phenylbutazone and furosemide did 
not appear to alter the renal response to high-intensity
exercise.73

Effect of exercise on glomerular
filtration rate, filtration fraction

Blood flowing through the renal artery is filtered through
millions of glomeruli in the kidney.40 The glomerulus is part
of the nephron, the basic structural unit of the kidney.40 It is
a complex structure made up of the afferent artery,
Bowman’s capsule, and the efferent artery.40 Algebraically,
glomerular filtration rate is representative of the sum of the
action of all the nephrons, and is autoregulated over a wide
range of kidney blood flow. As with RBF, the effects of exercise
on glomerular filtration rate (GFR) in the horse varies with
the intensity of the exercise.71–73 GFR has been shown to
increase or decrease during submaximal exercise depending
on hydration status.40 In studies where the subjects were
hyperhydrated, GFR did not change during submaximal exer-
tion.40 However, when individuals were euhydrated or hypo-
hydrated, changes in GRF were intensity and/or duration
dependent, changing the most when individuals performed
high-intensity exercise.40 Interestingly, while RBF can be dra-
matically reduced during exercise, studies of humans show
that decreases in GFR do not necessarily parallel the
decreases in RBF.40 Thus, glomerular filtration is somewhat
protected in the face of exercise-induced reductions in RBF
with a resultant increase in filtration fraction (i.e. the ratio
GFR/RBF).40

Zambraski40 has suggested some possible mechanisms to
explain the exercise-induced increase in filtration fraction
(FF) observed in humans and other species. First, mainte-
nance of glomerular hydrostatic pressure and preservation of
GFR through greater constriction of the efferent arteriole
relative to the afferent arteriole.40 However, data from com-
parative species are lacking or have not fully supported this
hypothesis. A second hypothesis for exercise-induced
increases in FF postulated that changes in glomerular capil-
lary Kf simultaneous to decreases in glomerular capillary
hydrostatic pressure would ‘assist in maintaining GFR’.40

While not directly tested, this mechanism fits teleologic-
ally with data from human and animal studies docu-
menting exercise-induced increases in substances that 

affect Kf, such as vasopressin, the prostaglandins, and
angiotensin II.40

The effects of exercise on GFR and FF appear to be similar
in the exercising horse and in exercising humans. Hinchcliff
and co-workers71 reported that, as in humans, there appear
to be no alterations in GFR or FF during standing control or
submaximal (50–60% V̇O2max) exercise in horses. In that
study, creatinine clearance (GFR) ranged between 2.0 and
2.5 mL/min/kg and FF averaged 23%.71 High-intensity exer-
cise, on the other hand, produces a significant decrease in
GFR and a significant increase in FF in the horse.72 Schott
and co-workers72 demonstrated that GFR decreased 73%
from a mean of 1.9 mL/kg/min to 0.5 mL/kg/min during
exercise performed at an intensity shown to produce V̇O2max.
As with humans, horses performing high-intensity exercise
had significant increases in FF from 16% at rest to 23.2%
following running.72 While drugs like furosemide and
phenylbutazone affect renal blood flow, they do not appear 
to alter GFR and FF in the horse during submaximal or
maximal exercise.73 These observations were interpreted to
suggest that the renal prostaglandins play a minimal role 
in mediating changes in GFR and RBF in the horse during
exercise.73

Renal tubular function and excretion
during exercise

In simple terms, the kidneys filter the blood at the glomerulus
and then selectively reabsorb or secrete essential and non-
essential substances in the tubules.6,40 Normal fluid and elec-
trolyte homeostasis requires the kidneys to eliminate excess
water and electrolytes or if there is a deficit, to reabsorb those
vital components of the blood.6,40 Alterations in GFR and/or
tubular handling of water and solutes ultimately affects the
volume of urine produced and the rate volume of essential
electrolytes excreted over a given period of time.6,40 Studies of
humans, dogs, and horses have demonstrated that changes
in tubular handling of water and solutes varies with work
intensity.6,40 These changes appear to be secondary to alter-
ations in renal blood flow, GFR, and the filtered load of a given
substance.6,40 We are aware of only a few studies of the
effects of exertion on renal tubular function. One study
(Fig. 38.5) examined the effects of 1 h of submaximal exer-
cise on endocrine changes and renal tubular function74 and
the others examined the effects of high intensity exercise on
renal function during and after exercise.72

During submaximal exercise, performed at an intensity
below 60% V̇O2max, urine flow increases in humans and
horses.40,69,71 However, in horses, while low intensity exercise
resulted in a significant 45% increase in urine production,
the total volume of extra water lost (~6 mL/min) was
reported to be small compared with the increased volume lost
as sweat.72 McKeever et al.74 reported that the increase in
urine flow was due to an exercise-induced increase in osmotic
clearance induced primarily by a natriuresis and a kaliure-
sis.74 The increase in sodium excretion appeared to be medi-
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ated by a concomitant increase in plasma atrial natriuretic
peptide (ANP).74 Even so, the total amount of sodium lost via
renal excretion was minimal. The authors suggested that,
during exercise, ANP (a potent vasodilator) functioned
primarily to facilitate decreased vascular resistance in the
working muscles74 so as to accommodate increased atrial
pressure caused by exercise-induced increases in venous
return. The relatively small but significant increase in sodium
excretion observed in horses and humans during the early
part of a bout of endurance exercise appeared to be a minor
secondary response to the potent cardiovascular action of
this hormone.74

Interestingly, the authors of that same study demon-
strated that there was a significant kaliuresis as well as the
aforementioned natriuresis and suggested that the increase
in potassium excretion was due primarily to a rise in plasma
aldosterone concentration.74 The increase in plasma K+ con-

centration seen in submaximally exercised horses coincided
with an increase in plasma aldosterone concentration.74 The
authors speculated that because there were limited decreases
in plasma Na+ concentration, the increases in aldosterone
release may have been primarily in response to the rise in
plasma K+ concentration.74 This phenomenon has been
demonstrated by other researchers, who have shown that the
most potent stimulus for aldosterone secretion is an increase in
circulating potassium.74 Functionally, this prevents excessive
increases in plasma K+ concentration, which can alter electro-
physiological gradients in the muscles and other tissues.74

Several studies have documented that excessive increases in
plasma K+ concentration appear to be one of many factors con-
tributing to the onset of muscle fatigue.6,74 Thus, the reported
increase in plasma aldosterone release and the kaliuretic action
of ANP may function to limit an excessive rise in plasma K+

concentration during lower-intensity exercise.74
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Another major problem associated with exercise in the
horse is an excessive and disproportional loss of chloride via
the sweat.74 McKeever et al74 demonstrated that renal chlo-
ride losses decrease when plasma chloride concentrations
fall. Similar reductions in chloride excretion are also seen in
exercising humans.6,40 As Na+ and K+ excretion increased in
submaximally exercised horses, the authors suggested that
mechanisms affecting the conservation of those electrolytes
could not have been responsible for the increase in Cl–

reabsorption.74 Interestingly, the same horses became alka-
lotic during the hour-long bout of exercise.74 Thus, the
authors suggested that based on other reports,40,74 renal
mechanisms affecting reabsorption of Cl– and secretion of
HCO3

– by the antiporter in the apical membrane of the
intercalated cell of the cortical collecting duct may have led
to conservation of chloride.40

Lastly, solute-free water clearance does not appear to be
altered by submaximal exercise in the horse despite
significant increases in plasma osmolality and plasma vaso-
pressin concentrations.74 Similar observations have been
made in exercising humans.40 This paradox has several possi-
ble explanations. First, a decrease in renal blood flow poten-
tially could decrease the filtered load of solute-free water
available for reabsorption by the action of AVP on the collect-
ing ducts.40 This explanation would not be supported by the
observation that submaximal exercise does not affect
absolute RBF or GFR.6,71 It may, however, be possible that the
extrarenal functions of vasopressin are more important
during exercise and actions on the kidneys are overridden.
Such functions may include vasopressin’s role in vaso-
constriction of vascular beds in non-obligate tissues, its role
in central mechanisms that stimulate thirst and drinking,
and its action on the gut.6,25,75,76 In the gut, vasopressin
appears to act on the epithelium of the large intestine
enhancing the uptake of sodium and water.75 This protective
effect would aid in the limitation of exercise-related fluid
deficits more than potential reductions in free water 
clearance.

High-intensity exercise appears to have effects that are
dramatically different from submaximal exertion. Sodium
excretion is dramatically reduced during high-intensity exer-
cise in horses, pigs, and humans.6,40,71 Inconsistent changes
in sodium excretion have been observed in the exercising
dog.40 Several mechanisms could be responsible for the
decrease in sodium excretion including: (i) a decrease in
filtered load of sodium; (ii) activation of the renin–
angiotensin cascade; (iii) elevation of plasma aldosterone
concentration; and (iv) direct neurogenic control.40 In the
first instance, a change in filtered load sodium would mean
that less solute would be presented to the tubules for
reabsorption. This would require a reduction in GFR; as this
does not change in humans, pigs, or horses,6,40,71 it does not
appear to be a viable mechanism for the decrease in sodium
excretion. More recent information has been published that
shows that the decrease in sodium excretion is not blocked by
pharmacological blockade of the renin–angiotensin cas-
cade.40 Aldosterone concentration increases in the horse
without a change in sodium excretion.74 In other species, the

observation that sodium excretion rapidly returns to baseline
after exercise suggested that aldosterone was not the media-
tor of the antinatriuresis seen during exercise.40 The speed of
the recovery has been further interpreted to suggest a neural
mechanism.40 This theory is consistent with a reported
intensity-dependent increase in renal sympathetic nerve
activity during exercise.40 Zambraski40 and others have sug-
gested that, based on all the current evidence, the mecha-
nism behind exercise-induced increases in sodium
reabsorption is primarily direct neurogenic control.

Schott et al.72,73 reported that urine flow almost stopped
during supramaximal exercise and was still below pre-
exercise levels in the period immediately after exercise. High-
intensity exercise also caused a decrease in urine osmolality
and osmotic excretion.72,73 Interestingly, one would have
predicted a significant reduction in electrolyte excretion;
however, there were only non-significant reductions in the
bulk excretion of K+ and Cl– during exercise and no change in
Na+ excretion, despite a reduction in urine flow.72 This
response contrasts with changes observed in other species.40

One explanation for this aberrational finding may be the
design of the experiment. In the experiment, exercise was
performed during part of one of the 15-min collection
periods.72 Data for the entire 15-min collection period were
pooled and included a postexercise period characterized by
diuresis, natriuresis, and kaliuresis (see below). These post-
exercise changes may have offset any exercise-induced
decreases in electrolyte excretion that should have occurred
with a reduction in RBF and urine flow.

High-intensity exercise appears to also affect urinary pH,
an observation of interest to racing chemists.77 Gerken et al77

reported that high-intensity exercise caused a transient
reduction in urine pH that lasted for up to 60 min of recov-
ery. The authors suggested that the more acidic urine 
may affect the results of the battery of tests used to detect
foreign substances.77 More interestingly, they suggested 
that alkalinizing agents like sodium bicarbonate may alter
postexertion pH, thus further complicating drug detection
efforts.

Post-exercise changes in renal 
function

While the studies of Schott et al.72,73 did not document a
change in tubular function, the authors did report a substan-
tial postexercise increase in urine flow. Data were consistent
with a diuresis, kaliuresis, and natriuresis.72,73 Excretion
rates for these substances returned to baseline by 30 min of
recovery. The authors suggested that the increase in sodium
and potassium excretion was most likely due to an increase in
atrial natriuretic peptide, which had been shown to increase
during exercise in the horse.72 Long term, the adaptations to
exercise training involves reduction in 24-h urine output 
and an expansion of plasma volume with a concomitant
increase in the content of sodium in the vascular compart-
ment.14,78
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Adaptive response to
repeated exercise (training)

Training-induced hypervolemia

Repeated exercise or training usually evokes an adaptive
response that better prepares the horse’s various physiologi-
cal systems for subsequent bouts of acute exertion.6,11,14,48,79

Disturbances in fluid and electrolyte balance require a two-
phase response, with the early phase resulting in the replen-
ishment of acute fluid and electrolyte losses and a secondary
or adaptive phase that results in an enhanced ability to cope
with future systemic disturbances.6,11,14,48 This ‘hyper-
volemic’ response to training is an adaptive response that
involves a beneficial increase in blood volume due to an
increase in plasma volume.48 The training-induced hyper-
volemia is beneficial because it enhances both cardiovascular
and thermoregulatory stability during the challenge of acute
exercise.48,80 The increase in total body water provides extra
fluid that insures cardiovascular stability by providing the
extra volume needed to maintain venous return and thus
cardiac output.6,48 Thermoregulatory benefits are two-fold,
including an increase in the ability to increase skin blood flow
to enhance transport of heat from the core to the surface and
an increase in the amount of fluid available for sweat produc-
tion and evaporative cooling.48 Functional evidence for the
latter benefit can be seen in studies of humans that have
demonstrated that trained individuals have an earlier onset
to sweating and produce more sweat compared to untrained
individuals exercising at the same relative submaximal work
intensity.48 It is likely that there are similar training-induced
changes in cardiovascular function and thermoregulation in
the horse.80

Mechanistically, the retention of water and electrolytes
that leads to a training-induced hypervolemia reflects the
effort of multiple systems to defend volume, plasma osmolal-
ity, and blood pressure.6,11,14,19,48 Comparative studies have
demonstrated that approximately 60% of the mechanism
behind the hypervolemic response is related to stimuli associ-
ated with the demands of thermoregulation48 The remaining
40% of the response appears to be related to mechanisms
directly associated with exertion.48 These mechanisms
counter acute fluid and electrolyte losses by stimulating the
intake of water and by reducing renal losses of water and
electrolytes (Fig. 38.6).

Interestingly, rats, humans, dogs, and horses all expand
their plasma volume in response to exercise training.14,48,79,81

However, there are profound species differences in the mech-
anism behind the hypervolemic response to exercise training.
Dogs expand their total body water through drinking, in fact,
water is consumed at a greater rate than an observed train-
ing-induced natriuresis and diuresis.81 Cooling in dogs
involves a large loss of respiratory water and saliva, which
results in acute increases in plasma tonicity and osmolality.81

Thus, dogs must either drink to take in water to dilute the
hyperosmotic hypertonic plasma or they must use renal

mechanisms to excrete the excess electrolytes sensed in the
plasma.81 Humans and horses on the other hand, lose a large
amount of electrolytes in their sweat; therefore, there is a
drive to replenish fluid and electrolytes to defend both volume
and tonicity.14,48,78

In horses and humans, drinking during and immediately
after exercise at best only slows or partially counters the
development of a fluid deficit, but does not counter any elec-
trolyte deficit.14,48,78 Studies of horses and humans are mixed
as to the role of water and electrolyte intake in the long-term
response to exercise training.14,48,78 Humans use both an
increase in thirst and drinking and renal mechanisms to
increase net fluid retention.48 Drinking in humans, how-
ever, does not account for all of the net water retention, 
with most of the actual expansion of total body water 
coming through renal mechanisms.48 One recent study of
the horse reported that water intake increased with training;
however, the authors did not measure renal losses or 
conduct a balance study that would determine if the amount
ingested contributed to an expansion of plasma volume.6

Other studies have shown that exercise training does not
alter water intake in the horse.14,78 Instead, they reported
that the horse appears to rely on renal mechanisms and 
an overall reduction in urine water loss14,78 to retain the
sodium and water needed to expand plasma and blood
volume.

In both humans and horses, this decrease in urine output
seen with training is due to alterations in postglomerular
mechanisms rather than a change in filtration rate.14,48,78
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These renal adjustments are an adaptive or training response
rather than a countermeasure to the perturbations of acute
exercise. In humans an aldosterone-mediated retention of
sodium and water seems to cause a net retention of
water.82–84 Until recently, the mechanism behind the hyper-
volemic response was not as clear in the horse. An early study
did not demonstrate any change in renal mechanisms affect-
ing the retention of sodium and water, and instead suggested
that urea rather than sodium may be the solute responsible
for the renal retention of water that leads to a training-
induced expansion of plasma volume in the horse.14

However, the authors paradoxically demonstrated that there
was a highly significant increase in plasma sodium content
that paralleled the increase in plasma volume.14 Interestingly,
this net increase in retained sodium and water occurred
despite increased losses via sweating.14 As the rate of sodium
intake was held constant, the only other routes for a training-
induced retention of sodium would have been either a more
efficient uptake of electrolytes and water from the gut and/or
a net retention by the kidneys early in the first days of
training, as seen in humans, where most of the response
occurs in the first days of training. To solve this mystery, a
more recent paper78 focused on the first days of training and
demonstrated dramatic reductions in urine output and
excretion of sodium during the first days of training. Thus,
like humans, the horse appears to undergo a similar aldo-
sterone-mediated retention of sodium and water by the
kidneys.78

However, it was also found that renal retention of sodium
and water did not fully counter losses seen in the sweat
during the first days of training and the authors suggested

that an enhanced aldosterone-mediated uptake of sodium
and water from the large intestine may also contribute to the
retention of electrolytes and water.78 This makes sense
because the horse’s large intestine serves as a fluid reservoir.
Such an additional response in the horse may be a warranted
species-specific adaptation in response to the relatively larger
electrolyte deficits associated with the production of hyper-
tonic sweat. Enhanced intestinal uptake of sodium and water
is supported by other published studies85 demonstrating that
aldosterone may enhance the transport of electrolytes and
water from the digestive tract of the horse.

Concurrent with the aforementioned retention of water,
sodium, and other vital electrolytes (which keeps the retained
fluid isotonic), is an increase in the plasma protein
content.14,48,78 This increase in protein functions to keep the
plasma iso-oncotic; thus, holding water within the vascular
space. Human studies suggest that the early increase in
plasma protein content comes about from inward shifts of
protein from the lymphatics and interstitial space, and later
from an overall net increase in plasma protein synthesis.48

The hypervolemic response to training in the horse also
appears to involve an increase in the content of plasma
protein, most likely through a net increase in synthesis.14,78

One aspect of the effect of training yet to be studied in the
horse is whether there are alterations in the cardio-
pulmonary baroreceptors that allow for the retention of the
extra vascular volume. Human studies have shown that
training results in a down regulation of the ANP and neuro-
endocrine response to exercise, quite possibly to accommo-
date the hypervolemia associated with exercise training.48

Future research should determine if down regulation of
these important control mechanisms also occurs in 
horses.

It is important to note that short term horizontal studies of
humans, dogs, and horses have demonstrated that the
increase in plasma volume occurs early in training and is fol-
lowed by a subsequent slow increase in red blood cell volume
(Fig. 38.7).86 Thus, early in training, if one only looks at
hematocrit there is a false impression of a ‘sports anemia’.86

Interestingly, in humans there appears to be an overshoot in
the expansion of plasma volume.86 As red cell volume slowly
increases, the early increases in plasma volume appear to
level off and even decrease.86 Thus, after weeks and months
of training there is a greater blood volume, with both plasma
and red cell volume remaining greater than pretraining
levels,86 most likely at a level that optimizes both blood
viscosity and oxygen-carrying capacity.87

Effects of aging on the acute
and chronic response to
exercise

A limited number of data have been reported comparing the
thermoregulatory responses of older and younger men and
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women during exercise in the heat.88,89 It has been concluded
that age influences thermoregulatory function during exer-
cise.88 Suggested reasons for this age-related decline in the
ability to thermoregulate properly during exercise in humans
include lower cardiovascular capacity due to the age-related
decrease in cardiac output, alterations in mechanisms associ-
ated with the control of skin blood flow, and a possible state of
hypohydration in the elderly.88

While there are an abundance of papers that have exam-
ined thermoregulation in young horses, few studies have
addressed the effects of age on the thermoregulatory response
to exercise in the horse.90,91 McKeever and co-workers90,91

exercised young and old horses at the same submaximal
absolute work intensity of 1625 watts until they reached a
core body temperature of 40°C. Older horses reached a core
temperature of 40°C in almost half the time required by the
younger mares.90,91 The heart rates of the older mares were
also substantially higher than the heart rates of the younger
mares at 40°C.90,91 Interestingly, both groups had similar
heart rates and core temperatures by 10 min after exer-
cise.90,91 Even with the more rapid heart rate, older horses
were still unable to dissipate the heat generated from exercise
as quickly as younger mares, therefore leading to a faster
increase in core temperature after the onset of exercise. 
Age-related changes in fluid and electrolyte balance and
cardiovascular function may contribute to the impaired
thermoregulatory capacity. Older humans commonly have
lower total body water, plasma volume and reserves of fluid for
sweating. 88 In the above mentioned studies of aged horses the
changes in markers of fluid status suggested that acute 
fluid shifts were of a similar magnitude when compared to
younger animals. However, a subsequent study92 demon-
strated that older horses had a substantially lower pre-exercise
plasma volume compared to younger animals. A lower plasma
volume could result in lower venous return, stroke volume, 
and cardiac output and a compromise of thermoregulatory
stability.

Summary

Exercise places large demands on the cardiovascular system,
and is further complicated by environmental factors.
Performance is limited in many respects by fluid and elec-
trolyte stores and the ability to maintain cardiovascular and
thermoregulatory stability in the face of severe sweat losses.
Studies of the exercising horse have been primarily descrip-
tive and/or associative with only a limited number seeking 
to identify physiological mechanisms associated with the
control of fluid and electrolyte balance. More mechanistic
studies are needed to fully understand the integration 
of the cardiovascular, endocrine and renal systems in the 
defense of plasma osmolality, blood volume, and blood
pressure.
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40 nEq/L. Let us now consider reasons for the changes in
acid–base status in the horse at rest and during exercise.

Overview of acid–base
responses to exercise

Moderate- to high-intensity muscular exercise results in
acidification of muscles and blood. The acidification that
occurs primarily results from the generation of protons (H+)
within contracting skeletal muscle. The protons are gener-
ated from a series of biochemical and physicochemical
reactions associated with increased rates of anaerobic energy
production. These proton-generating reactions will be
detailed below. The protons that are generated continue to be
involved in a series of chemical reactions involving carbonic
anhydrases and membrane transport proteins that results in
the net movement of acid-equivalents out of the contracting
muscle cells into the interstitium, and from there into the
lymphatic system and venous capillary circulation. It is this
large and rapid efflux of acid equivalents from contracting
muscle that produces the systemic metabolic acidosis associ-
ated with moderate- to high-intensity exercise.

In the exercising horse, whole-body acid–base balance is
dependent on the integrated responses of the muscular, res-
piratory, vascular, hepatic, cutaneous, and renal systems. The
muscular system, in addition to providing the locomotory
force requirement for activity, generates considerable
amounts of acid equivalents, resulting in acidification of the
intracellular and extracellular fluid compartments. Non-
contracting skeletal muscle also provides the largest tissue
mass within the body for the removal of lactate and acid
equivalents during high-intensity exercise and the initial
recovery period. The respiratory system plays a key role in
eliminating acid equivalents as CO2 at the lung, in addition to
extracting the O2 needed to fuel aerobic cellular metabolism.
The vascular system plays an integral role in the transport
and distribution of acid and base equivalents throughout the

Introduction

The aim of this chapter is to provide an introduction to
acid–base assessment in clinically normal horses at rest and
performing exercise of different intensities and durations.
The physicochemical approach to acid–base assessment will
be introduced and used to exemplify the origins of acid–base
disturbances during exercise. Also, the impact of diet, alka-
linizing agents, frusemide, and selected clinical conditions on
acid–base status will be explored briefly. An update on acido-
sis and skeletal muscle fatigue will be provided and it is hoped
that this will help to dispel some of the myths and confusion
surrounding lactate, H+, and muscle fatigue. At the outset, it
is also important to dispel another myth. We often read that
plasma and intracellular pH are maintained within narrow
limits. This contention is not supported by the research liter-
ature in any animal so far studied, including horses. In clini-
cally normal humans and horses, plasma pH can vary from
7.0 to 7.6, although the norm lies close to 7.4. The large
range of change in pH represents a four-fold change in [H+],
specifically 25 to 100 nEq/L, with normal plasma [H+] of
40 nmol/L. While this range of plasma [H+] can be tolerated,
it is true that such changes are eventually accompanied by
the activation of mechanisms that return [H+] back towards
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body – this system provides for the ‘buffering’ of the acid–
base disturbance by distributing acid equivalents from acid-
generation sites (contracting skeletal muscle) to other sites
(non-contracting skeletal muscle and other tissues). Within
the vascular system itself, bicarbonate, plasma proteins and
hemoglobin within red blood cells are also involved in the
transport and temporary storage (buffering) of acid equiva-
lents. The hepatic system is a major tissue mass involved in
the removal of lactate from the vascular system, thereby
removing acid equivalents from the circulation. The cuta-
neous system is heavily involved in the production and
secretion of sweat to the surface of the skin during and
immediately following moderate to high intensity exercise.
Sweat contains large amounts of Na+, K+ and Cl– and differ-
ent rates of excretion of each ion affects acid–base state of
blood leaving the skin. The kidneys are capable of excreting
H+ and lactate at greatly elevated rates during recovery from
high intensity exercise, aiding in the process of recovery from
the acidosis of exercise.

Each of the systems described above is capable of modify-
ing the water, electrolyte and acid–base composition of the
extracellular (blood plasma, lymph, interstitial fluids) and
intracellular fluid compartments. It must therefore be appre-
ciated that the acid–base status of the blood depends greatly
on where and when the blood is sampled. Blood draining
intensely contracting skeletal muscle has very high concen-
trations of H+, lactate, K+, and CO2, whereas blood that
drains relatively inactive tissues (jugular venous blood, for
example) has markedly lower concentrations of these
metabolites and ions; arterial blood is intermediate in compo-
sition. Also, the magnitude of change is proportional to the
intensity and duration of exercise, and the concentrations of
these and other substances change with time of exercise and
recovery.

Why is acid–base balance important? A detailed analysis
of acid–base balance provides a biochemical and physico-
chemical description of the state of the organism, or of indi-
vidual organs and tissues within the body. Furthermore,
severe acid–base disturbances are often associated with high-
intensity exercise, with prolonged duration exercise, and with
many pathologies. Therefore an understanding of the origins
of acid–base disturbances is of interest to both basic and clin-
ical physiologists. Within the context of the present chapter,
exercise physiologists remain keenly interested in acid–base
balance because of a close association between acidification
and muscle fatigue.1,2 Considerable research over the past
century has identified many effects of increased [H+] within
skeletal muscle (Box 39.1; for reviews see Jones and
Heigenhauser,3 Fitts4). The content of this chapter is prima-
rily directed to moderate- to high-intensity exercise because
exercise at these intensities produces a significant acid–base
disturbance, while exercise at low intensities does not (unless
markedly prolonged with underlying dehydration and meta-
bolic abnormalities). Hultman and Sahlin’s 1980 paper still
provides the best, detailed review of skeletal muscle acid–base
balance during exercise.5 Previous treatments of muscle
acid–base balance emphasizing a physicochemical approach
include Lindinger6 and Lindinger and Heigenhauser.7,8

Thorough reviews on plasma acid–base status have been pro-
vided by Constable,9 Kowalchuk and Scheuermann,10

Lindinger et al11,12 and Johnson et al.13 Clinical primers on
assessing and treating acid–base disturbances are provided
by Whitehair et al,14 Constable,15 Carlson,16 and Corley and
Marr.17 Hyyppä and Pösö18 and Kingston and Bayly19

provide brief reviews on the effects of exercise on acid–base
status in horses.

In traditional terms, many of us remember being taught
that acid–base balance is represented by the relationships
among PCO2, pH and the HCO3

– in blood plasma.20,21 While
this is true, using only these three variables provides for only
a very limited understanding of the factors that contribute to
acid–base imbalances. The approach taken within this
chapter is to use a comprehensive, physicochemical approach
to identify the causes or origins of acid–base disturbances
during exercise, and to discuss how the disturbance is
resolved during recovery from exercise.

While the traditional variables of acid–base – PCO2, pH and
the HCO3

– – are useful in identifying whether an acid–base
disturbance is metabolic or respiratory in nature,20–22 they
are insufficient to identify the physicochemical origins of the
acid–base disturbance. It is nonetheless important for the
student of acid–base physiology to be familiar with the con-
cepts presented using the traditional approach, and to be able
to use these concepts as an important foundation on which to
apply the physicochemical approach. This chapter will
emphasize the use of the physicochemical approach as this
method provides for a detailed physiological and clinical
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Decreased glycogenolytic (phosphorylase) activity33,162 →
decreased anaerobic ATP production → ATP supply is 
limited → fatigue

Decreased glycolytic (phosphofructokinase) activity33,163,164 →
decreased anaerobic ATP production → ATP supply is 
limited → fatigue

Decreased pyruvate dehydrogenase activity33 → decreased
aerobic ATP production → ATP supply is limited → fatigue

Decreased sarcolemmal and sarcoplasmic reticulum Ca2+ ATPase
activity59,165,166 → elevated cytosolic [Ca2+] → decreased myosin
ATPase activity59 → decreased rate of actin–myosin cross-bridge
cycling → slowed rate of muscular contraction → fatigue

Increased [H+] increases the [diprotonated inorganic phosphate]
→ Inhibition of actin–myosin cross-bridge interaction
resulted36,167,168

Inhibition of Ca2+ binding to troponin C,59,169,170 resulting in
decreased number of actin–myosin cross-bridges formed →
decreased strength of force production → fatigue

Increased acetyl CoA, indicative of increased intramuscular
triacylglycerol hydrolysis33 → increased citric acid cycle
dehydrogenase activities → stimulate aerobic metabolism

Decreased lactate efflux from muscle cells171 → prolongation of
intracellular acidification by retaining a strong acid anion

Box 39.1 Effects of increased intramuscular [H+] and functional
consequence(s) in muscle



assessment of acid–base disturbances. It is worth pointing
out that the traditional approaches to assessing acid–base
status are not incorrect, but rather they were a simplification
introduced in the 1960s to make use of readily available and
relatively simple measurements of PCO2 and pH. Techno-
logical developments from the 1970s have simplified the
measurements of the other important acid–base variables in
blood plasma and skeletal muscle, allowing us to take a more
comprehensive approach.

The physicochemical approach presented here was
detailed by Peter Stewart,23,24 bears many similarities to
earlier work by Peters and Van Slyke,25 and builds on the
work of many others, including Hastings, Dill, Lawrence,
Henderson, and Siggaard-Andersen. This approach is based
on the defined physicochemical properties of electrolyte solu-
tions as detailed in textbooks of physical chemistry.26 Helpful
books and reviews include those by Stewart,23,24 Kowalchuk
and Scheuermann,10 Lindinger,6 Heigenhauser,27 Jones and
Heigenhauser,28 Constable15 as well as software developed by
Watson.29

Acidosis and skeletal muscle fatigue

There is no question that high-intensity muscle contraction
results in intracellular acidification2,30 that generates an
extracellular, systemic acidosis in the whole organism that
can be very pronounced and long lasting.11 It is also clear
that intracellular acidosis and fatigue are associative during
high-intensity exercise, with mounting evidence that
increased [H+] reduces the calcium sensitivity of the contrac-
tile proteins.30 Furthermore, acidosis imposed prior to the
period of high-intensity exercise results in an earlier onset
and more pronounced skeletal muscle fatigue.31,32

Intracellular acidosis may, however, only exert these effects
during high-intensity muscle contraction and recent evi-
dence has shown that the contributions of intracellular aci-
dosis to fatigue process have yet to be fully understood.30,33–35

Indeed, Westerblad and colleagues36 have suggested that
increased intracellular concentrations of inorganic phos-
phate may be a more important contributor to muscle fatigue
than the increase in [H+].

Skeletal muscle fatigue is also associated with an increased
interstitial [K+] as a result of rapid rates of K+ loss through
sarcolemmal K+ channels during the recovery phase of
action potentials.37 This increase in interstitial [K+] results in
a marked depolarization of the sarcolemma and decreased
contractile force.38,39 In contrast to the dogma that we have
long been taught, Nielsen et al34 demonstrated that the loss
in both sarcolemmal excitability and tetanic force resulting
from elevated interstitial [K+] (8–12 mEq/L) was actually
reversed when intracellular acidosis (either 20 mmol/L lactic
acid or 50% CO2) was imposed!34 While these muscles were
only stimulated to perform one contraction every 10 min,
this allowed a separation between the fatigue associated with
repetitive contraction versus that associated with sarco-
lemmal depolarization and intracellular acidification.

As summarized by Fitts4 and Chin and Allen,30 increased
[H+] does contribute to decreased force production during

high-intensity muscle contraction (Fig. 39.1), and there is
reasonably good evidence that these effects occur at the level
of: (i) impaired Ca2+ binding to troponin C, which therefore
impairs the ability of actin to form cross-bridges with myosin;
(ii) slowing sarcoplasmic reticulum (SR) Ca-ATPase activity;
(iii) increasing the leak of Ca2+ from the SR; and (iv) a key site
of biochemical control within glycogenolysis (decreased
glycogen phosphorylase a activity) and glycolysis (decreased
phosphofructokinase activity).33 The latter study also demon-
strated an increased reliance on fat metabolism to meet the
energy demands of contracting muscle during exercise in
humans made acidotic by ingestion of 0.3 g/kg ammonium
chloride.

It may be concluded that intracellular acidosis may have two
main effects that, when taken together, are of long-term benefit
for muscle function and survival (prevention of destruction
resulting from over use). First, acidification restores the sar-
colemmal excitability and contractility resulting from elevated
interstitial [K+], and the former is very important for cells main-
taining the composition of their intracellular environment
within physiological limits. Second, the muscle retains the
ability to contract while the force and rate of contraction and
rates of glycogenolysis/glycolysis are slowed as a result of the
acidosis. This in turn slows the demand for energy and the pro-
duction of acid equivalents, while allowing the animal to con-
tinue to move if need be.

Assessment of acid–base
balance and factors that
affect acid–base regulation

The only method capable of fully assessing acid–base balance
is the physicochemical approach, therefore it is this system
that is detailed below and used within this chapter.
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Fig. 39.1
Overview of events contributing to the intracellular acidosis
and fatigue of skeletal muscle during high intensity exercise.
A – indicates a decrease in accumulation of function, while a 
+ indicates a positive contribution to the increase in [H+].



Physicochemical characteristics refer to those properties and
reactions that are physical and chemical in nature; they
proceed in the absence of enzymes and life and occur as a
result of the physical and chemical properties of the solvent
and solute molecules. Also, biochemical reactions, those
catalyzed by enzymes, may alter the physicochemical proper-
ties of a solution. However, for the purposes of discussing
acid–base balance biochemical reactions may be considered
distinct from physicochemical reactions. The main physico-
chemical reactions are detailed below.

The advantages and disadvantages of the physicochemical
approach are listed in Box 39.2. The development and wide-
spread use of ion-selective electrodes and combination blood
gas–electrolyte analyzers has greatly simplified the process of
obtaining the necessary measurements with the accuracy
needed to perform detailed assessments of acid–base
balance.9,11,40–43 The advantages of this approach lie in the
ability to quantitatively determine the physical and chemical
origins of acid–base disturbances. This is therefore a very
powerful approach and an important step towards under-
standing acid–base physiology and pathophysiology. This
approach provides an essential foundation for the effective
treatment of pathological acid–base disorders.

Physicochemical determinants of
acid–base balance

Prior to detailing the physicochemical reactions that increase
[H+] within contracting skeletal muscle, it is necessary to
provide an introduction to the physicochemical system of

acid–base balance. This approach is founded on three under-
lying physical premises:

1. A dissociated proton molecule (H+) is only in physical exis-
tence for a fleeting instant of time, approximately 10–5 s.
The proton is highly reactive, associating briefly with
negative charges on proteins, –OH molecules, HCO3

– mole-
cules and amino acids to name a few. The proton is there-
fore very unlike inorganic electrolytes such as Na,+ K+ and
Cl,– which are relatively unreactive.

2. Protons are a main constituent of water, the most pre-
valent molecule within the body. Water thus provides an
almost limitless source of H+ for biochemical and physico-
chemical reactions. Protons are part of the solvent that
comprises the milieu of the body. It is because of the ability
of water to so rapidly dissociate and reassociate H+ and
–OH water is the ‘universal’ solute.

3. Because of these physical attributes of protons and water, it
is physically impossible to add protons to a physiological
solution without adding water. Take hydrochloric acid (HCl)
as an example. HCl exists in aqueous form and is character-
ized by very high concentrations of Cl– and H+ in solution.
The H+ is an integral part of the aqueous system. As
described below, it is the strong acid anion Cl– that makes
this solution so acidic. The strong acid anion Cl– can be neu-
tralized by the addition of an equivalent amount of the
strong base cation Na+ to the solution, but without an
accompanying acid anion such as Cl,– HCO3,– or H2PO4.–

Thus NaOH would be added – the strong anions Cl– and Na+

remain fully dissociated in solution while there occurs a
rapid reaction between H+ and –OH that decreases [H+]. The
resultant solution is saline at neutral pH.

The physicochemical approach to acid–base balance 
recognizes that three groups of independent variable deter-
mine the concentrations of the traditional acid–base vari-
ables pH and [HCO3

–]: (i) the strong ion difference (SID),
which represents the sum (charge considered) of the strong
acid anions and strong base cations; (ii) the total weak acid
concentration (Atot), which represents the sum (charge con-
sidered) of the weak acids and bases; and (iii) the carbon
dioxide (CO2) concentration, which is usually measured and
used as the partial pressure of CO2 (PCO2) (Fig.39.2).

Strong ions and strong ion difference

The terms ‘strong acid anion’ and ‘strong base cation’ were
introduced in the preceding section and they will be defined
here. The term ‘strong’ refers to the fact that the ion will be fully,
or nearly so, dissociated in aqueous solutions (Fig. 39.2). Most
of the inorganic ions are ‘strong’ and hence nearly fully dissoci-
ated within the body fluids (Box 39.3). Some organic ions are
also strong, such as lactate– (acid dissociation constant of 3.9)
and phosphocreatine2– (PCr2–, acid dissociation constant of
4.5). Anions possess negative charge whereas cations possess
positive charge. An anion is an acid by definition because the
addition of that strong anion, in the absence of an accompany-
ing strong base, will result in acidification of the solution. Using
the example of HCl above, the addition of HCl to plasma will
result in acidification. Similarly, the addition of Hlactate will
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Disadvantages

● Requires accurate measurement of many variables including
plasma PCO2, [Na+], [K+], [Cl–], [lactate–], [plasma protein] and,
in muscle, additionally [Atot].

40

● Requires advanced calculator or computer to perform
calculations.

● Requires consideration of physical chemistry, biochemistry and
physiology – it is truly an integrative approach.

Advantages

● Provides for detailed analysis of why changes in [H+] and
[HCO3

–] occurred, giving insight into the pathophysiology of
any type of acid–base disorder.

● Allows for the determination of the individual independent
variables, i.e. [Na+], [lactate–], [plasma protein] . . . that is, the
origin of the acid–base disturbance.

● Identification of the origins of the acid–base disturbance allows
one to determine the physiological or biochemical
mechanism(s) responsible for the alteration(s) in independent
variables.

● Knowledge of the physicochemical origins and
physiological/biochemical mechanism(s) behind the acid–base
disturbance allows for the development and administration of
effective treatment strategies for correcting the acid–base
disturbance with minimal untoward side-effects.

Box 39.2 Disadvantages and advantages of the physicochemical
approach to determination of acid–base balance



also result in acidification. In contrast, the addition of the strong
base Na+ in the absence of accompanying strong anion (as
NaHCO3

–) will result in alkalinization. The values for the key
variables used in the physicochemical assessment of acid–base
balance, for resting horses, are provided in Table 39.1.

The concentrations of strong acid anions and strong base
cations within a fluid compartment are summed, with consid-
eration of the charge, to yield the strong ion difference [SID].

Within plasma and the extracellular fluid compartment
the [SID] can be calculated as:

[SID] (mEq/L) = ([Na+] + [K+] + [Mg2+] + [Ca2+]) – ([Cl–] + 
[lactate–] + [SO4

2–])

Note that it is the free or ionized concentrations of the diva-
lent ions that must be used, and not the total concentration;
considerable amounts of the divalent ions are bound to
plasma proteins or to each other. The concentrations meas-
ured using ion-selective electrodes are those of the free or
ionized or dissociated ion in the aqueous portion of the solu-
tion (i.e. mEq/L of plasma water), so long as the instrument
does not use a calculation to modify the ‘concentration’ to
total (not free) concentration in units of mEq/L of plasma.
Thus, while these divalent ions are ‘strong’, the interactions
with charged moieties on protein molecules remove some of
the ion from solution. In practice, the free concentrations of
the divalent cations and anions are approximately equivalent
and can be ignored, leaving:

[SID]plasma (mEq/L) = ([Na+] + [K+]) – ([Cl–] + [lactate–])

In some treatments of acid–base balance using the physico-
chemical approach, [lactate–] is also ignored. However,
[lactate–] cannot be ignored in the exercising and recovering
animal.

Within skeletal muscle, PCr2– and Mg2+ must be used
within the equation because their free concentrations are
large and change substantially during exercise:

[SID]muscle (mEq/L) = ([Na+] + [K+] + [Mg2+]) – ([Cl–] + 
[lactate–] + [PCr2–])

The strong ions are important determinants of the concen-
trations of [H+] and [HCO3

–] because they directly affect the
associated state of H2O, and thereby determine the concen-
trations of H+ and –OH.

A decrease in the SID (without concurrent change in pCO2
or Atot), due to either a decrease in strong cation concentra-
tion or an increase in strong anion concentration, will
increase [H+] and decrease [HCO3

–] – an acidification occurs.
Conversely, an increase in SID has an alkalinizing effect and
decreases [H+] and increases [HCO3

–].

Weak acids and bases, and [Atot]

The term ‘weak’ refers to those anion acids and cation bases
that are not fully dissociated in solution. Thus when sodium
phosphate (Na2HPO4) is added to an aqueous solution two
Na+ are added and fully dissociate and a weak anion HPO4

2–

is added. In contrast to Na+, the HPO4
2– cannot achieve full

dissociation due to reactions of the molecule with H+ within
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The following definitions are placed in order of functional
similarities, as opposed to alphabetical order:
Base: any cation in biological fluids22

Buffer base: base equivalent to the sum of buffer anion
concentrations (including [HCO3

–]) in mEq/L22

Base excess/deficit: represents the accumulation of non-volatile
base/acid in the blood (excludes plasma [HCO3

–] and blood
hemoglobin concentration)172

Alkali (alkaline) reserve: the proton-buffering ability of plasma
bicarbonate when bases or non-volatile acids are added to or
taken from the body fluids22

[A
tot

]: a physicochemical term that defines the total
concentration of weak anions in solution23

[SID]: a physicochemical assessment term that refers to the sum
of all strong base cations minus the sum of all strong acid anions:23

[SID] = �[strong base cations] – �[strong acid anions]

Strong ion: those ions that are fully, or nearly so, dissociated in
physiological solutions. In general, if the dissociation constant is
≤ 4.5, then the molecule is considered to be a strong anion; if the
dissociation constant is greater than 9, then the molecule is
considered to be a strong cation.
Anion gap: a traditional term that is defined as:

anion gap = ([Na+] + [K+]) – ([Cl–] + [HCO3
–])

Strong ion gap: a term coined by Constable et al173 as an
alternative way of determining the concentration of unmeasured
strong ions in plasma:

Strong ion gap = 2.24 × total [protein] (g/dl)/(1 + 10(6.65-pH)) – AG,
where AG is the anion gap

Unmeasured anions: unmeasured anions contribute to the anion
gap, strong ion difference and strong ion gap.The unmeasured anions
include both strong (SO4

2–, some amino acids, pyruvate) and weak
(inorganic phosphate, carbonate, carbamates, some amino acids)
anions.The negative charges on plasma protein contribute to the
anion gap, and strong ion gap, but this is usually a ‘measured’ anion.

Box 39.3 A summary of acid–base terminology

Aqueous solution

Na+

Na+

Na+

Na+

NaH2PO4NaCl

Na+ Na+

Aqueous solution

Na+

Na+

Na+Na+

Cl–
Cl–

Na+

Cl–

H2PO4
– H2PO4

–

H2PO4
2–

HPO4
2–

PO4
3–

H3PO4

Na+
Cl–

Cl–

Cl–

Addition of strong ions                         Addition of weak ions

Fig. 39.2
Representation of strong ions and weak ions in an aqueous
solution.The addition of NaCl to an aqueous solution results
in the complete dissociation into the strong ions Na+ and Cl–.
In contrast, the addition of sodium phosphate results in the
complete dissociation of all of the sodium into Na+, but the
phosphate is capable of reacting with H+ in solution to form
the following weak ions: H3PO4, H2PO4

–, HPO2–
4 and PO4

3–.



the solution. Thus the HPO4
2– is also partially and instanta-

neously transformed into H3PO4, H2PO4
– and PO4

3– (see
Fig. 39.2). This physical attribute of phosphate is what makes
phosphates, and many other weak acid anions such as bi-
carbonate and albumin, good proton ‘buffers’. The predomi-
nant weak acid anion in plasma and extracellular fluid (ECF)
is albumin, while the predominant weak acid anions within
skeletal muscle cells are the histidine residues on proteins.

The main weak acids and bases within the extracellular
fluid compartment are albumin, globulin, phosphate, and bi-
carbonate. Bicarbonate, however, is part of the CO2 system
and thus is not used in the calculation, or estimation, of
[Atot]. As with the strong ions, the weak ions also directly
affect the concentrations of H+ and HCO3

– in solution. Within
skeletal muscle it is primarily the histidine moieties on pro-
teins that contribute to [Atot], with creatine, Pi, ATP and
other molecules also contributing.6 While it is theoretically
possible to measure the concentration of weak acids and
bases in both extracellular and intracellular fluid compart-
ments, this tends to be prohibitive and appears not to be
necessary to be able to effectively estimate acid–base state.

Rather, an effective [Atot] and apparent dissociation constant
K´a have been determined in equine plasma and rat skeletal
muscle (Table 39.2). A value for [Atot] has not been deter-
mined in equine or human skeletal muscle. Muscle [Atot] is
equivalent to the non-bicarbonate proton-buffering capacity
of adult rat plantaris muscle,7,8 and is similar to that of
human vastus lateralis.5 When rat plantaris values for [Atot]

877
39 Acid–base physiology during exercise and in response to training

Plasma Skeletal muscle

‘Normal’ Normal ‘Normal’ Normal
value range value range

Dependent variables
[H+] nanoEq/L 40 33–45 100 71–126
pH 7.40 7.35–7.48 7.0 6.90–7.15
[HCO3

–] mEq/L 28 22–34 10a 8–12a

Independent variables
pCO2 mmHg 40 35–45
[total CO2] mmol/L 30 23–36 10a 8–12a

Strong ions
[SID] mEq/L 40 37–43
[Na+] mEq/L 140 132–146
[K+] mEq/L 3.7 2.7–4.7
[Ca2+] mEq/L 2.5 2–3
[Mg2+] mEq/L 1.0 0.5–2.0
[Cl–] mEq/L 105 99–109
[lactate–] mEq/L 1.0 0.5–1.5 1.5 1.0–2.0
[PCr2–] mEq/L na na 15 12–18
[SO4

2–] mEq/L 0.5 0.3–0.7

Weak ions
[Atot] mEq/L 12 11–13
[plasma protein] g/dL 5.5 5.0–6.0
[albumin] g/dL na na
[globulins] g/dL na na
[HPO4

2–] + [H2PO4
–] mmol/L 2.7 2.0–3.5 8b 7–9b

carnosine mmol/L 6b –
Protein histidine concentration 46b –
mmol/L

a Sahlin et al174 – human muscle.
b Hultman & Sahlin5 – human muscle.

Table 39.1 Physiologically important acid–base variables, and their concentrations, in arterial plasma 
and skeletal muscle of horses at rest

Parameter Constant Reference

KA – plasma 2.11 or 2.12 × 10–7 Eq/L 9,43
KA – resting muscle 1.64 × 10–7 Eq/L 7,8
KA – exercised muscle 1.98 × 10–7 Eq/L 7,8
K3 6.0 × 10–11 Eq/L 23
KC 2.46 × 10–11 (Eq/L)2/mmHg 23
K′w 4.4 × 10–14 (Eq/L)2 23

Table 39.2 Values of the constants used within the acid–base
equations



and K´a were applied to human muscle, reasonable data were
generated.6 Equine muscle, compared to human muscle, has
a much greater non-bicarbonate proton-buffering capacity:
43 mEq/kg dry muscle–1.pH–1 in trained humans, versus 58
and 93 mEq/kg–1.pH–1 in untrained and trained equine skele-
tal muscle.44 Assuming proportionality with rat hindlimb
skeletal muscle (buffer capacity of ~40 mEq/kg.pH–1 = [Atot]
of ~140 mmol/L,6 this translates to an [Atot] of
~315 mmol/L in trained equine muscle.

The carbon dioxide system

The concentration of CO2 is the third independent variable of
acid–base balance. Carbon dioxide is effectively a strong acid,
and because it is a major end-product of cellular respiration
is often referred to as a respiratory acid. Also, the primary
means for eliminating excess CO2 from the body is through
the respiratory system.13,28

Carbon dioxide is a strong acid by virtue of its ability to
combine with water to increase the concentration of H+

while at the same time increasing the weak acid [HCO3
–]. This

reaction effectively acidifies the solution to which CO2 has
been added. The majority (about 95%) of the total CO2 within
the body is in the form of HCO3

–, with much smaller amounts
of H2CO3, CO3

2–, dissolved CO2 (CO2(d)), and some that is
bound to amino groups on protein to form carbamino com-
pounds. The chemical reactions involved in the hydration and
dehydration of CO2 are:

CO2 + H2O H2CO3 H+ + HCO3
– 2H+ + CO3

2–

Solving equations to determine acid–base
balance

With this background, the following five mass action equa-
tions and one equation expressing electrical neutrality of
solutions describe the physicochemical characteristics of any
aqueous, physiological solution:23,24

Water dissociation:

K′w = [H+] · [–OH]

Weak electrolyte system:

KA · [HA] = [H+] · [A–]
[Atot] = [HA] + [A–]

Carbon dioxide system:

Kc · PCO2 = [H+] · [HCO3
–]

K3 · [HCO3
–] = [H+] · [CO3

2–]

Electrical neutrality:

[SID] + [H+] – [HCO3
–] – [A–] – [CO3

2–] – [–OH] = O

It is noteworthy that [H+] appears in each of these equations
and its dependence on the concentrations of strong and weak
acids/base and CO2 is evident. These six equations can be
combined into a single equation that may then be solved for
[H+] when the three independent variables and the constants
are known:23,24

[H+]4 [ {KA= [SID]} [H+]3 = {KA ([SID] – [Atot]) – (KC
PCO2 + K′w)} [H+]2 – {KA (KC PCO2 + K′w) + K3 KC PCO2}
[H+] – KA K3 KC PCO2 = 0

Contracting skeletal muscle:
proton-generating and
removing reactions

When considering the acid–base changes that occur in blood
during exercise, it is important to have an understanding of
the changes that occur within skeletal muscle because that
tissue forms 40–60% of the mass of the horse.45 Contracting
skeletal muscle generates the disturbance11,41 and non-
contracting cells are capable of ameliorating the distur-
bance.42,46 The role of non-contracting muscle may be small
to negligible in horses performing moderate- to high-
intensity exercise because most skeletal muscles are used for
locomotion and maintenance of posture. That is in contrast
to bipedal humans, where many activities require leg muscles
and leave many other muscles relatively inactive. This section
will thus focus on the time course and magnitude of changes
that occur within contracting skeletal muscle, primarily
gluteus medius, during moderate- to high-intensity exercise.

Exercise is a consequence of muscular contraction, and
muscular contraction results in an increase in cellular energy
demand compared to the resting state. The increased energy
demand is due to activation of myosin ATPase needed for
release of actin–myosin cross-bridge interaction, increased
activity of SR Ca2+-ATPase activity resulting from increased
cytosolic [Ca2+] and increased rates of Na,K-ATPase activity
needed to maintain transmembrane Na+ and K+ gradients
and repolarization of the muscle membrane potential.

The acid–base changes that occur within contracting
skeletal muscle and in blood during exercise are the results of
the biochemical (metabolic) and physicochemical reactions
that occur within contracting muscle cells. The onset of mus-
cular contraction sets into motion a series of biochemical
events that result in stimulation and inhibition of numerous
metabolic pathways. Those pathways within the aerobic
energy systems are relatively slow to increase, whereas those
of the anaerobic pathways (ATP utilization, phosphocreatine
degradation, glycolysis) increase rapidly.47 Thus the onset of
exercise (rest to work transition) may be associated with
muscular acidification for reasons described below. Similarly,
transitions from low to high work rates, as well as exercise at
moderate to high intensities, result in increased rates of
anaerobic metabolism. Full activation of aerobic pathways
may be achieved within minutes of the onset of exercise, but
until this is achieved anaerobic pathways continue to supply
ATP. Activation of aerobic metabolism results in increased
mitochondrial respiration with CO2 production – while this
CO2 is acidic, its rate of production and removal from the cell
can easily be matched by CO2 elimination rates at the
lung.13,28 Therefore aerobic CO2 production can be ignored in
most discussions of the acid–base changes of exercise.
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Muscle characteristics and acid–base

Skeletal muscle is composed of different fiber types, some of
which produce acid equivalents at high rates (the anaerobic,
fast twitch, glycolytic fibers) and others that do not (the
aerobic, slow twitch, oxidative fibers). Fiber types continue to
be classified on the basis of their twitch characteristics, oxida-
tive/glycolytic capacities and on their myosin heavy chain
composition48 (and see Chapter 5). The acid–base changes
that occur reflect the fiber type composition of the contract-
ing muscles, and thus reflect breed differences and type of
activity performed.

Within individual muscle groups, such as the well-studied
gluteus medius of equids, skeletal muscle fibers of different
composition are in close proximity and form integrated func-
tional units that are selectively recruited by appropriate
motor units depending on the locomotory requirements of
the animal. Muscle fibers with high oxidative capacity that
have low glycoytic capacity, slow contractile properties with
low myosin ATPase activity, are fatigue resistant and prima-
rily function in the maintenance of posture (Table 39.3).
These slow-twitch oxidative fibers have the ability to oxidize
all the pyruvate generated from glycolysis and, during exer-
cise, they have the ability to take up and oxidize lactate
released into the interstitium from nearby glycolytic muscle
fibers – the intramuscular lactate shuttle.49 At the other
extreme, fibers of high glycolytic capacity with low oxidative
capacity have fast contractile properties with high myosin
ATPase activity. These fibers function to generate power at
high rates for high intensity sprinting, jumping, and pulling
activities. The majority of the acid–base disturbance that
occurs during high-intensity exercise is generated within the
fast-twitch glycolytic (type IIB or type IID/X) that are
endowed with a high glycogen content, high activities of
glycogen phosphorylase and lactate dehydrogenase, and a
high content of carnosine to buffer metabolically generated
H+. These fibers also fatigue rapidly due to the loss of mem-
brane excitability, as well as their high rate of intracellular

acidification8 that effectively downregulate muscle fiber
function at multiple membrane and intracellular sites.4

It is noteworthy that Quarter Horses and Thoroughbreds,
the two fastest horse breeds, have the lowest proportion of
slow oxidative (type I) fibers and high proportions of both
fast-twitch oxidative glycolytic (type IIA) and fast-twitch
glycolytic (type IIB, also known as type IIX) fibers. These fast-
twitch fibers are also known to have high activities for glyco-
gen phosphorylase,50 catalyzing the initial reaction in
glycogenolysis, and lactate dehydrogenase51,52 for converting
pyruvate to lactate. Indeed, in racing Thoroughbreds and
Standardbreds there is a high degree of correlation between
type IIB fiber proportion and lactate accumulation:51 fiber-
type-specific lactate content 6 min after the end of
1200–2700 m races was greater in gluteus medius type IIB
fibers (97.3 ± 2.1) than in type I (82.6 ± 3.8 �mol/kg dry
muscle; n = 8), with type IIA fibers intermediate (93.6 ± 2.1).
This is consistent with observations that type IIB fiber pro-
portion is positively correlated with elevated plasma [lactate–]
during submaximal and maximal exercise in Standardbred
trotters.52–54 Of interest and importance to muscle acid–base
regulation is the observation that in type I fibers [lactate–]
was only 15 mEq/kg dry muscle (equivalent to about
3 mEq/L) less than in type IIB fibers. This supports the idea
that lactate produced in type IIB fibers diffuses out of these
fibers into the interstitium where the lactate can be taken up
by oxidative fibers49,54,55 to be used as a fuel source both
during and following exercise.

The fast-twitch fibers are also endowed with an important
physicochemical feature that aids in the regulation of intra-
cellular acid–base balance: there is an increasing content of
the histidine dipeptide, carnosine, with increasing glycolytic
capacity. Carnosine has a pKa ~6.9 and, as such, is an
effective H+ buffer and contributes substantively to the non-
bicarbonate H+ buffer capacity of muscle, particularly in fast-
twitch glycolytic fibers.56 Indeed, if the contribution of
carnosine to non-bicarbonate buffering is removed, then
each of the different fiber types have similar non-bicarbonate
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Fiber type

SO – type I FOG – type IIA FG – type IIB

% of total fibersa,b 15 45 40
Total H+ buffer capacitya 88 98 130
Carnosine H+ buffer capacitya 18 58 60
Carnosine % of totala 20 29 45
Carnosine contenta 54 ± 15 85 ± 15 180 ± 15
Glycogen phosphorylase activityb 122 ± 20 71 ± 20 172 ± 20
Citrate synthase activityb 168 ± 15 167 ± 15 37 ± 15
Glycogen contentc + ++ ++

SO, slow oxidative; FOG, fast-twitch oxidative glycolytic; FG, fast-twitch glycolytic.
a,b Averaged data from Sewell et al57 (n = 20 2–3-year-old racing Thoroughbreds); Sewell et al50 (n = 50 2–3-year-old
racing Thoroughbreds).
a Data from Sewell et al57

b Data from Sewell et al50

c Data from Quiroz-Rothe and Rivero175

Table 39.3 Skeletal muscle fiber types in horses and relationship to acid–base balance



H+ buffering capacities; thus carnosine confers all of the fiber
type difference in non-bicarbonate H+ buffering capacity.50,57

Quarter Horses have a higher carnosine content (39.2 ±
1.8 mmol/kg wet muscle; n = 6) than Thoroughbreds (31.3 ±
2.9 mmol/kg wet muscle; n = 6) and Standardbreds
(27.6 mmol/kg wet muscle; n = 5).58 The high H+ buffering
capacity of glycolytic fibers is important given the high rates
of metabolic H+ production resulting from ATP hydrolysis,
glycogenolysis, and glycolysis (described above). Without the
ability to buffer this rapidly produced H+ during exercise, cel-
lular [H+] would rapidly increase to concentrations inhibitory
for actin–myosin cross-bridge cycling4,59 and for many meta-
bolic reactions.4,60,61 Buffering of H+ within the cells in which
it is produced also reduces the extent of extracellular
acidification that occurs. Cessation of activity and resynthe-
sis of ATP and glycogen results in a lowering of intracellular
[H+] and a decrease in the quantity of H+ buffered by histi-
dine groups within the cell.

Biochemical origins of H+ changes:
anaerobic metabolism and muscle
acidification/alkalinization

Muscular acidification occurs as a necessary consequence of
providing ATP at high rates, using anaerobic metabolic path-
ways.62,63 Rapid increases in anaerobic metabolism are needed
during rest-to-work transitions and during transitions from
work of lower intensity to higher intensity work, such as occurs
during cutting and jumping. The rate-limiting enzymes of
anaerobic metabolic pathways are rapidly activated compared
to the duration required for peak activation of key rate-limiting
enzymes of the aerobic metabolic pathways.

ATP hydrolysis by myosin ATPase, Ca2+-ATPase and the
Na,+K+-ATPase results in the net production of H+:62

ATP + H2O → ADP + Pi + 0.425H+

The anaerobic reactions of glycogenolysis and glycolysis are
also rapidly activated, resulting in the production of 3 ATP
for each lactate– produced; lactate– is produced because of an
accumulation of pyruvate at the end of the glycolytic
pathway, resulting in conversion of pyruvate to lactate by the
enzyme lactate dehydrogenase:

lactate 
glycogenolysis glycolysis dehydrogenase

Glycogen ⎯→ glucose-1-phosphate ⎯→ pyruvate ⎯→
lactate–

For each mole of lactate– produced from glycolysis, 0.36
moles of H+ are produced, while for each mole of lactate– pro-
duced from glucose-6-phosphate (arising from glucose trans-
port into the cell, with the production of 2 ATP), 0.575 moles
of H+ are produced.62

The ATP produced from these anaerobic reactions is
rapidly hydrolyzed, resulting in the production of 0.425 H+

for each ATP hydrolyzed (see above). This reaction, combined
with those that produce lactate–, results in a nearly 1:1 stoi-
chiometry for lactate–:H+.62

When ATP utilization rates are high, phosphocreatine
(PCr2–) is hydrolyzed, resulting in the consumption of H+:62

PCr2– + MgADP– + H+ → MgATP2– + H2O + creatine

The rates of hydrolysis of ATP and PCr2– are closely coupled
and occur simultaneously as long as there is PCr2– to
hydrolyze; in simplified form, the combined ATP hydrolysis
reaction and the PCr2– hydrolysis reaction is:62

1 PCr2– + 1 MgADP– + 0.85 H+ → 1 MgATP2– + creatine

Thus, for each mole of PCr2– hydrolyzed to regenerate a mole
of MgATP2–, 0.85 moles of H+ is generated.

Examination of this sequence of biochemical reactions
shows that the H+ produced by ATP hydrolysis is more than
counteracted by the H+ consumed by PCr2– hydrolysis, result-
ing in the well-known increase in intracellular [H+] at the
onset of exercise. Within the first few minutes of exercise
there occurs a decreased reliance on PCr2– hydrolysis to
regenerate ATP, as ATP is increasingly produced from
glycogenolysis/glycolysis as well as from aerobic sources.
When exercise is continued above the lactate threshold, the
combined reaction of ATP hydrolysis and lactate– production
produce nearly equivalent amounts of lactate– and H+ within
skeletal muscle.

Most of the H+ produced does not remain free in solution
but binds to negatively charged sites, primarily histidine
residues, on weak acids and bases such as intracellular pro-
teins and is thus buffered.5 Therefore, despite micromolar and
millimolar changes in the concentrations of intracellular
metabolites and strong ions, proton buffering by intracellular
proteins limits [H+] changes to the nanomolar range.

In addition to reacting with intracellular proteins, H+ also
readily reacts with HCO3

– (bicarbonate buffer system):

carbonic anhydrase
H+ + HCO3

– ⎯⎯⎯⎯⎯⎯⎯→ CO2 + H2O

When intracellular [H+] increases as a result of increased
anaerobic metabolism, this reversible reaction catalyzed by
carbonic anhydrases produces CO2 and water. The CO2 itself
is acidic and is removed from the cell by carbonic anhydrases
and possibly by diffusion. As may be appreciated, during
high-intensity exercise, when proton generation rates are
very high, the bicarbonate buffer system is very limited with
respect to its ability to remove H+ from solution.

Because increased intracellular [H+] contributes to skeletal
muscle fatigue, prevention or delayed onset of fatigue can
only occur if H+ is removed. Both the bicarbonate and non-
bicarbonate (protein) buffer systems are limited. However,
the cell can transport Na,+ a strong base cation, into the cell
(in exchange for H+) using the Na+–H+ exchanger, and pos-
sibly augment intracellular HCO3

– using a Cl––HCO3
–

exchanger.64 In addition to these mechanisms, the outward
transport of lactate– also contributes to an alkalinizing effect,
as detailed below.

In summary, H+ is produced from the hydrolysis of ATP
and from the production of lactate–. In contrast, the hydroly-
sis of PCr2– at the onset of muscle contraction consumes H+

to a greater extent than the H+ produced through ATP
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hydrolysis, resulting in intracellular alkalinization. With con-
tinuation of moderate- to high-intensity muscle contraction,
H+ and lactate– continue to be produced, resulting in intra-
cellular acidification. Much of the H+ is buffered by intra-
cellular proteins or reacts with HCO3

– to produce CO2 and
H2O. CO2 is removed from the cell by diffusion across the
plasma membrane and by carbonic anhydrases.

Physicochemical origins of [H+]
changes in skeletal muscle during
exercise

In addition to the biochemical reactions summarized above,
physicochemical changes within the intracellular compart-
ment of contraction muscle also contribute to the acid–base
changes of exercise. There is involvement of each of the three
independent physicochemical variables, although the
changes in the concentrations of strong ions predominates,
as will be exemplified below. The physicochemical descrip-
tions complement the biochemical descriptions provided
above.

Muscle [SID] during exercise

The time course and magnitude of changes in muscle [SID],
and of the factors contributing to it, have not been well
studied in horses. This is due in large part to the fact that
muscle biopsies cannot truly be taken during exercise – the
exercise must be stopped and the horse restrained to safely
obtain a useful piece of muscle. Also, most studies have taken
postexercise muscle biopsies between 2 and 20 min after ces-
sation of exercise, during which time there are substantial
changes in organic and inorganic strong ions. Accordingly,
studies that measured muscle [K+] showed no change65 or a
small increase66 after brief periods of high-intensity exercise
and this may be attributed to rapid recovery processes. The
limited equine data will be used with what is known from
human experiments to profile the changes occurring within
muscle during exercise and recovery. The focus will be on
high-intensity exercise because the changes are more pro-
nounced and hence somewhat easier to follow. Changes with
moderate-intensity exercise are attenuated compared to
those occurring with high-intensity exercise.54,67,68 Muscle
acid–base responses to low intensity exercise have not been
specifically studied and, indeed, changes in metabolites that
affect acid–base state are minimal.69,70 With prolonged
endurance exercise it is expected that the major players
would be [SID] changes resulting from net K+ loss, with Na+

and Cl– gain, water loss or gain71 and changes in [Atot] pri-
marily resulting from changes in intracellular water content.

The main variables changing within muscle during exer-
cise that affect [SID] are [PCr2–], [lactate–], [K+]6 and water
content.72 The osmotic shift of water from plasma and non-
contracting tissues into contracting muscle at the onset of
exercise is very large and rapid and can be attributed to the
accumulation of osmolytes such as creatine, inorganic phos-
phate, lactate–.73 This fluid shift produces a large decrease in

plasma volume (see below) and the 10% increase in intracel-
lular volume at the end of 2 min of high-intensity exercise in
horses72 effectively dilutes intracellular metabolites and elec-
trolytes and reduces [Atot]. It is the actual concentrations of
these variables that determine the acid–base state of the cell
at any given point in time.

When working from metabolite or electrolyte data
expressed in mmol/kg dry muscle or mmol/kg wet muscle it is
necessary to convert to units of mmol/L or mEq/L of intra-
cellular water. The water content of resting, non-exercised
skeletal muscle is 0.75 L/kg wet muscle74 and increases by
about 10% with high-intensity exercise;72 resting muscle
thus has a wet:dry weight ratio of ~4, which increases to
~4.5 with high-intensity exercise. Therefore, a resting PCr2–

content of 85 mmol/kg dry muscle equates to 21 mmol/kg
wet muscle (85/4) and 28 mmol/L (21/0.75) or 56 mEq/L.
The doubling from 28 mmol/L to 56 mEq/L recognizes the
divalent negative charge on PCr2–.

With the onset of exercise, the initial few seconds of con-
traction results in the rapid hydrolysis of PCr2– to regenerate
ATP being used by myosin-, Ca- and Na,K-ATPases. The
hydrolysis of PCr2– effectively removes a strong acid anion
from solution, which increases intracellular [SID] and has an
alkalinizing effect (Fig. 39.3). The alkalizing effect resulting
from PCr2– hydrolysis is short lived. With high-intensity exer-
cise, the high rates of H+ and lactate– (a strong acid anion
that decreases [SID]) production rapidly acidify the intracel-
lular environment. Concurrent increases in [lactate–]41,61,67

and decreases in [K+]75 effectively decrease [SID], which
accounts for the majority of intracellular acidification during
high intensity exercise.8 As may be expected, the accumula-
tion of muscle lactate– contributes substantially to the exer-
cise-induced acidosis because lactate– is a strong acid anion
that increases [H+]. Intracellular lactate– concentrations
greater than 60 mEq/L (234 mmol/kg dry weight) have been
reported in the gluteus medius of trained Standardbreds after
trotting 1600 m at a high speed of 11 m/s.76 With lower
intensity exercise, PCr2– is resynthesized during the subse-
quent period of steady-state exercise, thus contributing to
decreases in [SID] and increased intracellular acidification.

The physicochemical factors contributing to intracellular
acidification will now be examined in more detail.
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Fig. 39.3 Factors that affect muscle [SID], and the impact on
muscle [H+], during exercise.



Thoroughbreds exercising at high intensity hydrolyzed 32%
of PCr2– in 40 s (600 m sprint),61 and 42% after 5 min at
100% of peak VO2.68 In these studies, muscle biopsies were
obtained within 60 s of stopping exercise and thus the
amount of postexercise PCr2– resynthesis was low at the time
of muscle sampling. In resting equine muscle, [PCr2–] of
21 mmol/kg wet muscle61,67,74 equates to 56 mEq/L
(21 mmol/kg wet muscle/0.75 L/kg intracellular water).74

Thus, after 40 s of sprinting, muscle [PCr2–] was reduced by
18 mEq/L, which effectively raises [SID] by 18 mEq/L; by
virtue of this increase in [SID] it is evident that PCr2– hydroly-
sis has an alkalinizing effect. This effect, however, is com-
pletely offset by the accumulation of lactate–, with muscle
[lactate–] reaching 45 mEq/L.61 Very similar results for PCr2–

degradation were reported by Lindholm and Saltin67 in five
racing Standardbreds completing 2100 m in 178 s; however,
these trained race horses experienced considerably less
muscle lactate– accumulation (~ 20 mEq/L), a likely training
adaptation.

Combining the effects of changes in [PCr2–] and [lactate–]
decreases [SID], which has a net acidifying effect. This effect
alone, however, only accounts for about 50% of the observed
decrease in muscle intracellular pH from 7.01 to 6.86;61 this
is equivalent to an increase in [H+] from 98 to 138 mEq/L.
The other contributor to the decrease in [SID] is the rapid and
pronounced decrease in [K+] during high-intensity exer-
cise.71,75 In the gluteus medius of Standardbreds at rest,
intracellular [K+] is 122 + 7 mEq/L (92 + 5 mEq/kg wet
weight, with a water content of 75%).74 There are no reports
of equine muscle [K+] during exercise65,66 and, on the basis of
the large increases in plasma [K+] seen during exercise in
horses,77 it is expected that horses experience similar rates
and magnitudes of muscle K+ loss as do humans. In humans,
30 s of high-intensity exercise decreased muscle [K+] by

20 mEq/L and, with increases in muscle [Na+] and [Cl–] bal-
ancing each other, the decrease in [SID] is thus approximately
20 + 11 = 31 mEq/L. Based on titrimetric studies conducted
on rat fast-twitch skeletal muscle, the 31 mEq/L decrease in
[SID] is sufficient to account for about 75% of the increase in
[H+].6 In summary, using this example of muscle after 40 s of
high-intensity exercise, the decrease in [SID] can account
fully for the increase in [H+]. Coincidently, the decrease in
[SID] approximates the increase in [lactate–], and the
decrease in [PCr2–] was similar to the decrease in [K+].
Further study is needed to determine if this relationship holds
during high-intensity exercise. If it does, it means that
decreases in [SID] during high-intensity exercise may be esti-
mated from the increase in [lactate–] alone. Changes in
muscle [SID] account for the majority of the change in
muscle [H+] (Fig. 39.4).

Muscle [Atot] during exercise

Exercise affects the intracellular protein portion of [Atot]
(which has units of concentration) primarily through
changes in cell volume or intracellular water content.72 These
volume changes are pronounced during the first several
minutes of exercise73 and also much later during prolonged
exercise resulting in intracellular dehydration. The impact of
cell volume changes on skeletal muscle [Atot] and acid–base
state has not been studied, although it appears that the total
capacity to buffer protons may not be appreciably affected
because the content of carnosine remains constant.78

With high-intensity exercise, a number of the minor vari-
ables contribute to changes in [Atot], including an increase in
[creatine] resulting from PCr2– hydrolysis, a decrease in [ATP]
and an increase in [Pi]. The increases in [creatine] results
from PCr2– hydrolysis, while increases in Pi are due to ATP
hydrolysis, increases in glycolytic phosphates, and decreases
in ATP.46 Taken together, the increases in [creatine] and [Pi]
account for all of the increase in [Atot] during high-intensity
contractions in rat skeletal muscle.46 The production of H+

with increase in [H+] does not affect [Atot] but does decrease
[A–] and increase [HA], as H+ is buffered by this non-
bicarbonate buffer system. Because the concentrations of the
constituents comprising [Atot] changes during exercise, the
KA also changes. The increases in [Atot] and KA accounted for
19% and 7%, respectively, of the increase in [H+] during
5 min of high-intensity exercise in rat muscle;6 these have yet
to be determined in equine muscle.

Muscle CO2 during exercise

During high-intensity exercise CO2 is produced primarily as a
result of H+ buffering by HCO3

–, with a minor although
increasing amount from tricarboxylic acid (TCA) cycle activ-
ity. Within the TCA cycle, the dehydrogenation of oxalosucci-
nate to �-ketoglutarate and of �-ketoglutarate to succinyl
CoA produces one molecule of CO2 for each carbon entering
the cycle.

Muscle [H+] responds in near linear manner to increases
in intracellular PCO2, with a 90 mmHg increase in PCO2 (40 to
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[SID]: 207 nEq/L
PCO2: 40 nEq/L

KA: 24 nEq/L

[Atot]: 63 nEq/L

Fig. 39.4
Effects of changes in independent physicochemical variables on
muscle [H+] after high-intensity exercise.The example
provided is a brief period of very high-intensity exercise
resulting in a decrease in muscle pH from 7.00 to 6.48, equal
to an increase in [H+] from 100 to 334 nEq/L. Data from
Lindinger.6



130 mmHg) increasing [H+] from 100 to 140 nEq/L.6

Therefore, increases in CO2 contribute relatively little to
contraction-induced changes in intracellular [H+], compared
to the relatively large effect of CO2 on plasma [H+] (see
Fig. 39.4). The contribution of CO2 to intracellular acid–base
state during exercise can only be estimated using venous
plasma PCO2 in blood draining intensely contracting muscles;
this estimate assumes that intracellular muscle PCO2 is similar
to muscle venous PCO2.79 This is reasonable given that CO2 is
highly diffusible and that there is substantial carbonic anhy-
drase within the interstitium, cells and on the sarcolemma to
catalyze the conversion of HCO3

– to CO2. It is likely that the
majority of the increase in PCO2 results from the reaction of
metabolically and physicochemically produced H+ with
HCO3

– to produce CO2 and water.

Draught exercise

While the responses described above are typical of racing
horses, very similar responses appear to occur in horses
pulling heavy loads. As occurs with racing, increasing exer-
cise intensity results in increasing recruitment of fast motor
units and fast glycolytic fiber types. Standardbreds perform-
ing incremental draught-loading exercise while trotting
slowly (4.8 m/s) showed a similar muscle metabolic profile80

to that seen during racing.61 Indeed, after 10–12 min of
incremental draught loading, muscle [PCr2–] decreased by
15 mEq/L and [lactate–] increased by 20 mEq/L, with one
horse achieving a muscle [lactate–] of 57 mEq/L.80 This study
is noteworthy in that the muscle biopsies were obtained 10 s
after cessation of the exercise.

Changes in plasma during
exercise and recovery

As noted previously, the acid–base disturbance within the
plasma during exercise is generated within contracting skele-
tal muscle. It must therefore be appreciated that the venous
plasma draining contracting muscles display the greatest and
most rapid changes in metabolite, electrolyte, and gas con-
centrations compared to mixed venous or arterial plasma.
The changes in mixed venous plasma will be greater than
those in arterial plasma, and those in arterial plasma will be
greater than those seen in venous plasma draining non-
contracting tissues (i.e. jugular vein).81–83

These differences in blood sampling site are important
considerations when evaluating the acid–base and electrolyte
profile of exercised horses. In laboratory conditions,
acid–base determinations are best performed on arterial and
on venous plasma draining contracting skeletal muscle.
While blood samples have been collected from the iliac vein in
resting horses,84 the technique does not yet appear to have
been applied to exercising horses. The only real difference in
acid–base composition between mixed venous and arterial
plasma is due to CO2 loss at the lung but this, together with

associated measures of PO2, provides valuable information on
the respiratory system during exercise and recovery.13 When
an acid–base assessment is performed on jugular venous
plasma (as it often must be due to ethical or field considera-
tions) then it must be kept in mind that a less severe and
somewhat erroneous picture of whole body acid–base status
will be the result.

As with muscle, it must also be appreciated that the rapid
loss of water and some electrolytes from the plasma compart-
ment with the onset of exercise is among the factors that pro-
duces changes in measured concentrations of electrolytes,
metabolites protein and red cells (hematocrit or packed cell
volume; PCV).85,86 Indeed, about 50% of the increase in
plasma [K+], all of the increase in [plasma protein] and 50%
of the increase in PCV is due to loss of water from the plasma
compartment.85,86 The remainder of the increase in plasma
[K+] is due to net loss of K+ from contracting skeletal muscle
and the remaining increase in PCV is due to splenic contrac-
tion resulting in discharge of red cells into the circulation.

Assessment of acid–base status in the blood is performed
on constituents measured within the plasma compartment.
Therefore concentrations of metabolites measured on
samples of lysed whole blood cannot be used because the con-
centrations of these substances within red cells differs from
that measured in plasma. The differences between plasma
and red cell intracellular concentrations diminish within the
syringe after blood sampling.87 It is therefore important to
separate red cells from plasma immediately after sampling the
blood from exercising horses so that the plasma sample is as
close to a true reflection of what was in the plasma of the
horse at the exact time of blood sampling. As noted above, the
PCO2 at different blood sampling sites varies considerably and
is an important consideration when determining whole-
animal acid–base status, and some of this can be due to
marked temperature differences. Determination of the actual
pH, PCO2 and PO2 (as opposed to that measured by an instru-
ment at 37°C), and hence [HCO3

–], requires a non-linear cor-
rection of the blood gas and pH values to the temperature
within each blood sampling site.82,88 Increases in tempera-
ture results in increases in PCO2, PO2 and [H+] (decreased pH).

As in contracting muscle, the main changes that affect
plasma [SID] during moderate- to high-intensity exercise are
increases in [K+], [lactate–]77 and [Na+] but not [Cl–]81,82 due
to the greater rate of loss of water (than of Na+) from plasma
into contracting muscle. Examples of these types of exercise
include incremental exercise to fatigue, maximal intensity
sprints, and constant rate submaximal exercise tests.

The arterial PCO2 responses to exercise are highly depend-
ent on running velocity and, during incremental exercise
tests, on the duration of time spent at each running velocity.
Arterial PCO2 remains unchanged during low to mild inten-
sity exercise. During incremental exercise to fatigue, arterial
PCO2 decreased slightly but mixed venous PCO2 increased
markedly from 50 mmHg at rest to 80–95 mmHg at the
highest work load, corresponding to 100%V̇O2peak.81 In
Fenger et al’s study81 running velocity was increased in small
increments (0.5 to 1 m/s) and each velocity sustained for
90 s to achieve near steady-state of cardiovascular and
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respiratory responses.89 When velocity was consistently
increased at 0.5 m/s increments with 4 min at each speed,
increasing exercise duration was associated with a marked
and progressive hypocapnia82 indicative of increasing alveo-
lar ventilation.90 In contrast, when velocity is increased in
large (2 m/s) increments with only 1 min at each speed91,92

or when single high-intensity (running at > 10 m/s) exercise
bouts are performed the increase in PCO2 is similar to that
achieved during high-intensity sprint exercise.91,93 In horses
sprinting at 115% of peak V̇O2, arterial PCO2 increased from
42 mmHg at the walk to 48 and 59 mmHg at 45 and 75 s of
the sprint, comparable to the 58 mmHg PCO2 seen with rapid,
non-steady-state incremental exercise test.91 From these and
other similar results it can be concluded that sprinting or
rapid increases in exercise intensity result in elevations in
arterial PCO2, indicating that the respiratory system cannot
keep the pace of metabolic and physicochemical CO2 produc-
tion. However, if sufficient time (90 s) is allowed at each
running velocity, the rate of CO2 elimination by the respira-
tory system meets or exceeds the rate of CO2 production.

Incremental steady-state exercise

With this overview, let us now conduct an acid–base evalu-
ation during the incremental ‘steady-state’ exercise test of
Fenger et al.81 The reason for choosing this type of a test is
because it is a very good design for the controlled, clinical
assessment of respiratory and metabolic systems during and
following exercise. Although the [Atot] data are incomplete,
this particular study provides a reasonably good assessment
of acid–base state using arterial plasma.

In arterial plasma, the dependent variable [H+] increased
by 21 nEq/L at maximal exercise, and [HCO3

–] decreased
from 32.8 to 16.2 mEq/L. The independent variable [SID]
remained unchanged (36.8 at rest and 35.5 mEq/L at
maximal exercise) and thus had no effect on the changes in
[H+] or [HCO3

–]. Arterial PCO2 decreased from 44 at rest to
35.5 mmHg at maximal exercise; this reduction appeared to
be due to an increase in alveolar ventilation during the pro-
gressive exercise test and effectively reduced the mixed
venous PCO2 of 83 mmHg to below resting values. By solving
for [H+] with this decrease in PCO2, but holding [SID] and

[Atot] constant at resting values, the decrease in PCO2 alone
(independent of any other changes) contributed to a
7.7 nEq/L decrease in [H+], indicative of considerable
sensitivity of [H+] to changes in PCO2. Because this decrease
in PCO2 caused a decrease in [H+], it means that increases in
either or both of [Atot] and [SID] had to contribute to the
increased [H+] (acidosis). The numerical (although not statis-
tically significant) 1.3 mEq/L decrease in [SID] accounts for
only 5.3 nEq/L of the 21 nEq/L increase in [H+]. Therefore,
the increase in [Atot] accounts for the difference between
measured change in [H+] and the decrease in [H+] due to
decreased PCO2, as well as the difference between change in
measured [H+] and the increase in [H+] due to the increase in
[Atot] (Table 39.4). It may appear unusual that [SID] was
unchanged at maximal exercise, compared to rest, so we will
examine this in more detail. As expected, the main contribu-
tor to a decrease in [SID] during exercise is an increase in
[lactate–], and indeed lactate increased to 17 mEq/L at
maximal exercise; the 16 mEq/L increase in [lactate–] thus
contributed to a 16 mEq/L decrease in [SID]. This effect of
increased [lactate–] (from 1 to 17 mEq/L), however, was offset
by a simultaneous 11 mEq/L increase in [Na+] and a 3 mEq/L
increase in [K+], with no change in [Cl–].

The important points about arterial acid–base balance
during this type of exercise is that the increases in plasma
total weak acids (primarily albumin) and inorganic phos-
phate are the primary contributors to the acidosis. While the
16 mEq/L increase in the strong acid anion [lactate–] did
have a pronounced acidifying effect (the increase in [lactate–]
alone effectively increased [H+] by ~55 nEq/L) this effect is
offset by the increases in plasma strong base cations [Na+]
and [K+]. The increase in [Na+] results from the net move-
ment of a low [Na+] plasma filtrate into skeletal muscle while
the increase in [K+] arises from net K+ loss by contracting
skeletal muscle.73,75 Finally, within mixed venous plasma the
increases in [Atot] and PCO2 both contribute substantially to
the acidosis, and this PCO2 effect is abolished upon transit of
the blood through the lungs.

High intensity sprint exercise

The second example to be illustrated is using high-intensity
sprint exercise. We will specifically examine the second and
ninth sprints of a series of nine sprints performed by trained
Arabian horses, as described by Kronfeld and colleagues
(1999).93 Each sprint lasted for 60 s, with a 4-min active
recovery between sprints. After a warm-up, the first sprint
was performed at 7 m/s (6% incline) and the remaining eight
sprints at 10 m/s. Another noteworthy feature of this study
is that jugular venous plasma was used, and this raises some
points of interest that will be addressed as we work through
the data.

At the end of sprint 2, as in Fenger’s et al’s study,81 there
was only a small, 1 mEq/L decrease in [SID] that theoretic-
ally contributed 1 nEq/L to the 5 nEq/L increase in [H+]
(Tables 39.5 and 39.6). In these tables, this is reported as
–0.6 nEq/L because this more accurately represents the
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Variable Resting Maximal Change Contribution
exercise from to change in

rest [H+] (mEq/L)

[H+] mEq/L (pH) 33 (7.47) 54 (7.26) +21 –
[HCO3

–] mEq/L 32.8 16.2 –16.6 –
[SID] mEq/L 36.8 35.5 –1.3 +5.3
PCO2 mmHg 44.0 35.5 8.5 –7.7
[Atot] mmol/L Not given Not given +23.4*

* calculated as [H+] change from rest (21) – ([SID] and PCO2 effects)

Table 39.4 Contributions to increases in arterial plasma
dependent variables [H+] and [HCO3

–] by each of the
independent variables [SID], PCO2 and [Atot] during incremental
‘steady-state’ exercise in horses, using data from80



mean of the individual calculations for eight horses. The
point is that changes in [SID] are small and do not play a
major role in acid–base balance during this type of exercise.
Although a 4.3 mEq/L increase in plasma [lactate–] con-
tributed to an acidifying effect, this was offset by increases in
plasma [Na+] (1.7 mEq/L) and [K+] (1.4 mEq/L). As the
number of sequential sprints increased, plasma [lactate–]
continued to increase to 9.5 mEq/L at the end of sprint 9; this
now offset the increases in [Na+] and [K+], resulting in a
3.6 mEq/L decrease in [SID] that could alone account for all
of the increase (3.8 nEq/L) increase in [H+].

PCO2 peaked at the end of the second sprint and then
decreased progressively to below resting by the end of sprint
6. This indicates both a lowering of glycolytic metabolism and
resultant decrease in metabolic H+ production60,68 that
reduces the generation of PCO2 (from H+ combining with
HCO3

–) and an improvement in alveolar ventilation as the
exercise progresses. Nonetheless, the decrease in PCO2 to
below resting values contributed to alkalinizing effect equiv-
alent to reducing [H+] by 2.4 nEq/L. A further small increase
in [Atot] also contributed to an acidifying affect that offset
most of the alkalinizing effect of lowered PCO2.

In summary, comparing the results of sprints 2 and 9, we
see a marked difference in the origins of the acid–base distur-
bance. The primary acidifying influence at the end of sprint 2
was the increase in PCO2, whereas at the end of sprint 9 PCO2
had decreased and contributed to an alkalinizing effect. This
is an important regulatory aspect, for this later alkalinizing

effect of lowered PCO2 markedly reduced the acidifying effects
of decreased [SID] (which account for two-thirds of the
acidification) and increased [Atot] (one-third of the acidifi-
cation at the end of sprint 9). In sprint 2, there was negligible
effect of [SID] as [lactate–] continued to increase in plasma
with repeated sprints and a progressively decreasing [SID]
played an increasing role in systemic acidification. In classi-
cal acid–base physiology, one can refer to this acidosis at the
end of sprint 2 as a primary respiratory acidosis that pro-
gresses to a primary metabolic acidosis with respiratory com-
pensation by the end of sprint 9.

It should be noted that repeated sprints result in a sequen-
tial lowering of PaCO2 with each successive sprint93 and that
this is attributed to a significant increase in alveolar ventila-
tion and not to increased breathing frequency, which is
tightly coupled to stride frequency.90 After 5 sprints, an
increasing arterial hypocapnia was observed with each suc-
cessive sprint.93 In a similar vein, when a low-intensity exer-
cise warm-up precedes a bout of high-intensity exercise,
there is an increase in V̇CO2 during the first minute of exercise
compared to when no warm-up preceded the high intensity
exercise.94,95 Rather than evoking an increase in alveolar
ventilation to explain this result, however, these authors sug-
gested that the warm-up resulted in increased tissue CO2
storage, which then reduced the amount of CO2 during the
subsequent bout of high-intensity exercise – this does not
preclude an increase in alveolar ventilation after a warm-up.
Furthermore, since the increase in V̇CO2 occurred within
seconds of starting the high-intensity exercise,94 it is unlikely
that the rapidity of the augmented V̇CO2 response could be
explained by a reduced ability to store CO2. It can be con-
cluded that the augmented V̇CO2 during high-intensity exer-
cise after warm-up is primarily due to increased alveolar
ventilation, similar to that seen with high intensity steady-
state exercise. In further support, during heavy exercise
(4.5 m/s at a 10% grade = 60% of peak V̇O2) of 30 min dura-
tion, a progressive decrease in PaCO2 was primarily due to a
progressive increase in alveolar ventilation secondary to
increases in both respiratory frequency and tidal volume.96

Steady-state submaximal exercise

The final example exemplifies the changes and contributions
seen during steady-state, submaximal exercise in well trained
horses. A time point of 15 min into exercise was selected
because this is well past the rapid changes that occur with the
onset of exercise and was at least 10 min prior to the onset of
fatigue for this intensity with this group of horses (Lindinger MI
et al, unpublished data). One of the most noteworthy features of
submaximal steady-state exercise in trained horses is the
alkalosis that occurs during the steady-state period (Table
39.7). Plasma pH rose in both arterial (carotid artery) and
mixed venous (pulmonary artery). In arterial plasma, the alka-
losis was completely due to the decrease in PaCO2, since there
was negligible change in [SID] (2 mEq/L increase in [lactate–]
balanced by 1 mEq/L decrease in [Cl–] and 1.3 mEq/L increase
in [K+]) and a 1.3 mEq/L increase in [Atot] had an acidifying
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Variable Resting Second Change Contribution
sprint from to change 

rest in
[H+] (nEq/L)

[H+] nEq/L 38.7 43.7 5.0 –
[SID] mEq/L 48.6 47.6 –1.0 –0.6
PCO2 mmHg 51.6 57.5 +5.9 4.1
[Atot] mmol/L 18.5 19.5 +1.0 1.5

Table 39.5 Contributions to increases in jugular venous plasma
dependent variables [H+] and [HCO3

–] by the independent
variables [SID], PCO2 and [Atot] at the end of the second sprint,
using data from Kronfeld et al93

Variable Resting Ninth Change Contribution
sprint from rest to change 

in
[H+] (nEq/L)

[H+] nEq/L 38.7 42.1 +3.8 –
[SID] mEq/L 48.6 45 –3.6 +4.4
PCO2 mmHg 51.6 48.2 –3.4 –2.4
[Atot] mmol/L 18.5 20 +1.5 +2.0

Table 39.6 Contributions to increases in jugular venous plasma
dependent variables [H+] and [HCO3

–] by the independent
variables [SID], PCO2, and [Atot] at the end of the ninth sprint,
using data from Kronfeld et al93



effect. The decrease in arterial plasma [HCO3
–] is a hallmark of

‘metabolic acidosis’ in the clinical acid–base sense and, indeed,
that is what one would expect to see with exercise. Importantly,
however, this decrease is primarily due to the increase in 
total weak acid concentration (primarily plasma proteins) and
secondarily to the decrease in PaCO2 (despite the marked
14.4 mmHg decrease). It must be emphasized that such 
modest increases in [K+] and [lactate–], with the alveolar 
hyperventilation, are features of well-trained horses.

In mixed venous plasma, there was a small decrease in
PmvCO2, indicating that the influence of alveolar hypoventila-
tion persisted within the peripheral circulation and that the
rates of metabolic H+ production were low; metabolism was pri-
marily aerobic, as evidenced by the low plasma [lactate–] of
3.25 mEq/L. The sole contributor to an acidifying effect was the
increase in plasma [proteins] ([PP]), resulting from the fluid shift
into contracting muscle. The 4 mEq/L increase in [SID] thus
accounted for all of the alkalinizing effect. Plasma [SID]
increased due to a 2 mEq/L increase in [Na+], a 1.4 mEq/L
increase in [K+] and a 2 mEq/L decrease in [Cl–] that offset the
1.9 mEq/L rise in [lactate–]. Mixed venous plasma [HCO3

–]
increased during steady-state exercise, in contrast what was
seen in arterial plasma and what would also be seen in jugular
venous plasma. Again, this is solely due to the increase in [SID],
as the increase in [Atot] had the effect of reducing [HCO3

–] by
1 mEq/L.

It is evident from this analysis, using relatively small changes
in both dependent and independent acid–base variables, that
[H+] has similar sensitivities to physiological changes in the
independent variables, however [HCO3

–] is much more sensitive
to changes in [SID] and [Atot] than to changes in PCO2.

Endurance exercise

Low-speed endurance exercise, such as draught horses
pulling loads for 8 h per day for five consecutive days97 pro-

duces no significant acid–base disturbances. When the speed
of endurance exercise is increased, with ensuing sweat losses
of water and electrolytes occurring at elevated rates, then a
slowly progressing metabolic alkalosis develops.98–100 It is
important to point out that when the hydration status of the
horses is maintained, through the use of effective strategies of
electrolyte supplementation, this alkalosis does not develop.

The metabolic alkalosis associated with dehydration
during endurance rides, or indeed during prolonged trans-
port of a horse, is a direct result of sweating. Equine sweat
has a tonicity similar to that of plasma101 in contrast to the
very dilute sweat produced by humans. The reason for the
high tonicity of equine sweat is that the equine sweat gland
does not appear to have the ability to resorb ions from within
the lumen of the sweat glands. Rather, some ions, such as K+

and Cl,– appear to be secreted for their concentrations in
sweat are much greater than in plasma and extracellular
fluid.101 Although the electrolyte composition of equine
sweat changes over time, in general, sweat [Na+] ranges from
65 to 170, [K+] ranges from 25 to 55 and charge balance is
made up by [Cl–] in the range 100–180 mEq/L.101 The total
amount of electrolyte loss during a 100-mile endurance ride
can be in excess of 1 mole for Na+ and Cl,– representing
substantial depletion of body stores,102 so it is instructive to
determine the origins of the electrolyte losses. Because the
tonicity and [Na+] of equine plasma and sweat are similar,
there is little if any change in plasma osmolality and [Na+]
during prolonged endurance exercise.70,102,103 Additionally,
when plasma [K+] is measured, after allowing sufficient time
after exercise has stopped for re-equilibration of plasma and
muscle K+ pools, there is little change in plasma [K+] and
clearly the K+ losses are not borne by the extracellular
compartment. Therefore, the K+ appearing in the sweat
originates largely from cells, and likely contracting muscle
cells that are known to lose K+ during the period of exer-
cise.104 It is important to recall that the bulk of the body’s 
Na+ and Cl– stores are extracellular, and it is Cl– that balances
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Variable Resting Exercise Change Contribution Contribution 
from rest to change in to change in

[H+] [HCO
3
–]

Arterial plasma
[H+] nEq/L (pH) 37 (7.43) 26 (7.58) –10 – –
[HCO3

–] mEq/L 28.3 26.3 –2.0 – –
[SID] mEq/L 39.9 39.6 –0.3 +0.4 –0.3
PCO2 mmHg 42.7 28.3 14.4 –12.0 –0.6
[Atot] mmol/L 13.5 14.8 +1.3 +1.4 –1.0

Mixed venous plasma
[H+] nEq/L (pH) 43 (7.37) 38 (7.42) –5 – –
[HCO3

–] mEq/L 28.4 31.0 +2.6 – –
[SID] mEq/L 39.9 43.8 +3.9 –4.8 +3.7
PCO2 mmHg 49.2 48.1 –1.1 –0.9 0.0
[Atot] mmol/L 13.6 14.9 +1.3 +1.6 –1.0

Table 39.7 Contribution to increases in arterial and mixed venous dependent variables [H+] and
[HCO

3
–] by the independent variables [SID], PCO2 and [Atot] at 15 min of steady-state exercise prior 

to onset of fatigue. Data represent averages obtained from four trained Standardbreds (from Lindinger
MI et al, unpublished)



the positive charge on Na+ and K+ lost in sweat. Therefore
sweat [Cl–] = [Na+] + [K+]. Because the extracellular losses 
of Cl– exceeds those of Na+ by a factor ranging between 
1.3 and 1.8, extracellular and plasma [Cl–] must decrease,
and indeed does by 10 to 15 mEq/L.70,98,102,103 It is this 
large decrease in plasma [Cl–] that is responsible for the
alkalosis, for this results in a large increase in plasma 
[SID].

A detailed assessment of acid–base status in horses during
the time course of an endurance ride has not yet been per-
formed. Using the principles of acid–base assessment pro-
vided above, an extreme case of plasma [Cl–] depletion
(–15 mEq/L103) will be used to exemplify the effect on
acid–base status:

[SID] = ([Na+] + [K+]) – ([Cl–] + [lactate–])

Before endurance exercise:

38 mEq/L = (135 + 4) – (100 + 1)

After endurance exercise:

53 mEq/L = (135 + 4) – (85 + 1)

The increase in [SID] alone has a large alkalinizing effect and
can be calculated to decrease plasma [H+] from 36.6 to
23.9 nEq/L (pH increase from 7.436 to 7.622), with [HCO3

–]
increasing from 26.9 to 41.2 mEq/L. The fact that such large
changes do not occur is primarily attributed to the simulta-
neous increase in plasma [Atot] resulting from the loss of
extracellular water which raises [PP]. An increase in [PP]
from 60 to 75 g/L, typical of endurance rides, increases [Atot]
from 13 to 16.25 mmol/L, and this change alone (independ-
ent of change in [SID] or PCO2) has the effect of raising [H+]
from 36.6 to 40.5 nEq/L. The combined effect of increased
[Atot] and decreased [SID] results in an [H+] of 25.6 nEq/L
(pH 7.591) and [HCO3

–] of 38.4 mEq/L. There is negligible
change in PCO2 during endurance exercise and the small
changes that occur can be neglected for the purposes of
assessing acid–base status. Therefore, the acidification result-
ing from the increase in plasma [Atot] only partially offsets the
alkalinization caused by the increase in [SID], resulting in the
observed alkalosis.

It is very important to note that, in the dehydrated horse,
there is little change in plasma [Na+] and osmolality. Horses
can lose 30 L or more of fluid as sweat with minimal alter-
ation of plasma osmolality and [Na+]. This is solely because
sweat osmolality and [Na+] differs little from that of sweat. To
complicate the interpretation, the decrease in plasma [Cl–] is
seemingly inconsistent with dehydration. The key hematolog-
ical variables for diagnosis of dehydration in the horse are a
decrease in plasma [Cl–] coupled with increases in [PP] and
PCV.

Other types of exercise

It is worth noting some interesting features of acid–base
balance reported in the literature in horses performing differ-
ent types of activities, ranging from draught work to show

jumping. Show jumping competition resulted in a decrease 
in jugular venous PCO2, once again illustrating the degree 
of alveolar ventilation and an ability of lowered PCO2 to offset
the acidifying effects due to increases in [Atot].105 In these
horses [SID] increased by 2 mEq/L, which also had an alka-
linizing effect; a 2 mEq/L decrease in [Cl–] and 3 mEq/L
increase in [Na+] more than offset the 3.8 mEq/L increase in
[lactate–].

The second day of three-day eventing consists of a steeple-
chase, a roads and tracks phase and a cross-country phase,
with each separated by a rest/cool-down period. Rose and
colleagues106,107 assessed the acid–base changes occurring
within jugular venous blood during this period. As with the
other forms of exercise described above, plasma [H+]
decreased from 42 to 37 nEq/L at the end of the roads and
tracks phase, and was subsequently 41 nEq/L at the end of
the cross-country phase. The main reasons for the decrease in
[H+] at the end of roads and tracks was a 6 mmHg decrease
in PCO2 with a 2.3 mEq/L increase in [SID]. The increase in
[SID] resulted from increases in [Na+] and [K+] and decreases
in [Cl–] that offset the 1.5 mEq/L increase in [lactate–].
Together, the combined effects of lowered PCO2 and increased
[SID] more than offset the acidifying effects of the
1.2 mmol/L increase in [Atot], producing the mild alkalosis.
At the end of the cross-country, plasma [lactate–] had risen to
8.2 mEq/L, negating the effects of increased [Na+] and
lowered [Cl–] and leaving [SID] at resting values (40 mEq/L).
The sole contributor to an acidifying effect was thus the
3 mmol/L increase in [Atot] (resulting from dehydration
(57%) and exercise-induced fluid shift (43%)) and this was
completely offset by a further decrease in PCO2 to 31.5 mmHg
resulting in a normal [H+] (41.3 nEq/L). As expected, the
combined effects of increased [Atot] and reduced PCO2 lowered
[HCO3

–] from 28 mEq/L at rest and at the end of roads and
tracks to 18 mEq/L at the end of the cross-country. Within
30 min of the cross-country both [H+] and [HCO3

–] had nor-
malized to pre-exercise values despite an elevated [Atot] (at
this point due solely to dehydration), whose acidifying effects
were offset by a continued depression of PCO2.

Polo consists of periods of low to moderate activity inter-
spersed with brief periods of burst activity while carrying the
rider. The total duration of activity for individual horses
ranges from 1 to 2 h, allowing time for dehydration to occur
as a result of sweating (see endurance exercise section
below). Polo exercise results in a modest acidosis of metabolic
origin (increases in plasma [lactate–]) that lasts during the
period of activity.108 After cessation of exercise a mild alkalo-
sis may develop, concomitant with decreased plasma [Cl–]
resulting from sweat losses (see the ‘Endurance exercise
section’).

Clinical notes

In a clinical vein, the nature of the generation of the acid–base
disturbance, and its subsequent regulation during and follow-
ing the period of exercise, results in its eventual amelioration
over a period of minutes to hours depending on the intensity
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and duration. Very high-intensity exercise is capable of lower-
ing arterial plasma pH to 7.1.77 Therefore caution may be
required with repeated sprints of very high intensity due to the
cumulative effects of increasing [lactate–] and [PP] that may
be capable of decreasing arterial pH below 7.1. It must be
understood that the severity of the mixed venous acidosis
would be measurably greater than the arterial acidosis. At
somewhat lower intensity, horses are capable of several
repeated sprints without incurring a severe acid–base distur-
bance.93 The final caution pertains to dehydration that results
from prolonged endurance exercise or prolonged transport
without adequate intake of fluids and electrolytes. Dehydrated
horses typically have an alkalosis that results in large part
from the decrease in plasma [Cl–] (loss of strong acid anion).
The decrease in plasma [Cl–] is primarily due to the very large
losses of Cl– in the sweat that serves to physicochemically
balance the positive charge of Na+ and K+ lost in sweat. At the
same time, [PP] may be in excess of 8 g/dL (normal is
5–6 g/dL in a euhydrated horse) and this will have a pro-
nounced acidifying effect that also lowers [HCO3

–]. Proper cor-
rection of this combined acid–base disturbance requires oral
(preferably) or intravenous (if necessary) administration of a
balanced electrolyte solution to replace the water, Na+, K+ and
Cl– lost in sweat. Since Cl– in the administered solution will
balance the sum of Na+ and K+, as K+ is taken up by the tissues
(and this occurs very rapidly12) the Cl– will be left in the 
extracellular compartment with Na+, serving to retain extra-
cellular fluid and thereby lower plasma [protein]. This
effectively corrects both the strong ion and weak ion aspects 
of the acid–base disturbance simultaneously.

Exercise summary

The strength of the physicochemical approach to acid–base
balance is that it allows for the determination of each of the
known and measured variables that determines the concen-
trations of H+, HCO3

–, and –OH in body fluids. Specifically, the
method allows us to determine how much of an effect the
increase in [PP] has. In most types of exercise, and in many
clinical conditions, [PP] is elevated; large increases in [PP]
are a hallmark of dehydration in endurance horses and, 
with other causes of dehydration, has a marked acidifying
effect on plasma, and additionally lowers [HCO3

–]. With 
high-intensity exercise, increases in plasma [lactate–] play a
major role in decreasing [SID], and hence acidifying the
plasma and lowering [HCO3

–]. With submaximal exercise,
however, changes in strong ion concentrations are small 
and their effects on acid–base balance may be less than 
those exerted by increases in [Atot]. Finally, the very large
increases in mixed venous PCO2 that occur with high-
intensity exercise have a major acidifying effect, but raise
[HCO3

–]. When this blood is treated by the lungs, the PCO2 is
markedly lowered, often to below resting values for PaCO2.
Thus the acidifying effect of PCO2 within the venous plasma
may be reversed to an alkalinizing effect within the arterial
plasma. The main strong ion changes contributing to the
decrease in [SID], and hence acidification and lowering of

[HCO3
–], are increases in plasma [lactate–] and decreases in

plasma [Cl–].

Responses to training

The impact of training, or exercise conditioning, on acid–
base balance has not been well studied. It is known, however,
that the responses to exercise conditioning for low to moder-
ate-intensity exercise (endurance training) differ from those
for high-intensity exercise (sprint training), both at the
whole-body metabolic level (see Chapter 34) and within
skeletal muscle (see Chapter 5). Perhaps because of relative
ease of implementation, endurance-type training studies are
more prevalent than sprint training studies.

Endurance training

Endurance training results in a decrease in anaerobic muscle
metabolism109 and an increased oxidative capacity of
muscles110 that results in an increased reliance and capacity
for fatty-acid oxidation during exercise. There is a reduced
conversion of pyruvate to lactate– accompanied by improved
matching of glycolytic flux with entry of pyruvate into the
TCA cycle.111 Notably, these adaptations result in a reduced
rate of lactate– and H+ accumulation within contracting
muscle and blood, and these responses may be detectable
within the first week of training. This is associated with
increases in the activities of enzymes of oxidative metabolism
that favor an increase in free-fatty acid oxidation. In highly
trained, elite human endurance athletes the adaptations for
fat oxidation are very pronounced, with fat serving as the
main energy source at exercise intensities as high as 85% of
peak V

•

O2
112 with concomitant decrease in muscle glycogen

utilization at submaximal exercise intensities. At present, it is
not known if the elite equine endurance athlete can achieve
a similarly high capacity to utilize blood-borne fatty acids.

These intramuscular biochemical adaptations are associated
with improvements in the cardiovascular function (increased
stroke volume and cardiac output)89 but there appears to be
little change in functional parameters of the respiratory
system.89,92,113 With low-intensity exercise, endurance training
appears to have no effect on measured acid–base variables,114

probably because the metabolic and cardiorespiratory systems
are not sufficiently taxed by low work rates.

Sprint training

The effects of sprint training on the ability of skeletal muscle
or the whole body to regulate acid–base state have not been
studied. None the less, a number of inferences may be made
from the limited results available. Within skeletal muscle,
sprint training results in a large increase in non-bicarbonate
buffering capacity44 that appears to be due primarily to
increases in muscle carnosine content.56
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Seven weeks of race training in Thoroughbreds increased
skeletal muscle non-bicarbonate buffering capacity by 60%,
from 58 ± 7 to 93 ± 7 �mol/kg.pH–1.44 Similar increases 
have been reported in humans5,115 but sometimes not in
other equine studies.116,117 In the latter studies, however, 
the untrained horses were likely somewhat active, making
difficult the detection of significant differences. Buffering
capacity, even in untrained equine muscle, is substan-
tially greater than in trained humans, and is 43 �mol/
kg.pH–1.115,118 The increased buffering capacity with sprint
training is very important in view of the fact that sprint
training (in humans) results in increased activities of the
glycogenolytic and glycolytic enzymes phosphorylase, phos-
phofructokinase, glyceraldehyde phosphate dehydrogenase,
and lactate dehydrogenase.119 Indeed, a high degree of cor-
relation between carnosine content and glycogen phosphory-
lase activity has been shown.50 Increased activities of these
enzymes would be associated with a capacity to increase the
rates of lactate– and H+ production within contracting
muscle. Despite increased rates of production, there was
actually a decrease in lactate accumulation within muscle
after training compared to before training both in horses117

and in humans,115 suggesting decreased reduction of pyru-
vate to lactate and enhanced pyruvate conversion to acetyl
CoA. Additionally, increased amounts of lactate– could be
transferred out of contracting muscle cells by training-
induced increases in the monocarboxylate transporter
MCT,120 to be taken up rapidly by other tissues,49 keeping
plasma [lactate–] relatively low.117

Thoroughbred race training resulted in no effects on pHa,
PaCO2, PmvCO2 and V̇CO2 after 7 weeks89 or 16 weeks,92

although arterial89 and mixed venous pH92 decreased
significantly less than before training during incremental
exercise tests.

In summary, from the limited number of sprint training
studies, it appears likely that an improved ability to regulate
acid–base state with moderate- to high-intensity exercise is
primarily due to increases in non-bicarbonate proton buffer-
ing capacity and an improved ability to utilize pyruvate.

High altitude

The transition to high altitude results in a number of hemato-
logical adjustments that affect acid–base status.121,122 The
decreased atmospheric partial pressure of O2 results in an alve-
olar hyperventilation that persists for at least 6 days. During the
initial 3 days of transition to 3800 m elevation, PCO2 decreased
from 40 to 20 mmHg and [SID] from 44 to 26 mEq/L that,
together, accounted for increases in pH (7.43 to 7.48) and
decreases in [HCO3

–] (from 23 to 15 mEq/L).122 After the third
day of altitude, acid–base parameters were normalized over a
3–7-day period.122 Since [PP] was not measured, the influence
of [Atot] on acid–base balance is unknown at this time. From
these studies it appears that a minimum of 10 days is needed to
complete the adjustments affecting plasma acid–base status.
This is an important consideration when horses are brought
from low- to high-altitude locations for competition.

Diet and acid–base

Nutrition plays an important role in equine health, perform-
ance, and acid–base balance, both at rest and during exercise.
Large-animal diets are often characterized on the basis of their
dietary cation anion difference (DCAD), defined as the balance
between strong base cations (K+ and Na+) and strong acid
anions (Cl– and SO4

2–). The reason that dietary DCAD affects
acid–base balance in the body is because diets high in cations
but low in anions (high DCAD) result in an increased cation
content of the extracellular fluids as these cations are absorbed
within the small intestine. When a high DCAD diet is sustained,
much of the excess cation is excreted by the kidneys, but the
cations are accompanied by the weak acid HCO3

– and the strong
acid Cl–, typically producing a mild systemic alkalosis.123 In con-
trast, low DCAD diets produce a systemic acidosis123–125 with
increased renal calcium excretion that could lead to negative
calcium balance and weakening of the skeletal system.126 A
DCAD of between 250 and 300 mEq/kg is considered neutral –
this will not result in significant alterations of acid–base
balance. In contrast, a DCAD > 300 mEq/kg will have an alka-
linizing effect, while a DCAD < 250 mEq/kg will have an acidi-
fying effect. High-quality, high-forage diets have a large cation
content, primarily K+, that will often produce a DCAD >
300 mEq/kg. In contrast, unsupplemented grain rations have a
high Cl– and low K+ content and have a DCAD typically less than
250 mEq/kg.

Resting horses

Plasma pH and [HCO3
–], and urine pH have been shown to

increase in proportion to the DCAD over the range 0 to
407 mEq/kg dry matter.123,125,126 Diets that have a high
protein content are also acidogenic due to the production of
SO4

2– (strong acid anion) and inorganic phosphate (weak
acid anion), which become elevated in plasma. In Arabian
horses, a high protein (HP) diet (DCAD = 182 mEq/kg)
significantly decreased [SID] by 7 mEq/L compared to horses
fed on a low protein (LP; DCAD = 260 mEq/kg) diet.127 The
decrease in [SID] was due to a 7 mEq/L decrease in plasma
[Cl–] in the HP group. It is likely that the decrease in [Cl–] was
offset by increases in [SO4

2–] and [phosphate], but these were
not reported. Plasma PCO2 averaged 3 mmHg higher in the
HP group. The resultant changes in dependent acid–base
variables was small (increased plasma [H+] by 2–3 nEq/L),
with no effect on [HCO3

–].

Exercise

Only a few studies have examined the influence of DCAD on
exercise performance and on acid–base balance during exer-
cise.124,125,128,129 Popplewell et al129 demonstrated that
horses fed a high DCAD ran significantly faster and, at the
end of exercise, had elevated concentrations of lactate in the
blood while plasma [H+] was unchanged.129 A similar
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response was not seen by Cooper et al where the high DCAD
diet was marginal at 306 mEq/kg.128

In the study by Graham–Thiers et al127 horses on the high
protein (HP) diet (low DCAD) had a more pronounced lowering
of [HCO3

–] during exercise consisting of 6 sequential 1 min
sprints, separated by 4 min rest periods. The lower [SID] and
PCO2 during rest in the HP group persisted during exercise and
30 min of recovery and accounted for the reduced [HCO3

–]. Of
interest, and in contrast to Popplewell et al’s study,129 horses on
the HP diet averaged 3 mEq/L higher plasma [lactate–], which
was offset by a 3 mEq/L decrease in plasma [Cl–], than horses on
the LP diet.

Dietary protein

The purported effects of dietary protein on acid–base balance in
the study by Graham-Thiers et al127 can at least in part be
attributed to the low DCAD of the HP diet. A recent study by the
same group130 maintained the DCAD of the HP diet between
387 and 424 mEq/kg dry matter, whereas the DCAD of the low
protein (LP) diet was 345–370 mEq/kg. At rest, horses on the
LP diet had a minor lowering of arterial and mixed venous
plasma [lactate–] and pH, and increased arterial [HCO3

–] and
[K+], without change in other variables. With high-intensity
sprinting exercise, horses on the LP diet maintained a 0.03 pH-
unit higher mixed venous pH than horses on the HP diet,
although the physiological significance of such a small,
although consistent effect, is questionable. The increased mixed
venous pH could be attributed to a 2 mEq/L greater [SID] in LP
horses both at rest and during exercise, with no differences in
PCO2 and [Atot] between LP and HP. In contrast, arterial plasma
was not influenced by diet during exercise. These limited studies
suggest that the LP diet alters the functioning of the contracting
muscles sufficiently to produce a modest effect of elevated [SID]
and pH in mixed venous blood. The effects are so small to be of
questionable physiological significance.

Dietary starch

Dietary starch has been suggested to be the cause of a
decrease in plasma pH when DCAD was held constant across
diets. However, a recent comprehensive study using three
high DCAD (305–333 mEq/kg) and three low DCAD
(124–154 mEq/kg) diets, with starch comprising 45–49% of
each diet, showed that high-starch diets (from corn, oats or
alfalfa) had no effect on plasma acid–base balance.131 These
authors concluded that the potential negative effects of high-
grain diets (low DCAD) can be overcome by adjustment of the
DCAD with supplemental cations. There was also no effect of
alfalfa versus non–alfalfa roughage diets on acid–base status
and exercise performance in Thoroughbreds.132

Dietary fat

The effect of dietary fat on performance and acid–base
balance has received more attention than starch and protein.

Graham-Thiers et al found no effect of dietary fat (0 versus
10%) on acid–base balance at rest and during repeated sprint
exercise, although there was evidence for an increased
reliance of fat as an energy source.130 In contrast, an earlier
study of repeated sprint exercise reported that horses on a
10% fat diet showed an increased plasma acidosis with
increased [lactate–]133 and decreased PCO2 and [SID] than
horses on the control diet.134 Peak effects of the high-fat diet
required between 6 and 11 weeks of feeding. When horses
were on a high-fat (10%) diet for a relatively short duration of
4 weeks, there was a tendency for the high-fat diet to increase
plasma [lactate–] during exercise.135 This was associated with
faster gallop speeds during the third and fourth repeated
gallops, which Duren et al135 attribute to an increased activa-
tion of glycolysis and glycogenolysis136 with associated
increases in power output with repeated sprint exercise. It
appears that, with high-intensity exercise, horses must be
maintained on a high-fat diet for at least 6 weeks and that the
chronic high-fat diet results in an increased reliance on glycol-
ysis to produce the ATP needed to generate the high power
outputs. The effects of a high-fat diet on acid–base balance
during high-intensity exercise appear to be minor. The effects of
dietary fat on acid–base balance during prolonged low- and
moderate-intensity exercise do not appear to have been studied.

Selected clinically relevant
issues for seemingly
‘normal’ horses

Age

A recent study137 provided a detailed comparison of plasma
acid–base status in young (< 9 years) and old (> 19 years)
horses. The only differences were a reduced (by 1.5 mmHg)
arterial PCO2 that resulted in a lower pH (7.428 versus 7.404)
and this was associated with a lower PO2 (90 versus
102 mmHg); there were no differences in measured weak
and strong ion concentrations. A similar effect of age on arte-
rial PCO2 has previously been reported.138 Aguilera-Tejero et
al suggest that the apparent hypoxemia in older horses results
in an increased ventilation that would thereby reduce arterial
PCO2.137

Idiopathic laryngeal hemiplegia

A number of race horses, both Thoroughbred and Standard-
bred, may perform poorly138 due, in part, to a syndrome
known as idiopathic laryngeal hemiplegia (ILH).139 ILH is a
peripheral neuropathy characterized by dysfunction of the
left recurrent laryngeal nerve innervating most of the left
laryngeal muscles.140 Haynes indicated that about 50% of
large breed horses have some degree of laryngeal synchrony
and asymmetry at rest.141
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Impaired regulation of acid–base balance occurs during
exercise in horses with grade 4 or 5 laryngeal function,140

where grade 5 is complete hemiplegia. The primary manifes-
tation during a standard exercise test to fatigue is a marked
elevated in arterial PCO2 (grade 4, 69 mmHg; grade 5,
75 mmHg) compared to grade 1 (normal laryngeal function,
58 mmHg) that is associated with a reduced arterial PO2
(by 8 mmHg) and increased (by 5–6 mEq/L) plasma
[lactate–].139,140

Small airway inflammation and exercise-induced pul-
monary hemorrhage (EIPH) also commonly occur in race-
horses, leading to decrements in performance.142 Poorly
performing horses with these respiratory diseases manifested
a pronounced and sustained hypocapnia with lower arterial
Po2, [HCO3

–] and pH and higher blood [lactate–] during
recovery from high intensity exercise. The more pronounced
increase in [lactate–] is consistent with impaired blood
oxygenation at the lungs, resulting in a greater reliance on
anaerobic mechanisms to produce energy during high-
intensity exercise. The authors’ conclusion that the hypo-
capnia was due to the lactic acidosis142 cannot be supported.
While the hypocapnia itself would blunt the arterial chemo-
receptor drive to ventilate, this may be offset by the increased
[H+]. The hypocapnia can be explained in terms of alveolar
hyperventilation, which would facilitate rapid release of CO2
at the lungs while maintaining compromised ability to
extract oxygen.

Administration of alkalinizing
substances and other purported
ergogenic aids

Alkalinizing substances

There is an extensive literature on the administration of
bicarbonate salts and other alkalinizing agents in both horses
and humans, and the interested reader is referred to reviews
by Schott and Hinchcliff143 and Heigenhauser and Jones.144

There is also evidence that the administration of alkalinizing
agents will result in enhanced performance with exercise at
moderate to high intensities, and that this is due to increased
rates of strong acid (i.e. lactate–) removal from contracting
muscle. This section will focus on the physicochemical
aspects of inducing and correcting the acid–base disturbance
resulting from the administration of bicarbonate-, citrate-,
and phosphate-containing compounds.

At the outset it must be explained that the administration
of HCO3

– does not in and of itself result in an increase in
plasma [HCO3

–]. When sodium bicarbonate, or baking soda,
is dissolved in water, all of the Na+ completely dissociates
from HCO3

– by virtue of Na+ being a strong ion; by definition
strong ions are completely dissociated in solution.23,26 The
HCO3

– in solution readily participates in physicochemical
reactions with H,+ CO2 and H2O, as described above. In this
simple solution consisting of water and added baking soda,
the [HCO3

–] will be determined by the [Na+] and by the PCO2.
Since this solution will come into equilibrium with the CO2 in
the air, the resulting PCO2 will be very low once equilibrium is

achieved. The addition of carbonic anhydrase to this solution
would greatly increase the speed of the reaction, establishing
equilibrium.

When a freshly mixed baking soda solution is administered
nasogastrically into the stomach of a horse, which is an acidic
environment, acid within the stomach and upper intestinal
tract reacts rapidly with the HCO3

– in solution. The HCO3
– that

was in solution rapidly dissipates, producing CO2 and H2O:

HCO3
– + H+ → CO2 + H2O

The CO2 diffuses readily into the blood, where most is trans-
formed by the action of carbonic anhydrase to HCO3

–, trans-
ported to the lungs, reconverted to CO2 and eliminated in
expired air. The ingested water and Na+ are absorbed within
the small intestine, resulting in increased plasma water
content and [Na+] – the excess is ultimately removed from the
body through normal renal processes. Since the ingested
HCO3

– becomes part of the open CO2 system, which is in a
dynamic equilibrium with inspired air and the tissues, PCO2 is
rapidly normalized through ventilation. Therefore the only
changes remaining within the plasma (and extracellular)
compartment are increased [Na+] and decreased concentra-
tions of other plasma ions, both strong and weak. Notably,
the concentrations of the predominant weak acid, protein,
and strong acid Cl– are decreased, resulting in decreased [Atot]
and [Cl–]. Both the decrease in [Cl–] and the increase in [Na+]
contribute to an increase in [SID]. Both the increase in [SID]
and the decrease in [Atot] contribute to increased [HCO3

–] and
decreased [H+]; PCO2 remains unchanged.

Because of the nature of these physicochemical reactions,
it does not matter which cation salts of bicarbonate are dis-
solved in water and administered to the horse – all will result
in a very similar extracellular alkalosis, at least initially. If
calcium salts are used, these are absorbed slowly and the onset
of the alkalosis will be slow. If a sufficient amount of calcium
is used to induce an alkalosis, it is likely that this would be
toxic. Potassium bicarbonate has also been used. Potassium,
in contrast to Na+, does not remain in the extracellular com-
partment but is rapidly taken up by the tissues, reducing the
extent of the extracellular alkalosis presumably at the expense
of alkalinizing the intracellular compartment.12

Time course

The administration of an alkalinizing agent results in a low-
ering of plasma and extracellular [H+], with a concurrent
increase in [HCO3

–], with peak effects appearing to depend on
the volume of water administered with the dose. When 1 L of
water was administered with a NaHCO3 dose of 0.4 g/kg
body mass, peak effects occurred 2–4 h after administra-
tion.145 In contrast, when 2–4 L of water was used to admin-
ister doses ranging from 0.25 to 1.5 g/kg, peak effects
occurred only 6–8 h after administration.146–149 Similar time
courses occurred with a range of alkalinizing agents (sodium
citrate, sodium acetate, sodium lactate, sodium acetate)
administered at a dose of 0.5 g/kg in 2 L of water.150

As noted above, the administration of an alkalinizing
agent with 4 L of water should result in a transient increase
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in plasma volume. The time course of PV change has not
been studied, although it is known that any early changes in
PV that would occur are corrected 6 h after administra-
tion.151 Therefore, after this 6-h period the sole cause for the
acid–base disturbance is the increase in extracellular [Na+]
(or other administered cation).

Mechanism for enhanced lactate efflux

The rate of lactate– facilitated diffusion across the sarco-
lemma by the monocarboxylate transporter (MCT1), of
which there are at least four isoforms in muscle,49,120 depends
on the chemical gradient and driving force for H+ and
lactate–. Extracellular [lactate–] is very low compared to
muscle [lactate–] in horses performing moderate- to high-
intensity exercise,152,153 providing a high driving force for
lactate– diffusion out of contracting muscle cells. Similarly,
extracellular [H+] is low compared to intramuscular [H+],
and this is increased for a prolonged duration (up to 16 h)
after administration of alkalinizing agents.150 This combina-
tion of chemical changes results in an enhanced rate of
removal of lactate– from contracting muscle during high-
intensity exercise, producing a higher plasma [lactate–] and
lower muscle [lactate–] at the end of exercise.153 In order to be
able to detect these changes, the dose administered may be
important: Greenhaff et al used an NaHCO3 dose of
0.6 mg/kg,153 and when a dose of 0.4 mg/kg was used no
differences in muscle and blood lactate were found.152

Creatine supplementation

The practice of creatine supplementation is used in humans
to improve performance associated with short-term, high-
intensity exercise.154 Attempts to replicate similar effects in
horses with a dose of 25 g creatine monohydrate twice daily
have shown no effect on performance, metabolism, and
related acid–base variables.155

Furosemide

Furosemide is a loop diuretic that is extensively used to treat race
horses exhibiting symptoms of exercise-induced pulmonary
hemorrhage (EIPH) in some racing jurisdictions.156 There is evi-
dence that furosemide administration improves racing perform-
ance157 despite the pronounced diuresis with loss of water and
electrolytes.158 The mechanism by which furosemide induces a
long-lasting mild alkalosis is through reductions in plasma [Cl–]
due to marked increases in renal Cl– excretion without con-
comitant increases in renal strong cation excretion158 and
movement of plasma, Cl– into red blood cells.159 Because
furosemide results in a pronounced loss of water, Na+, and
titratable acid from (primarily) the extracellular fluid compart-
ment, this results in increased plasma [Na+] (by 8 mEq/L) and
decreased plasma [Cl–] (by 8 mEq/L) between 5 and 10 h after
intramuscular administration of 1 mg/kg.160 In this study, it
appears that plasma [SID] increased by 13 mEq/L 8 h after
administration. More recently, a 7 mEq/L increase in plasma
[SID] 4 h after administering 1 mg/kg furosemide has been

reported.161 This large increase in [SID] fully explains the
increase in pH (7.383 to 7.445) and increase in [HCO3

–]
(3 mEq/L) in arterial plasma.161 The effect of increased [SID]
alone would have been greater, however, the concomitant
increase in [PP] and hence [Atot], due to the extracellular
dehydration, results in an acidifying effect. Arterial and
mixed venous PCO2 remains unchanged in resting horses.161

During high-intensity treadmill running exercise (4 h after
0.5 or 1 mg/kg furosemide administration), the elevations in
arterial and mixed venous pH and [HCO3

–] were maintained
in furosemide-treated horses through to the last minute of
maximal exercise; furosemide did not appear to result in
increased lactate accumulation within blood.161 Similar
responses were reported by Hinchcliff and McKeever.162

In many ways, the alkalosis resulting from furosemide
administration qualitatively resembles that resulting from
administration of NaHCO3 and related alkalinizing agents. The
main feature in common that produces the increased plasma
pH and [HCO3

–] is the pronounced decrease in plasma [Cl–]. The
main differences are elevations in [PP] and [Na+] with
furosemide, while these variables remain largely unchanged
with alkalinizing agents. The alkalosis resulting from even high-
dose furosemide (1 mg/kg) is relatively mild compared to 
the moderate alkalosis resulting from high-dose NaHCO3
(> 0.5 mg/kg), although the effects appear to be similar in
duration.
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status and/or fluid and electrolyte supplementation and
exercise performance has not been formally investigated in
horses. It has been established that horses dehydrated prior to
exercise will have compromised thermoregulatory function,
and fluid and/or electrolyte supplementation during and
immediately after exercise will hasten recovery. However, the
effects of dehydration prior to exercise or fluid/electrolyte
supplementation upon direct measurements of athletic per-
formance in endurance exercise have not been formally
addressed. In human athletes it is well established that exer-
cise performance, assessed as an increase in time to exhaus-
tion at a given exercise intensity or as a decrease in time to
complete a given distance, is enhanced by ingestion of elec-
trolyte containing solutions during exercise.2

Understanding of some concepts related to fluid composi-
tion is necessary for discussion of fluid and electrolyte disturb-
ances. Concentrations of electrolytes in plasma or fluids are
commonly reported in a variety of forms: weight per volume
(mg/dL, g/L or %), or number of mols, osmols or equivalents
per volume (mmol/L, mOsm/kg or mEq/L). One mol of any
substance is the molecular weight of the substance in grams
(Na+ 23 g/mol, K+ 39.1 g/mol, Cl– 35.5 g/mol, Ca2+ 40.1 g/
mol, Mg2+ 24.3 g/mol). Electrolytes in body fluids combine
based on their charge, the number of positively charged
particles (cations) and negatively charged particles (anions) is
always equal, and it is often useful to express electrolyte
concentrations as mEq/L. One equivalent is defined as the
number of mols times its valence or number of ionic charges
(valence is 1 for Na+, K+ and Cl–, and 2 for Ca2+ and Mg2+).
Osmolality refers to the number of dissociated particles per kg
of solvent (e.g. water) and osmolarity refers to the number of
dissociated particles per liter of solvent. Those particles in
solution that cannot freely diffuse across cellular membranes
will exert an osmotic effect, and are referred to as effective
osmols. The effective osmolality of a solution is referred to as
tonicity. Isotonic fluids are those with a concentration of
osmotically active particles similar to that of plasma (osmo-
lality of equine plasma is 270–300 mOsm/kg). Hypotonic
and hypertonic fluids are those with an osmolality much
lower or much higher than 300 mOsm/kg, respectively.

The cardiovascular system delivers oxygen and nutrients to
all tissues. During exercise the cardiovascular system is also
involved in transferring the heat load generated in working
skeletal muscles to the skin. Heat is lost by convection (trans-
fer between media of different temperatures), conduction
(direct transfer between surfaces in contact), radiation
(energy absorbed or emitted at the body surface), and evapo-
ration (conversion of a liquid to vapor and consequent
cooling effect at the surface at which the change of state
occurs). In equine athletes, the most important route of heat
transfer during exercise is the evaporation of sweat,1

accounting for approximately two-thirds of heat dissipation.
Therefore, sweating is an essential mechanism to avoid
hyperthermia during exercise. Equine sweat is an isotonic to
slightly hypertonic fluid with electrolyte concentrations
equal or higher than that of plasma. Consequently, horses
performing athletic events of several hours duration, in
which thermal balance is maintained by evaporation of
sweat, will lose considerable amounts of water and electro-
lytes. When fluid and electrolyte deficits are not partially or
totally replaced during and/or after exercise horses may
develop clinical signs of dehydration and exhaustion. Clinical
disorders associated with fluid, electrolyte and acid-base
imbalances are most commonly observed in horses compet-
ing in different modalities of endurance rides and three-day
events.

Fluid and electrolyte balance is not only important from a
medical perspective but also because it relates to exercise
performance. The reduction in plasma volume associated
with dehydration can impair the ability to maintain adequate
perfusion to the working skeletal muscle, potentially leading
to fatigue, and to the skin, which may lead to excessive hyper-
thermia and fatigue. The relationship between hydration
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Exercise-associated
dehydration/exhaustion

● Most commonly seen in horses competing in endurance
events (e.g. endurance races, competitive trail rides and
three-day eventing).

● Exhaustion is due to the compound effects of heat accu-
mulation, alterations in electrolyte, fluid and acid–base,
and substrate depletion.

● Therapeutic strategy: stop exercise, cool the horse, and
provide access to water and hay in mild cases. In more
severe cases administration of oral electrolyte solutions
via nasogastric tube and/or intravenous fluids is a must.

● Prevention: acclimatization to environment in the case of
extreme heat, humidity, or altitude. Administer electro-
lytes and offer water to horses during endurance exercise.
Avoid competitive endurance exercise with unfit or other-
wise unsuitable horses (e.g. overweight Quarter Horses).
Provide supplementary electrolytes in the diet to compen-
sate for electrolyte losses in sweating.

Recognition of the disease

History and presenting complaint

Exercise-induced dehydration/exhaustion is most commonly
recognized as a condition that requires medical intervention
in horses exercising for protracted periods in hot environ-
ments. It is most commonly observed in horses competing 
in endurance rides and less frequently in horses undertaking
three-day events or combined training competitions. The
presenting complaint is severe depression, and lack of thirst
and appetite despite apparent dehydration.

Physical examination

Clinical signs observed in horses suffering exercise-induced
dehydration/exhaustion include depression, anorexia, lack of
thirst despite persistent dehydration, persistently elevated
rectal temperature, heart rate and respiratory rate.3,4 Other
clinical signs related to dehydration and poor cardiovascular
function include dryness of mucous membranes (gums, con-
junctiva), delayed capillary refill time, decreased pulse pres-
sure, and persistent skin-fold test. Dry feces, minimal urine
production, poor gastrointestinal motility, poor anal tone,
ileus, and colic may also be observed. Other less common
signs associated with dehydration and exhaustion include
cardiac arrhythmia, muscle cramps, and/or synchronous
diaphragmatic flutter.

The severity of dehydration can be subjectively assessed
based on the clinical signs observed (Table 40.1). Dehydration
below 5% is not detectable clinically, whereas acute dehydration
above 10–12% is considered incompatible with life.

In endurance competitions, horses are evaluated at
regular intervals in an attempt to assure that only those
capable of safely continuing to exercise remain in the compe-

tition. At each mandatory rest period (‘vet gates’), fitness to
continue is assessed based on examination of general appear-
ance, attitude, gait, pulse and respiratory rates, and evalu-
ation of dehydration, capillary refill time, color of mucous
membranes, and gastrointestinal motility. The cardiac recov-
ery index is performed routinely in some countries during the
veterinary examination at a mandatory stop. The cardiac
recovery index involves taking a resting heart rate, the horse
is then trotted 30 m (33 yards) out and back and the heart
rate is taken again 1 min later. Generally, if the resting heart
rate is low (50 bpm or less) and the heart rate taken after trot-
ting is equal or lower than the resting heart rate the horse is
considered fit to continue.5,6 Close examination of horses at
the mandatory stop and use of the cardiac recovery index
may help to identify those horses with early stages of
significant dehydration/exhaustion.

Laboratory examination

Routine hematology reveals alterations related to dehydra-
tion and stress, which include increased plasma total protein,
packed cell volume, red blood cell count, and hemoglobin;
and the total white blood cell count and differential generally
show neutrophilia and lymphopenia.7–9

Plasma electrolyte concentrations in dehydrated/exhausted
horses are variable. Moderate hypochloremia is most com-
monly observed after endurance exercise in exhausted and
non-affected horses. However, the degree of dehydration and
hypochloremia, with consequent metabolic alkalosis, is gen-
erally more pronounced in affected horses. Although the
characteristic acid–base abnormality is hypochloremic meta-
bolic alkalosis, it is also reported that the fastest horses in an
endurance race may develop mild metabolic acidosis due to
lactate production,8,10 which probably results in a mixed
acid–base disorder with concurrent lactic acidosis and
hypochloremic metabolic alkalosis. Other abnormalities can
include hypokalemia, hypocalcemia, hypomagnesemia and
hypo- or hypernatremia. Substantial decreases in total body
electrolyte content due to sweating will be poorly reflected by
changes in plasma electrolyte concentrations, because fluid
and electrolyte losses are isotonic and of similar composition
to plasma. Plasma electrolyte concentrations observed in
horses performing endurance rides and three-day events are
shown in Tables 40.2 and 40.3.
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% of body Volume Clinical signs 
weight deficit (L)

in 450 kg 
horse

Mild 5–6 ≈ 20–30 Tacky mucous membranes,
decreased skin turgor

Moderate 7–9 ≈ 30–40 Dry mucous membranes,
depression, sunken eyes

Severe > 9 > 40 Cold extremities,
recumbency, moribund

Table 40.1 Clinical signs observed depending on severity 
of dehydration



Plasma glucose concentrations in dehydrated/exhausted
horses are quite variable. Hyperglycemia can occur in
exhausted horses and those with heat-stroke due to high con-
centrations of stress hormones, such as the catecholamines
and cortisol. Hypoglycemia can also occur during protracted
exercise because of depletion of liver glycogen, which will
lead to fatigue and altered mentation due to lack of glucose
availability to neurons.

Dehydration and possibly renal disease may be apparent
by elevation in blood urea nitrogen and creatinine concen-
trations in horses performing protracted exercise. If urine can
be obtained, it may be highly concentrated due to severe
dehydration, or may be poorly concentrated despite severe
dehydration in cases of ischemic renal tubular damage. The
use of urinary specific gravity, urinary to plasma creatinine
ratios and fractional excretion ratios of electrolytes in the
diagnosis and management of acute renal failure is discussed
below under the heading ‘Acute renal failure’ (page 914).

Plasma concentrations of creatine kinase (CK) and
aspartate aminotransferase (AST or GOT) may be elevated as
a consequence of recent muscular activity, and in case of
exertional rhabdomyolysis these enzymes are elevated
20–100-fold or more.

Treatment and prognosis

Prognosis varies from favorable to very grave depending upon
severity of clinical signs, promptness of medical therapy, and
potential complications. Exercise-induced dehydration and
exhaustion is responsive to medical therapy if fluid therapy is
aggressive. Unfortunately, loss of horses competing in endur-
ance events still occurs, and the importance of close veterinary
supervision and diligent therapeutic intervention cannot be
overemphasized.

Immediate care should include stopping exercise and, if pos-
sible, moving the horse into the shade. If available, fans should
be placed close to the horse to promote cooling. The horse
should be cooled by repeated rinsing/bathing with abundant
volume of cold water over the entire body. In studies performed
under field and laboratory conditions, repeated application of
cold water over the entire body surface decreases rectal temper-
ature more quickly than no bathing or bathing with water at
ambient temperature.11,12 These treatments do not cause
muscle cramps or myopathies. Wet sheets or towels left in place
over the horse’s neck or trunk should be avoided, unless cold
water is sprayed repeatedly because wet towels will only serve to
provide unneeded insulation in a heat-compromised patient.4
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Before ride 32–50 km 80–100 km 160 km Reference

Na+ mEq/L 138.6 ± 0.5 136.4 ± 1.0 133.7 ± 1.8 – Rose 198084

139.6 ± 2.5 – 138.5 ± 2.6 136.6 ± 4 Carlson 197485

139.1 ± 2.5 – 134.9 ± 3.0 – Carlson 19767

139.7 ± 0.4 137.7 ± 1.2 141.8 ± 2.6 138.6 ± 0.5 Lindinger 199514

K+ mEq/L 3.8 ± 0.1 3.4 ± 0.1 3.2 ± 0.2 – Rose 198084

3.6 ± 1.8 – 3.5 ± 0.6 3.2 ± 0.5 Carlson 197485

3.6 ± 0.4 – 2.7 ± 0.3 – Carlson 19767

3.6 ± 0.04 2.8 ± 0.11 2.7 ± 0.08 3.2 ± 0.27 Lindinger 199514

Cl– mEq/L 99.8 ± 0.8 90.1 ± 1.1 84.5 ± 1.2 – Rose 198084

101.1 ± 2.4 – 93.3 ± 4.3 93.9 ± 6.8 Carlson 197485

101.1 ± 2.4 – 90.8 ± 4.8 – Carlson 19767

104.8 ± 0.6 100.9 ± 1.1 105.2 ± 1.6 101.6 ± 3.0 Lindinger 199514

iCa2+ mmol/L 1.8 ± 0.01 1.6 ± 0.05 1.6 ± 0.03 1.6 ± 0.03 Lindinger 199514

1.8 1.7 ± 0.04 Schott II 200186

tCa2+ mmol/L 3.1 ± 0.2 – 2.6 ± 0.2 2.7 ± 0.2 Carlson 197485

3.1 ± 0.2 – 2.9 ± 0.4 – Carlson 19767

tMg2+ mmol/L 0.78 ± 0.04 – 0.70 ± 0.08 0.74 ± 0.12 Carlson 197485

0.80 ± 0.08 – 0.86 ± 0.20 – Carlson 19767

HCO3
– mEq/L 25.4 ± 1.7 26.5 ± 3 25.8 ± 4.2 – Rose 19798

24.4 ± 0.4 26.4 ± 1 25.3 ± 1.4 – Rose 198084

29.5 ± 2.4 – 32.7 ± 2.3 – Carlson 19767

Total protein g/L 65 ± 7 76 ± 7 89 ± 11 – Rose 19798

67 ± 3 – 72 ± 6 67 ± 4 Carlson 197485

70 ± 4 – – 79 ± 7 Carlson 19767

65.5 ± 1.6 73.2 ± 1.3 72.4 ± 1.8 69.4 ± 2.8 Lindinger 199514

iCa2+, ionized calcium; tCa2+, total calcium; tMg2+, total magnesium.

Table 40.2 Plasma electrolytes concentrations (from jugular venous blood unless specified otherwise)
observed in horses competing in endurance rides (average ± SD, except Lindinger14 average ± SE)



The choice of oral versus intravenous fluid administration
or a combination of both should be based mostly on severity of
the clinical signs, but cost and manpower may be other con-

siderations. Oral fluid therapy may be considered in mildly
affected horses that may not drink sufficiently on their own. It
is generally recommended to administer isotonic electrolyte
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Before ride End Phase B End Phase C End Phase D Reference

Na+ mEq/L 139.0 ± 1.6 143.5 ± 2.7 141.5 ± 1.6 143.7 ± 2.9 Williamson 199687

137.6 ± 4.1 – – 143.5 ± 7.3 Andrews 199588

139 ± 2 – – 142 ± 2 Marlin 199519

135 ± 1.2 – – 134 ± 2.3 Hinchcliff 199589

140.2 ± 0.3 – 144.0 ± 0.5 – Ecker 199518

K+ mEq/L 3.5 ± 0.5 5.2 ± 0.7 4.2 ± 0.5 4.5 ± 0.7 Williamson 199687

3.6 ± 0.3 – – 4.2 ± 0.3 Andrews 199588

3.6 ± 0.4 – – 3.8 ± 0.3 Marlin 199519

4.0 ± 0.3 – – 3.9 ± 0.2 Hinchcliff 199589

3.7 ± 0.1 – 3.7 ± 0.1 – Ecker 199518

Cl– mEq/L 104.5 ± 1.2 104.4 ± 1.7 102.3 ± 1.7 102.4 ± 2.8 Williamson 199687

103 ± 5.3 – – 97.7 ± 5.5 Andrews 199588

99 ± 2 – – 96 ± 1 Marlin 199519

101 ± 1.9 – – 97 ± 1.8 Hinchcliff 199589

102.2 ± 0.6 – 102.7 ± 0.5 – Ecker 199518

tCa2+ mmol/L 3.1 ± 0.1 3.0 ± 0.1 3.0 ± 0.1 3.1 ± 0.2 Williamson 199687

3.2 ± 0.2 – – 3.3 ± 0.2 Andrews 199588

3.0 ± 0.1 – – 3.0 ± 0.2 Marlin 199519

3.0 ± 0.1 – – 2.9 ± 0.1 Hinchcliff 199589

iCa2+ mmol/L 1.7 ± 0.07 1.5 ± 0.07 1.5 ± 0.07 1.4 ± 0.1 Williamson 199687

1.7 ± 0.1 – – 1.4 ± 0.1 Andrews 199588

1.9 ± 0.05 – – 1.6 ± 0.1 Hinchcliff 199589

1.6 ± 0.02 – 1.2 ± 0.05 – Ecker 199518

tMg2+ mmol/L 0.75 ± 0.05 – – 0.72 ± 0.08 Marlin 199519

HCO3
– mmol/L 29.5 ± 0.7 – – 23.7 ± 3.1 Hinchcliff 199589

pH 7.37 ± 0.02 7.30 ± 0.06 7.42 ± 0.03 7.30 ± 0.09 Williamson 199687

7.40 ± 0.02 – – 7.31 ± 0.1 Andrews 199588

7.41 ± 0.03 – – 7.38 ± 0.05 Hinchcliff 199589

Total protein g/L 66.6 ± 5.6 75.9 ± 4.1 69.8 ± 4.0 77.6 ± 5.0 Williamson 199687

65 ± 4 – – 77 ± 5 Andrews 199588

65.7 ± 2.6 – – 74.9 ± 3.0 Marlin 199519

61.8 ± 2.6 – – 71.8 ± 3.3 Hinchcliff 199589

75.2 ± 1.3 – 79 ± 1.3 – Ecker 199518

iCa2+, ionized calcium; tCa2+, total calcium; tMg2+, total magnesium.

Table 40.3 Plasma electrolytes concentrations observed in horses competing in three-day event
competitions (average ± SD, except Ecker 199518 average ± SE)

1 liter 1 gallon (3.8 liters) Electrolyte Tonicity
composition
(mEq/L)

0.45% NaCl 4.5 g (0.16 oz) 17 g (0.6 oz, 1 tbsp) Na+ 77, Cl– 77 Hypotonic

0.9% NaCl 9 g (0.32 oz) 34 g (1.2 oz, 2 tbsp) Na+ 154, Cl– 154 Isotonic

Dr Carlson’s – 1 tbsp table salt + 1 tbsp Lite Na+ 107, K+ 28, Isotonic
formula3 salt in 4 liters Cl– 135

Dr Smith’s – 1 part CaCO3 (ground Na+ 96, K+ 75, Slightly
formula90 limestone) + 3 parts Lite salt; Cl– 154, Ca2+ 75, hypertonic

2 oz per gallon HCO3
– 25

Lite salt: mixture of KCl:NaCl at 50:50, Morton Lite salt mixture, Morton International, Rohm and Haas, Philadelphia,
PA, USA; tsp, teaspoon (5 ml); tbsp, tablespoon (15 ml); oz, ounce (28.35 g); 1 US gallon = 3.8 L.

Table 40.4 Composition and tonicity of homemade recipes for electrolyte solutions for nasogastric
administration



solutions at a rate of 6–8 L every 30–60 min via nasogastric
tube. Contraindications for oral fluid therapy are nasogastric
reflux and signs of colic. If the patient’s clinical condition does
not improve within the following 2–4 h, intravenous fluids
should be administered as soon as possible. Table 40.4 lists
some recipes for homemade isotonic solutions.

A balanced polyionic solution that is approximately iso-
tonic is recommended. To that effect, Carlson3 described the
following formula, which is similar in composition to elec-
trolytes lost in sweat and is close to isotonic:

Mix 1 level tablespoon of table salt (16.6 g NaCl) and 
1 level tablespoon of Lite salt (16.9 g of 50:50 mixture 
of NaCl:KCl) in 4 L (≈ 1 gallon) of water (Na+ 107 mEq/l,
K+ 28 mEq/l and Cl– 135 mEq/l, 270 mOsm/l).

The effect of tonicity, glucose supplementation and tempera-
ture of oral electrolyte solutions is discussed below under the
heading ‘Rehydration after exercise’.

Intravenous fluid therapy

Intravenous fluids are classified as crystalloids or colloids.
Crystalloid fluids are solutions containing electrolyte and
non-electrolyte solutes capable of distributing among the
body compartments. Colloid fluids contain large-molecular-
weight particles, which do not normally pass through capil-
lary membranes, and some smaller more diffusible particles.
Colloid fluids include dextrans, glucose polymer mixtures of
low (dextran 40) or high-molecular-weight (dextran 70 and
dextran 75), gelatins, modified bovine collagens (oxypoly-
gelatin), and hydroxyethyl starch preparations (hetastarch
and pentastarch). Colloid fluids are indicated in those
patients suffering increased capillary permeability and
hypoproteinemia. Exhausted and dehydrated athletic horses
will not generally require colloid fluids. Therefore, the follow-
ing discusses the administration of crystalloid fluids that are
used commonly in field situations for treatment of athletic
horses.

The ionic composition, pH and osmolality of commonly
used crystalloid fluids are presented in Table 40.5. The com-
position of polyionic fluids resembles that of extracellular
fluid. Note that Ringer’s solution and 0.9% saline solution
have a relative excess of sodium and especially chloride when
compared to extracellular fluid concentrations. Exhausted/
dehydrated horses generally have greater deficits of elec-
trolytes relative to water (i.e. hypotonic dehydration) because
fluid loss (sweat) is isotonic to slightly hypertonic and fluid
intake (fresh water) is hypotonic. Therefore, the relative
excess of sodium and chloride in Ringer’s and saline solutions
works to our advantage in treating exhausted/dehydrated
endurance horses.

Anions used as buffers in some fluids are added as a
source of base because their metabolism in the body yields
bicarbonate:

Lactate: C3H5O–
3 + 3 O2 → 2 CO2 + 2 H2O + HCO–

3

Acetate: C2H3O–
2 + 2 O2 → CO2 + H2O + HCO–

3

Horses involved in endurance rides and those in the cross-
country test (speed and endurance test, second day) of a
three-day event competition will commonly suffer substan-
tial fluid and electrolyte depletion, and hypochloremic meta-
bolic alkalosis is the characteristic acid–base disorder. On
occasion, in an attempt to dissipate heat, some horses have
persistently elevated respiratory rate, which may lead to
hypocapnia (low CO2 tension in the blood) and mixed respi-
ratory and metabolic alkalosis. Therefore, the primary goal is
to correct the volume deficit with chloride-rich fluids, such as
Ringer’s solution or 0.9% saline solution supplemented with
potassium and calcium. A suggested amount of calcium sup-
plementation is 10–20 mL of 23% calcium gluconate per
liter of saline solution (10–20 mEq Ca2+/L or 5–10 mmol
Ca2+/L). It is contraindicated to administer potassium at rates
higher than 0.5 mEq/kg/h because of potential for cardio-
toxicity. Unless cardiovascular function is closely monitored,
potassium supplementation in intravenous fluids should not
exceed 15–20 mEq/L. Ringer’s solution is preferred over lac-
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Na+ K+ Cl– Ca2+ Mg2+ Buffer* pH mOsm/L
(mEq/l) (mEq/l) (mEq/l) (mEq/l) (mEq/l) (mEq/l)

0.9% NaCl 154 0 154 0 0 0 5.0 308
Dextrose 2.5% in 77 0 77 0 0 0 4.5 280

0.45% NaCl
Ringer’s solutiona 147 4 156 4 0 0 5.5 310
Lactated Ringer’s 130 4 109 3 0 28 (L) 6.5 274

solutionb

Plasma-Lyte Ac and 140 5 98 0 3 27 (A) 7.4 294
Normosol-Rd

* Buffers used: lactate (L), acetate (A).
a Ringer’s injection,Abbott Laboratories,Abbott Park, IL, USA.
b Lactated Ringer’s injection,Abbott Laboratories,Abbott Park, IL, USA.
c Plasma-Lyte A, Baxter Healthcare Corp, Deerfield, IL, USA.
d Normosol-R,Abbott Laboratories,Abbott Park, IL, USA.

Table 40.5 Electrolyte composition of selected common sterile intravenous fluids



Infusion rate (mL/s) = × × × 

� 1.5 mL/s

The flow rate can be estimated by counting the number of
drops/s in the drip chamber of the administration set. Most
fluid administration sets commercially available for large
animals deliver 10 drops/mL. In practical terms, to adminis-
ter 5–10 L/h simply requires full open intravenous adminis-
tration through a 14-gauge catheter placed in one or both
jugular veins. For exhausted horses with hypovolemic shock,
large-bore catheters (10–12 gauge) and wide-bore adminis-
tration sets that allow rapid intravenous fluid administration
(up to 30–40 L in 1–2 h) are recommended for resuscitation.

Prevention

Horses competing in endurance exercise events develop sub-
stantial body fluid losses, mostly in the form of water and
electrolytes lost in sweat, which is manifest as a 3–6% loss in
bodyweight by the end of the competition.13–18 In addition,
weight loss persists after an overnight recovery period, which
may be detrimental for horses performing multiday events. In
an attempt to decrease the risk of thermoregulatory failure
consequent to dehydration and to enhance recovery of
horses performing endurance-type exercise it has been rec-
ommended to supplement electrolytes in drinking water, with
concentrate feeds or as hypertonic oral pastes. These and
other strategies are discussed below.

Strategies of water and electrolyte
replacement/supplementation before,
during, and immediately after exercise
Before exercise In horses performing strenuous pro-
longed exercise, administration of isotonic oral electrolyte
fluids via nasogastric tube prior to exercise has been advo-
cated to maintain adequate levels of hydration during
exercise and in an attempt to improve cardiovascular and
thermoregulatory function during exercise. In man, hyper-
hydration prior to prolonged exercise results in better cardio-
vascular function and heat dissipation than if exercise is
performed in the euhydrated state.21 However, the benefits of
pre-exercise fluid loading in horses in controlled laboratory
conditions have been equivocal. In a recent study of hyper-
hydration on physiological strain of horses exercised in the
heat, administration of 10 L of water or isotonic carbohy-
drate–electrolyte solution before and between two 45-min
bouts of trotting exercise, when compared to no fluid,
resulted in maintained cardiovascular function and sweating
rate and decreased heat storage.22 The effect of fluid adminis-
tration was observed during the second bout of exercise and
was attributed to maintenance of euhydration by oral fluid
replacement.22 In a series of laboratory studies, Sosa León et
al determined the effect of oral electrolyte fluid adminis-
tration prior to either a 90-min bout of trotting exercise 
or a standardized exercise test (SET) intended to simulate 
the second day of a three-day event.23–25 Administration of
≈ 26 L of isotonic electrolyte fluid prior to SET, or ≈ 18 L of

1 min
60 s

1 h
60 min

1000 mL
1 L

32 L
6 hours

tated Ringer’s solution because, as mentioned above, lactate
is metabolized to bicarbonate and may have an alkalinizing
effect, which is contraindicated in an already alkalotic
patient. However, in dehydrated horses the volume of fluid
administered is more important than the actual acidifying/
alkalinizing nature of the fluid, and one should not forego
fluid administration if the only available fluids are alkaliniz-
ing, such as lactated Ringer’s solution.

Volume of intravenous fluids and rate of
administration

In general, calculation of the volume of intravenous fluids to
administer is based on estimation of daily maintenance
requirements, current fluid deficits, and assessment of
ongoing losses. However, in practical terms, maintenance
requirements and ongoing losses can be ignored in
exhausted/dehydrated horses unless the horse develops diar-
rhea, ileus with abundant nasogastric reflux, or polyuric
renal failure. The goal of intravenous fluid therapy in
exhausted/dehydrated horses is to replace water and elec-
trolyte deficits to improve cardiovascular function and allow
the horse to regain homeostasis, and to stimulate normal
food and water intake.

Horses engaged in prolonged strenuous exercise events,
like endurance competitions of 80 to 160 km or more, are
reported to lose 4–8% of body weight (as much as 10% in a
few horses) during the competition.9,13–15 Horses under-
taking the speed and endurance test of a three-day event or a
combined test may lose an average of 2–4% of body weight,
which increases to up to 6–9% in a few horses in certain
competitions.16–19 However, sweating rates and consequently
fluid and electrolyte losses depend upon environmental
conditions, and horses exercising in hot or hot and humid
conditions develop greater deficits when compared to more
temperate conditions.20 If 90% of the body weight loss is fluid
loss, then an estimated 20–40 L of fluids are lost in a 450-kg
horse (≈ 1000 lb) (Table 40.6). A simple estimation of the
fluid deficit can be calculated as:

Fluid deficit (L) = % dehydration × body weight (kg)

The rate of administration will be calculated as the fluid
deficit divided by the duration of i.v. infusion. If one is to
replace the volume deficit in 6–12 h the infusion rates will be
0.5–2.5 mL/s, depending on fluid deficit and duration of
infusion. For example, if we intend to replace fluid deficits in
a 450-kg horse with 7% dehydration over 6 h:

Fluid deficit (L) = 7% × 450 kg = 32 L
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% dehydration 350 kg 400 kg 450 kg 500 kg 550 kg

5% 18 L 20 L 23 L 25 L 28 L
7% 25 L 28 L 32 L 35 L 39 L
9% 32 L 36 L 41 L 45 L 50 L

Table 40.6 Fluid deficits (L) depending on body weight (kg) 
and estimation of dehydration (%)



hypotonic carbohydrate–electrolyte solution prior to trotting
exercise, when compared to no fluid, resulted in maintained
plasma volume but cardiovascular (i.e. cardiac output, stroke
volume) and thermoregulatory (i.e. core temperature) func-
tion were not improved, and fluid administration resulted in
arterial hypoxemia. Marlin et al26 showed that administra-
tion via nasogastric tube of 4 L of isotonic fluids to resting
horses caused a modest plasma volume expansion when
compared to administration of same volume of water. How-
ever, administration of the same isotonic electrolyte solution
prior to a 40-min low-intensity treadmill exercise bout did
not alter the exercise-induced plasma volume expansion.26

Relevant differences between the study by Geor et al22 and the
rest of the previous studies are that oral fluids were adminis-
tered not only before but also in between two bouts of exer-
cise and, more importantly (and unlike the rest of the
studies), horses exercised in hot environment. Therefore, the
purported beneficial effect of hyperhydration before exercise
on thermoregulatory and cardiovascular function may be
more critical in the heat when heat dissipation is most
dependent on sweat evaporation. In summary, the benefits of
fluid loading prior to exercise have not been clearly estab-
lished in horses, and direct measurements of exercise per-
formance have not been performed.

The efficacy of hyperhydration in human subjects is
limited when water or hypotonic carbohydrate–electrolyte
solutions are ingested due to rapid renal excretion of excess
fluid. Administration of solutions containing glycerol is
another strategy that has been studied in order to induce a
state of hyperhydration before exercise. In resting human
subjects and in horses, glycerol administration induces a
state of hyperhydration by enhancing fluid retention due to
delayed urinary excretion of the excess fluid.27,28 However,
using glycerol, rather than water, as the liquid base to mix
sodium chloride and potassium chloride administered during
and after exercise is no more effective than electrolytes alone
in maintaining euhydration during endurance exercise in
horses.29,30

Administration of a salt supplement and free access to
water prior to exercise may be a practical alternative to intra-
gastric administration of electrolyte solutions. Coenen et al31

reported greater water intake during and after a 2-h treadmill
exercise bout when horses were fed a salt supplement prior to
exercise. Similarly, Schott et al30 reported that administration
of salt pastes before and during a 60-km simulated
endurance resulted in greater water intake and lower body
weight loss.
During exercise Allowing horses to drink salt water
during and/or immediately after exercise appears to be
beneficial because it enhances total fluid intake during the
early recovery period and attenuates the magnitude of
weight loss observed during the overnight recovery.32,33 In a
recent laboratory study, horses received furosemide 2 h prior
to a 45-km (28-mile) treadmill exercise bout.32 The combined
effect of diuretic administration and endurance exercise
resulted in bodyweight losses of 5.2–5.7% (20–22 kg or
approximately 18–20 L), which is similar to that observed in
competitive endurance rides.15 When horses were offered

water, 0.45% saline, or 0.9% saline immediately after exer-
cise and then given free access to water, total fluid intake
during the first hour after exercise was 11.4 L, 16.6 L, and
18.5 L, respectively.32 However, these interventions did not
result in complete replacement of fluid deficits by the next
day. Therefore, it appears to be beneficial to offer salt water
(0.9% NaCl, 9 g in 1 L water, 1.2 oz [2 level tablespoons] in
1 US gallon), rather than fresh water, immediately after exer-
cise to stimulate a greater water intake during the recovery
period.

Electrolytes can be supplemented by mixing them in grain,
beet pulp or pelleted feeds, or by direct oral administration
instead of offering salt water during or immediately after
exercise, which may not be accepted by some horses.
Endurance riders commonly supplement their horses with
electrolytes as a top dressing on grain or as an oral paste.
Electrolyte supplementation as an oral paste before and
during a simulated 60-km (37.5-mile) endurance ride on a
treadmill resulted in attenuated weight loss after exercise due
to greater voluntary water intake during and after the ride.
Furthermore, bodyweight loss recovered by 48 h after exer-
cise in supplemented horses, whereas the bodyweight of non-
supplemented horses remained decreased.29,30 In this study,
total electrolyte supplementation in horses of mean body
weight of 370 kg was 75 g of potassium chloride and 150 g
of sodium chloride (≈ 2500 mEq Na,+ ≈ 1000 mEq K,+ and ≈
3500 mEq Cl–) given as smaller doses divided before and
during treadmill exercise. This supplementation regimen was
estimated to replace electrolyte losses in 20–25 L of
sweat.29,30 Similarly, Coenen et al31 reported greater water
intake during and after a 2-h treadmill exercise bout when
horses were fed a salt supplement prior to exercise that pro-
vided one-half of the sodium and chloride and one-fifth of
the potassium administered in the study of Schott et al.30

Some field studies have attempted to address the effect of
oral electrolyte supplementation during endurance rides.
During a 62-km endurance ride, horses were offered either
water, water and a salt paste (30 g NaCl), or a 0.9% saline
solution at 20-km, 42-km, and the end of the ride.33 Total
fluid intake was highest and body weight loss was lowest
when horses were offered 0.9% saline solution during and
immediately after the ride. Administration of salt paste had
an intermediate effect but the amount of sodium chloride
administered in this manner was also half as much as that by
the 0.9% saline drink. Ralston et al34 investigated the effect of
oral electrolyte administration during a 96-km endurance
race. In this study, a 60-g oral paste (1.6 g NaCl, 3 g K+, 0.9 g
Ca2+ per dose; the rest was amino acids and molasses) was
given the night before and at 19 and 50 km during the race.
The authors reported that supplemented horses recovered
slightly faster at the 50-km checkpoint, and serum potassium
concentration decreased to a lesser extent in supplemented
horses.34 However, interpretation of this study is complicated
by the low number of unsupplemented horses (3 not supple-
mented versus 14 supplemented) and the relatively low elec-
trolyte content of the product used.
Rehydration after exercise The composition and tem-
perature of oral electrolyte solutions have been shown to
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influence fluid absorption in man.35,36 Similarly, the effective-
ness of oral rehydration solutions given to horses via naso-
gastric tube after exercise or after diuretic-induced isotonic
dehydration depends on the nature of the fluid.37–39 It is
generally recommended in horses to administer water with
electrolytes with or without carbohydrates as an isotonic
solution, rather than water alone.

It has been observed in humans that fluid absorption is
optimal if the oral electrolyte solution is hypotonic, contains
glucose, and is below room temperature.36,40 Addition of
glucose to electrolyte solutions for oral rehydration in human
athletes appears to enhance electrolyte absorption. This effect
is argued to be due to the mechanism of sodium absorption in
the small intestine. Sodium is absorbed in the small intestine
coupled to absorption of glucose. Sodium absorption is an
active process mediated by the concentration gradient gener-
ated by Na+, K+-ATPase pumps that maintain low intracellu-
lar sodium and high extracellular sodium concentrations.
Sodium in the intestinal lumen is absorbed by facilitated dif-
fusion with a transport protein that cotransports glucose and
sodium. Therefore, glucose in the intestinal lumen facilitates
intestinal sodium absorption. Absorption of chloride follows
sodium due to the electrical gradient generated by sodium
absorption. However, addition of glucose to oral electrolyte
solutions in horses dehydrated by furosemide administration
does not facilitate fluid and electrolyte absorption.38,39

Several models of dehydration have been used to study
rehydration strategies. These include controlled treadmill
exercise, the administration of the loop diuretic furosemide,
and a combination of the furosemide administration and
exercise. Although it has been argued that the isotonic
dehydration induced by furosemide administration mimics
exercise-associated fluid and electrolyte disturbances, it
should be realized that the overall physiologic perturbations
are quite different. Nonetheless, the furosemide model has
provided some insight into the effectiveness of different rehy-
dration solutions. For example, in horses dehydrated by
administration of furosemide, hypertonic electrolyte solutions
(628 mOsm/kg) appear to delay gastric emptying and impair
electrolyte absorption, possibly due to the drawing of water
into the gut.39 However, gastric emptying and fluid absorption
is not altered when isotonic fluid is administered at tem-
peratures of 5–37°C (41–98.6°F).39 Concerning exercise
studies, Hyyppä et al41 administered either 8 L of isotonic car-
bohydrate and electrolyte solution or water to horses after
treadmill exercise intended to simulate the second day of a
three-day event. Compared to water alone, the carbohy-
drate–electrolyte solution resulted in better recovery of body
weight and lower body weight loss in a subsequent exercise
bout the following day.41 Administration via nasogastric tube
of 6 L of isotonic carbohydrate–electrolyte solution immedi-
ately after 40-min of low-intensity treadmill exercise resulted
in plasma volume expansion when compared to administra-
tion of same volume of water.37 In summary, administration
of and oral isotonic rehydration solution after exercise, when
compared to water administration or no fluid, results in more
effective rehydration and lower weight losses in a subsequent
bout of exercise.

Administration of oral electrolyte pastes to horses with
free access to water may be an equally effective and more
practical form of rehydration after exercise, when compared
to the administration of isotonic fluids via nasogastric tube or
allowing horses to drink salt water. The effects of electrolyte
paste administration on rehydration after furosemide-
induced dehydration has been studied.42,43 Diuretic-induced
dehydration caused a body weight loss of 4.1–5.2%. The
administration of 0.5 g/kg of NaCl or 0.25 g/kg of NaCl plus
0.25 g/kg of KCl or 0.3 g/kg of NaCl plus 0.1 g/kg of KCl 
in these horses increased voluntary water intake and
improved rehydration when compared to no oral electrolyte
administration.42,43

Diet, fiber content and the large intestine 
as a fluid and electrolyte reservoir

It is generally accepted that the large intestine functions as a
reservoir of fluid and electrolyte for horses engaged in pro-
longed exercise. However, there is a paucity of direct meas-
urements or estimations of the volume of fluid and electrolyte
content in the large intestine, as well as a quantitative assess-
ment of the contribution of fluid and electrolyte absorption
from the large intestine during exercise or in the recovery
period. Methodological limitations are probably the main
reason for our limited knowledge of fluid and electrolyte con-
tents of the different body compartments. Estimations of the
major components of the extracellular fluid are: plasma
(4–6% of bodyweight), interstitial and lymph fluid (8–10% of
bodyweight) and transcellular fluids (6–10% of bodyweight),
the largest component of which is the gastrointestinal fluid.44

However, only extracellular fluid volume and plasma volume
can be measured in the living horse. A limited number of
studies have determined the water or gastrointestinal content
of ponies and a small number of horses at post-mortem.
From these studies one can estimate the water content in the
large intestine of the horse to be 8–18% of the bodyweight,
depending on diet and the time between feed ingestion and
euthanasia. It is also important to note that the large intes-
tine of 150-kg ponies has a higher water content (as a per-
centage of body weight) compared to 500-kg horses.45–48 In
a recent study, Warren et al49 obtained direct measurements of
extracellular fluid volume (226 mL/kg) and plasma volume
(55 mL/kg) and estimated the gastrointestinal fluid volume of
550-kg horses to be 47–54 L (9–10% of bodyweight) assum-
ing that interstitial fluid accounted for 8% of the bodyweight.

The amount of dietary fiber is thought to influence the size
of a horse’s large intestinal fluid reservoir. In 100–300-kg
ponies, Meyer et al50 demonstrated that feeding a high-fiber
diet (hay), when compared to low-fiber diet (complete feed
made with grains, bran, and beet pulp), resulted in greater
water and electrolyte content in the large intestine (183 and
101 mL water/kg bodyweight, and 398 and 212 mg Na+/kg
bodyweight in high- and low-fiber diets, respectively).
However, in the study by Warren et al49 dietary fiber content
did not significantly alter large intestinal water content (99
versus 86 mL water/kg bodyweight in high- versus low-fiber
diet, respectively). Meyer et al46 also described that, when
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comparing five paired groups of exercised ponies and rested
ponies on the same diet, low intensity exercise (2.8–3.3 m/s
for 1–3 h) resulted in absorption from the gastrointestinal
tract of 22 ± 7 (mean ± SD) ml of water, 43 ± 30 mg Na+ and
23 ± 14 mg Cl– per kg of bodyweight. These averages extra-
polated to a 450-kg horse would suggest that during exercise
≈ 10 L of water, ≈ 19 g Na+ (840 mEq Na+), ≈ 10 g Cl–

(290 mEq Cl–) may be absorbed from the ≈ 45 L present in the
gastrointestinal tract.

In summary, based on the limited data available at this
time, it appears that water and electrolytes absorbed from the
gastrointestinal tract of non-supplemented horses may play
an important role during exercise but that quantitatively the
amounts absorbed are at best modest compared to losses in
the form of sweat. As an example, estimated losses in sweat
during an exercise bout lasting 2 h are ≈ 20 L of fluid and
≈ 58 g Na+ [2500 mEq Na+], ≈ 106 g Cl– [3000 mEq Cl–] 
and ≈ 27 g K+ [680 mEq K+], which is two-fold, three-
fold and 10-fold higher than the amounts of water, sodium
and chloride, respectively, that are potentially available by
absorption from the gastrointestinal tract.

Electrolyte requirements in athletic horses

The electrolyte requirements of adult horses vary widely
depending upon the level of physical activity. Horses per-
forming protracted exercise bouts may lose large amounts of
Na+ and Cl– because their sweat has a high NaCl content,
similar to that of plasma (Table 40.7). In addition, as the
sodium and chloride content of horse feedstuffs is low, salt
supplementation is required to offset sodium and chloride
losses in sweat. In contrast, potassium losses in sweat are
lower and some feedstuffs (i.e. most forages) have a high

content of potassium, which makes potassium balance less of
a concern.

Electrolyte supplementation is generally provided by
giving free access to a salt block. However, it has been shown
that there is great individual variation of voluntary sodium
intake from a salt block. In a study using Standardbred trot-
ters in racetrack training, total sodium intake of some horses
did not even meet the suggested maintenance requirement 
of 20 mg/kg/day (10 g of sodium or 25.4 g of table salt 
in a 500-kg horse).51,52 In contrast, Houpt et al53 found 
that salt intake from salt blocks was excessive (over 100 g) in
furosemide-treated horses. It appears that salt intake in
horses may not be closely regulated to balance losses.
Therefore, it has been recommended to provide supplemental
loose salt in the diet rather than allow horses to compensate
for their electrolyte losses by voluntary intake from salt
blocks.

Few studies have addressed the requirement of electrolytes
based on dietary intake and direct measurements of electro-
lyte losses in sweat during training and performance exercise.
Although dietary intake can be measured easily, it is more
difficult to make a complete assessment of ongoing fecal and
urinary losses to account for stimulation of compensatory
mechanisms. Some studies have attempted to estimate ion
losses based on changes in extracellular fluid volume and
plasma electrolyte concentrations, but this approach under-
estimates ion losses in sweat by over 50% when compared to
direct measurement of sweating rates and sweat electrolyte
concentrations.54 Studies that have measured sweat ion
losses during training in various environmental conditions
and exercise bouts intended to simulate the second day of a
three-day event and prolonged low-intensity exercise have
demonstrated that a balanced ration and appropriate ion
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Maintenance Slight loss Moderate loss Intense loss Reference
(≤ 5 L sweat) (10–15 L sweat) (≥ 20 L)

Na+ 20 60 68–75 – Ott 198991

20 40 100 250 Meyer 198792

20 50 80–120 140–170 Jansson 2002*
K+ 50 62 75–100 – Ott 198991

50 60 88 150 Meyer 198792

Cl– 30 – – – Ott 198991

20 50 140 350 Meyer 198792

30 75 130–180 210–260 Jansson 2002*
Ca2+ 40 50 60 80 Ott 198991

50 52 58 68 Meyer 198792

Mg2+ 15 19 23 30 Ott 198991

20 22 28 30 Meyer 198792

* A Jansson, personal communication, 2002.
Slight loss (≤ 5 L sweat), e.g. 30 min of trotting in summer.
Moderate loss (10–15 L sweat), e.g.Thoroughbred and Standardbred training and racing in temperate climates.
Intense loss (≥ 20 L), e.g. speed and endurance of three-day event in summer and endurance rides.
Note: horses suffering moderate and intense sweat losses should receive above amounts as salt supplements in days of
exercise. Otherwise they should receive maintenance requirements. Fresh water should always be available, especially
when salt is supplemented.

Table 40.7 Suggested electrolyte requirements (mg/kg bodyweight daily) of adult horses depending 
on physical activity and sweat losses



supplements can replace sodium and chloride losses in sweat.
McCutcheon et al54 demonstrated that dietary intake of
sodium, potassium, and chloride was adequate to replace daily
electrolyte losses due to sweating during training in hot and cool
conditions when the diet of 450-kg horses was supplemented
with a salt supplement that provided 40 g sodium, 26 g of
potassium, and 84 g of chloride. However, these same horses,
when performing a simulated speed and endurance test of a
three-day event in hot environment, had sodium losses more
than twice those incurred during more temperate conditions
and about 30% higher than the sodium daily intake.

In summary, continued salt supplementation in the form of
salt water, oral electrolyte pastes, or electrolytes top-dressed on
the ration appears to be necessary in athletic horses because of
increased requirements related to loss of electrolytes in
sweat.32,54 A number of commercial electrolyte supplements

and homemade recipes are available to supplement the diet of
horses that sweat profusely during training and competition.
However, the composition of such products is very different and
one should carefully examine the composition before choosing
any one product (Table 40.8). It is rather common to recom-
mend the addition of 50–75 g (1.8–2.6 oz) of common table
salt to the diet of horses exercised heavily in hot environments.

Etiology and pathophysiology

Dehydration will occur during exercise as a consequence of
sweating. Sweating allows heat dissipation during exercise,
however, protracted fluid losses can result in compromised
cardiovascular function, which impairs thermoregulatory
function and may eventually lead to fatigue or exhaustion if
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Product Na+ K+ Cl– Ca2+ Mg2+ Dose
g (mEq) g (mEq) g (mEq) g (mEq) mg (mEq) g [oz]

A and C 2.3 (99) 0.4 (9.4) 4.2 (119) 0.2 (11) 10 (0.8) 57 [2]
B 4.7 (205) 2.5 (65) 9.6 (270) 0.7 (36) 46 (3.8) 28.4 [1]
D and E 11 (481) 7.3 (188) 24 (671) 1.5 (75) 153 (13) 57 [2]
F 5.3 (230) 9.4 (241) 20 (556) 1.8 (90) 114 (9.4) 45 [1.6]
G 13 (569) 10 (268) 28 (802) 2.2 (110) 192 (16) 60 [2.1]
H 5.9 (256) 10 (269) 22 (619) 2 (100) 490 (40) 50 [1.8]
I 16 (683) 6.3 (161) 24 (683) 0.3 (14) 228 (19) 57 [2]
J 10 (436) 3 (77) 18 (520) 1.0 (51) 1020 (84) 60 [2.1]
K 7.6 (329) 3.5 (91) 15 (420) 0.3 (15) 15 (1.2) 60 mL [2.1 fl oz]
L 16 (684) 3.7 (94) 28 (778) 1.5 (75) 1500 (123) 60 [2.1]
M 87 (3764) 0 (0) 133 (3764) 0 (0) 0 (0) 220 [7.8]*
Flaminioa 5.4 (235) 2.4 (61) 10.5 (296) 0.3 (14) 92 (7.6) 20 [0.7]
Bryantb 12 (513) 7.9 (201) 25 (715) 6 (300) 0 (0) 57 [2]
Frazierc 5.6 (244) 7.5 (191) 15 (435) 5.7 (285) 8.6 (707) 57 [2]

Note: products included in this table are examples of commercially available electrolyte supplements indicated for
athletic horses.The author does not specifically recommend any product listed (or not listed) in this table.The author
thanks Dr David Poole (UK), Dr Peter Huntington (Australia), and Dr Anna Jansson (Sweden) for assisting with
product information.
A: Electrolyte Supplement, First Priority, Elgin, IL, USA.
B: Endura-Lyte, Life Science Products, Butler, St Joseph, MO, USA.
C: Equi-Phar Equi-Lyte Powder,Vedco, St Joseph, MO, USA.
D: Endura-Max, Kentucky Equine Research Inc,Versailles, KY, USA.
E: Equivit Restore, Kentucky Equine Research Inc (Australasia), Brighton,Victoria,Australia.
F: Humidimix,VetSearch International, Peakhurst, New South Wales,Australia.
G: Electrolyte Replacer, Ranvet Pty Ltd, East Botany, New South Wales,Australia.
H: Humilyte,Troy Laboratories, Smithfield, New South Wales,Australia.
I: Electro-Dex, Horse Health Products Ltd, Pulborough,West Sussex, UK.
J: Surelyte, Dodson and Horrell Ltd, Ringstead, Northamptonshire, UK.
K: Hidrahorse, Esteve Veterinaria, Barcelona, Spain.
L: Rehalyt Basic, Eclipse Biofarmab, Hiskullevägen, Hishult, Sweden.
M: Kraaft salt, Kraaft, Sweden.
* Recommended total amount to be given divided in smaller doses.
a Flaminio93 and personal communication Flaminio 2002. Preparation: 3 parts NaCl, 1 part KCl, 1/4 part of calcium
(calcium acetate) and 1/8 part of magnesium (magnesium citrate) dosed as 20 g [0.7 oz] before ride, every 30 km and
after ride.
b Bryant, 1993, personal communication in Schott.95 Suggested preparation by author (EJC): 1 part of NaCl, 2 parts of
Lyte salt (NaCl:KCl of 50:50), 1 part of calcium carbonate, dosed as 57 g [2 oz] increments.
c Frazier.94 Preparation: 2 parts of Lyte salt (NaCl:KCl of 50:50), 1 part of calcium carbonate and 1 part of magnesium
oxide dosed as 57 g [2 oz] at each veterinary checkpoint.

Table 40.8 Comparison of the electrolyte content of selected commercially available electrolyte
supplements and homemade recipes when administered at the recommended dose
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Na+ K+ Cl– Ca2+

(mEq/L) (mEq/L) (mEq/L) (mmol/L)

Plasma 132–146 3.0–5.0 98–110 2.8–3.4
Sweat20 117–134 26–42 142–156 2–3
Muscle, horses

mEq or mmol/kg dw (ww)60 40 (10) 305 (76.3) 120 (30) 10 (2.5)
mEq/L59 147
mEq/kg wet weight61 91
mEq/kg dw (ww)62 222 (74)

Muscle, humans mEq/L63 10 142 4 2

Gottlieb-Vedi et al60 and Wilson et al62 reported as values in dry weight (dw), transformed to wet weight (ww) 
values by dividing by 4 (water of muscle is ∼ 750 mL/kg, therefore 1 kg of dry weight is 4 kg of wet weight).

Table 40.9 Electrolyte composition (in mEq/L) of horse plasma, sweat and skeletal muscle

450kg

ECFV 100 L
ICFV 200 L

Body contents
Na+ 16 000 mEq
K+ 30 000 mEq
Cl– 11 300 mEq

~
~
~

405kg
Sweat loss 38 L
ECFV 70 L
ICFV 192 L

Losses in sweat
Na+ 4 800 mEq
K+ 1100 mEq
Cl– 5 700 mEq

~
~
~

428kg
Sweat loss 19 L
ECFV 85 L
ICFV 195 L

Losses in sweat
Na+ 2 400 mEq
K+   650 mEq
Cl– 2 850 mEq

~
~
~
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Fig. 40.1
Estimates of fluid and electrolyte losses during an 80-km (50-mile) endurance ride. ECFV, extracellular fluid volume; ICFV,
intracellular fluid volume. (Adapted from Schott and Hinchcliff57 with permission).



fluid and electrolyte losses are not replaced. We should prob-
ably keep in mind that evolution has equipped the horse to
maintain body temperature during short sprints, although
hyperthermia can occur with short bouts of exercise.
However, no wild or feral horse will run several hours at high
speeds, as we force endurance horses to do.

Rehydration becomes necessary after prolonged exercise
or after episodes of water deprivation and intense sweating,
as may occur during transportation in summer months.
Effective rehydration may improve performance and reduce
the risk of illness in subsequent exercise events. It is well
established in horses that hypertonic dehydration due to
water deprivation and isotonic dehydration due to furosemide
administration will impair thermoregulation during a subse-
quent low-intensity treadmill exercise bout even in favorable
ambient temperature and humidity (21–22°C, 25–40%).55

In both forms of dehydration, the sweating rates were similar
to the euhydrated state but heat transfer from the core to the
periphery was decreased in horses dehydrated prior to exer-
cise when compared to euhydrated state which was hypothe-
sized to be caused by decreased blood flow to the skin.55 This
hypothesis is supported by the observation of decreased
plasma volume during exercise in dehydrated horses com-
pared to the euhydrated state.56

Losses of fluid and electrolytes in sweat during prolonged
strenuous exercise induce a state of isotonic dehydration
because electrolyte concentrations in sweat are similar to
those in plasma (Table 40.9). Because an increase in plasma
osmolality is a more potent stimulus for thirst than hypo-
volemia, a thirst response is not triggered until a significant
state of dehydration occurs. This concept is referred to as
‘involuntary dehydration’, a state in which mild to moderate
dehydration (2–5%) develops without triggering voluntary
water consumption. Although involuntary dehydration has
not been well documented in horses, it is commonly observed
that endurance horses drink little during the first half of a
ride.

Figure 40.1 shows estimates of fluid and electrolytes losses
in horses during low-intensity protracted exercise (e.g. 80-km
[50-mile] endurance ride). Note that the magnitude of these
deficits is poorly reflected by changes in plasma concentrations
of electrolytes due to the nature of the losses. The following

assumptions were used to calculate total fluid and electrolyte
deficits during a 50-mile ride:

● a 450-kg horse has lost 5% of the bodyweight (BW)
(22.5 kg) at the 25-mile checkpoint and 10% of BW
(45 kg) at the end of the ride

● total body water (TBW) is 666 ml/kg of body weight (BW),
extracellular fluid volume is 222 mL/kg BW, intracellular
fluid volume is 444 mL/kg BW, and plasma volume is
5 mL/kg BW

● 100% of the bodyweight losses represent body water losses
(which includes urinary, fecal, respiratory, and sweat
losses)

● after accounting for water and feed consumption, and
losses in urine, feces and via the respiratory tract sweat
fluid losses were 85% of body water losses, as described by
Kingston et al58

● similarly to values reported in Table 40.2, plasma sodium
and potassium concentrations did not change and plasma
chloride concentration decreased from 105 mEq/L to
100 mEq/L by 40 km (25 miles) and to 95 mEq/L by 
80-km (50 miles)

● sweat, and intramuscular potassium concentrations are as
reported by McCutcheon & Geor20 and Pickar et al59 (see
Table 40.9)

● intracellular electrolyte concentrations are assumed to be
equal to those measured intramuscularly.

Note that intramuscular K+ concentrations reported by
Gottlieb-Vedi et al,60 Johnson et al,61 and Wilson et al62 appear
to be excessively low and intramuscular Cl– concentrations
excessively high when compared to well-established values in
other species,63 therefore intramuscular Na+ and Cl– concen-
trations were used from Rose63 and intramuscular K+ concen-
trations were used from Pickar et al59 (see Table 40.9).

Epidemiology

After lameness, metabolic conditions (dehydration, synchro-
nous diaphragmatic flutter, exhaustion, etc.) are the most
common medical reason for elimination of horses from
endurance events. As an example, 10–30% of non-finishing
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Year/no. horses % Non-finishers % Lame % Metabolic % Rider % Over time

2002/216 57 32 30 21 17
2001/225 60 60 15 19 6
2000/259 51 67 21 19 17
1999/224 49 61 10 17 12
1998/219 45 59 22 9 9

From:Tevis Cup Ride Home Page (www.foothill.net/tevis).
Note: Non-finishers, horses that did not complete the race; lame, horses disqualified due to musculoskeletal injury;
metabolic, horses disqualified due to dehydration, synchronous diaphragmatic flutter, or other medical condition; rider,
horses removed from competitions by rider’s decision; over time, horses disqualified at a checkpoint due to being over
time.

Table 40.10 Completion rates and causes of disqualification in the Tevis Cup



horses in the Tevis Cup have been disqualified during the last 5
years because of metabolic reasons (Table 40.10). The Tevis
Cup is a one-day 160-km (100-mile) endurance race that takes
place in the Sierra Nevada mountains of California. The com-
pletion rate in the Tevis Cup during the last 20 years has varied
between 40–66%. The number of horses starting the race
during the last 20 years has varied between 157 and 271.

In a study of the reasons for elimination in endurance
competitions that take place in Europe and in Arabic coun-
tries (n = 7117 horses) it is reported that, on average, lame-
ness accounts for 63% of the disqualifications and metabolic
conditions account for 24%.64 Endurance competitions of
80–110 km were reported to have the highest percentage of
horses disqualified due to metabolic conditions (37%).
However, some competitions that take place in Arabic coun-
tries may pose a greater metabolic challenge to endurance
horses, as reflected by 68% of the disqualified horses suffer-
ing some metabolic condition,64 perhaps a reflection of
higher racing speeds and harsher environmental conditions.

Complications associated with
exercise-induced dehydration and
electrolyte imbalance

Acute renal failure

Due to decreased renal perfusion and ischemia, horses may
develop renal tubular damage. This condition is discussed in
more detail on page 913.

Cardiac dysrhythmias

Horses subjected to exhaustive endurance exercise may occa-
sionally develop atrial fibrillation or ventricular premature
depolarizations.4,65 It is well described that alteration in elec-
trolyte gradients across cellular membranes may alter mem-
brane resting potential or excitation threshold (see Fig. 40.3
and the rest of the section ‘Synchronous diaphragmatic
flutter’). The electrolyte and acid–base disturbances associ-
ated with exhaustive exercise apparently result in abnormal-
ities of impulse generation in the sinus node or impulse
conduction across the atrial myocardium. Cardiac dysrhyth-
mias seen in athletic endurance horses generally respond
rapidly to cessation of exercise and intravenous administra-
tion of fluids to replace fluid and electrolyte deficits.4

Laminitis

Some horses with exercise associated dehydration/exhaustion
may initially respond positively to oral and/or intravenous fluid
therapy only to develop in the following hours or days mild to
severe signs of laminitis. Hypoxic damage, reperfusion injury,
endotoxemia and subsequent increased vascular permeability,
microvascular thrombosis, administration of corticosteroids,
and large intestinal absorption of exotoxins released by Strepto-
coccus bovis with consequent activation of matrix metallo-
proteinases have all been incriminated in the pathogenesis of
laminitis. It is likely that a combination of these events plays a

role in the cases of laminitis observed after exhaustive exercise.
Suggested therapy for horses that develop laminitis after
exhaustive endurance exercise include replacement of fluid and
electrolyte deficits, keeping the horse in a stall with soft deep
bedding, and administration of non-steroidal anti-inflamma-
tory drugs (NSAIDs). Capsaicin ointment applied on the skin
overlying the palmar digital nerves has recently been shown to
significantly decrease lameness in a reversible model of equine
foot soreness.65b Judicious use of capsaicin ointment may prove
to be an effective adjunctive therapy in laminitic horses after
exercise-associated dehydration/exhaustion, which may be at
risk of acute renal failure due to dehydration, myoglobinuria
and/or administration of NSAIDs. Other medications used in
laminitic horses include: (i) aspirin (acetylsalicylic acid),
heparin, and warfarin to minimize platelet aggregation; (ii) ace-
promazine, phenoxybenzamine, isoxuprine, pentoxifylline, and
nitroglycerine ointment to vasodilate and improve laminar
blood flow; and (iii) dimethylsulfoxide for its anti-inflammatory
effects. None of these drugs has been consistently demonstrated
to be effective in the treatment of laminitis and the author does
not recommend any of them.

Synchronous diaphragmatic
flutter (thumps)

● Not a problem in and of itself but is indicative of severe
electrolyte disturbances.

● The contraction of the diaphragm and flank coincides
with cardiac contraction.

● Typically seen in horses with hypochloremic metabolic
alkalosis; hypokalemia and/or ionized hypocalcemia is
also commonly observed.

● Responsive to calcium-enriched fluids.

Recognition of the disease

History and presenting complaint

Most commonly seen in endurance horses, (SDF) is associated
with dehydration and exhaustion. It has also been described in
horses with other clinical disorders associated with ionized
hypocalcemia and/or alkalosis, such as impending enteritis,
colic, and uterine torsion.66 There is no apparent breed, age, or
sex predilection, but horses known to develop SDF should be
watched more closely because there is a tendency for recur-
rence.

Physical examination

Easily diagnosed by placement of one hand over the flank and
simultaneous cardiac auscultation, which will demonstrate
that thumping in the flank is synchronous with cardiac con-
traction, specifically with atrial depolarization. Muscle contrac-
tions may be more apparent on one side only, may be
continuous or intermittent and the intensity of contraction
may vary from barely perceptive to an obvious thumping sound.
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Other clinical signs related to dehydration and electrolyte
disturbance may be present, such us depression, dry con-
gested mucous membranes, delayed capillary refill time, weak
arterial pulse, and persistently elevated heart rate and/or res-
piratory rate after exercise. Many exhausted endurance
horses develop SDF along with the abovementioned signs of
dehydration and exhaustion, however other horses develop
SDF with few other indications of exhaustion.

Laboratory examination

Consistent abnormalities in horses afflicted of SDF include
hypokalemia, hypochloremia, and alkalosis.66 Hypocalcemia
is not as common, however ionized calcium concentrations
in horses with SDF have not been reported. Ionized calcium
should decrease as a consequence of alkalosis and increased
protein binding of calcium.

Treatment and prognosis

Mild cases may recover without specific treatment once the
horse is allowed to rest and has free access to water and hay.
In horses with clinical signs of dehydration and SDF, oral or
intravenous fluids are indicated as discussed in the section on
exercise induced dehydration/exhaustion.

Specific therapy for SDF involves intravenous administra-
tion of calcium solutions like 23% calcium gluconate. The
general recommendation is to slowly administer (over
15–30 min) 250–500 mL of 23% calcium gluconate that
has been diluted 1:4 with saline or 5% dextrose. Close moni-
toring of the cardiovascular response by cardiac auscultation

and electrocardiography, if available, is recommended. Dilute
calcium infusion should be discontinued if alterations in
heart rhythm or rate are observed. Increased alertness of the
patient, cessation of SDF, and return of gastrointestinal
motility and appetite are evidence of a favorable response to
calcium-rich fluids. Bicarbonate administration is contra-
indicated. In fact, bicarbonate administration in volume and
electrolyte depleted horses causes SDF.67

Prognosis for SDF is favorable. However, other complica-
tions associated with dehydration and electrolyte distur-
bances can occur, such as laminitis, rhabdomyolysis, or acute
renal failure.

Prevention

Development of hypocalcemia and lack of compensatory
mechanisms for calcium mobilization from osseous deposits
is often argued as the main cause of synchronous diaphrag-
matic flutter. It is suggested that excessive dietary calcium
intake may impair the normal response of the parathyroid
gland to hypocalcemia. Therefore, switching from alfalfa hay
(1.2–1.4% of calcium in dry matter) to grass hay (0.3–0.45%
of calcium in dry matter) has been advocated to decrease
dietary calcium intake and possibly to increase the sensitivity
of the parathyroid gland to release parathyroid hormone in
response to hypocalcemia. However, the effect of ingestion of
different hay types or calcium dietary intake on secretion of
parathyroid hormone has not been investigated in horses.
Another possible dietary manipulation would be to provide
anionic diets, which are those with excess of anions over
cations. In dairy cattle, it is proven that prevention of par-
turient paresis (‘milk fever’, hypocalcemia of lactating dairy
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cows) is more effective by feeding anionic diets than by lower-
ing dietary calcium intake.68 Anionic excess apparently
enhances calcium absorption from the gastrointestinal tract
and resorption of calcium from bone. Whether diets with
anionic excess would prove beneficial for the management of
SDF in endurance horses is not known.

Provision of supplemental electrolytes before, during and
after the athletic event to avoid electrolyte imbalances and
development of alkalosis may help prevent development of
SDF.69

Etiology and pathophysiology

It is suggested that fluid, electrolyte and acid–base derange-
ments alter the normal resting potential and/or action poten-
tial of the phrenic nerve, which results in stimulation of the
phrenic nerve as it runs over the atria and consequent
diaphragm contraction each time the atria depolarize.

Hypochloremic metabolic alkalosis is the most consistent
metabolic derangement. It is worth noting that SDF can be
reproduced experimentally in horses that are volume and
electrolyte depleted by administration of furosemide followed
by oral administration of hypertonic sodium bicarbonate.69

Alkalosis increases protein-bound calcium due to increased
number of negative charges of plasma proteins (Fig. 40.2).
Ionized hypocalcemia may be responsible for increased neuro-
muscular irritability by decreasing the threshold potential
(e.g. from –65 mV to –75 mV) (Fig. 40.3), which brings it
closer to the membrane resting potential (e.g. –90 mV) and
facilitates depolarization and nerve conduction, which in the
case of the phrenic nerve stimulates the diaphragm to con-
tract. Conversely, ionized hypercalcemia decreases neuro-
muscular irritability because it increases the threshold

potential. Alterations in the ratio of intracellular:extracellular
potassium concentrations may also make cells more or less
excitable by altering the membrane resting potential.
Hypokalemia (low K+[ECF]/[ICF]) hyperpolarizes the cell mem-
brane (makes it more negative), which decreases neuro-
muscular irritability; and hyperkalemia and/or intracellular
potassium depletion (high K+[ECF]/[ICF]) increases the resting
potential (e.g. from –90 mV to –80 mV), which makes the
cells more excitable (Fig. 40.3).63

The role of multiple electrolyte alterations in the develop-
ment of neuromuscular disorders has been described using a
formula of neuronal irritability (NI).70 The formula illustrates
how neuronal irritability, and signs of SDF or muscle fascicu-
lations, will develop in hyponatremia, ionized hypocalcemia,
hypomagnesemia, alkalosis, or with an increase in the ratio
of extracellular to intracellular potassium concentration:

N =

The typical alterations observed in endurance horses are
concurrent total body potassium depletion, alkalosis and con-
sequent increase in binding of calcium to albumin, and
ionized hypocalcemia. It is likely that multiple electrolyte and
metabolic disorders are responsible for development of SDF.

Epidemiology

The incidence of SDF in horses competing in endurance com-
petitions is not well established. It is generally described to be
more common in poorly conditioned horses and in competi-
tions that take place in hot climates. In Tevis Cup races between
1962 to 1971, 974 horses started the race, 44% failed to
finish, and SDF was observed in 42 of those eliminated.66

Na+ + K+[ECF]/[ICF]

Ca2+ + Mg2+ + H+
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Acute renal failure

● Inability to concentrate urine despite clinical signs of
dehydration.

● Oliguria in the initial stages of renal failure. Polyuria
and/or polydipsia observed as acute renal failure pro-
gresses to chronic renal failure.

● Due to decreased blood flow/ischemia or nephrotoxic com-
pounds. Most common nephrotoxins are non-steroidal
anti-inflammatory drugs, aminoglycoside antibiotics,
vitamin K3, hemoglobin, and myoglobin.

● Therapy is directed to replacement of fluid, electrolyte
and/or acid–base abnormalities. Other drugs indicated for
treatment of renal failure (diuretics and renal vasodila-
tors) should only be used after correction of fluid and
electrolyte deficits.

Recognition of the disease

History and presenting complaint

Horses afflicted with acute renal failure (ARF) will generally
have a history of participating in an athletic event that
induced moderate or severe dehydration and frequently con-
comitant NSAID administration. The presenting complaint
may be oliguria (decreased urine production), although urine
production may be variable.

Physical examination

Acute renal failure is generally suspected in horses showing
marked depression, anorexia, and a lack of urine production
within the first 6–12 h of initiation of fluid therapy.
Alternatively, affected horses are unable to concentrate urine
despite clinical signs of dehydration. However, clinical signs
observed are most often those related to the inciting condition.

Renal ultrasonography may be of use in diagnosing acute
renal failure. Nephrolithiasis and congenital renal disorders
may be ruled out by renal ultrasonography. Ultrasonographic
findings described in horses with ARF include perirenal
edema, loss of detail of the corticomedullary junction, or
dilation of the renal pelvis.71

Laboratory examination

Plasma biochemical measurements of horses with acute
renal failure will demonstrate increases in plasma urea nitro-
gen (also referred as BUN) and creatinine concentrations (i.e.
azotemia). However, azotemia is only indicative of decreased
glomerular filtration and may be solely a consequence of
dehydration (prerenal ARF). Determination of the specific
gravity of the urine by refractometry is one of the few readily
available tests in the field to determine presence of ARF in
horses. In cases of oliguria due solely to dehydration, urine
specific gravity is usually above 1.025; however, in cases of
intrinsic ARF it is generally below 1.020. These cut-off values
will only be valid when performed in urine collected before

initiation of fluid therapy or administration of diuretics (e.g.
furosemide) or �2-agonist sedatives (e.g. xylazine).

Hyponatremia and hypochloremia are fairly common in
horses with renal failure due to increased loss of sodium and
chloride in urine because of decreased renal tubular reab-
sorptive function. Hypocalcemia and hypophosphatemia are
often found in horses with acute renal failure.

Urinalysis and urine sediment evaluation

Urine can be collected as a midstream catch during voiding or
via urethral catheterization. It is recommended to obtain a
urine sample for urinalysis assessment whenever renal
failure is suspected in athletic horses.

Horse urine is normally alkaline (pH 7 to 9). However,
aciduria may develop as a consequence of exercise-induced
fluid and electrolyte losses. In an attempt to maintain plasma
volume in the face of dehydration, renal tubular reabsorption
of sodium is maximal and sodium is reabsorbed in exchange
for potassium. When potassium depletion occurs due to con-
tinued losses in sweat, sodium continues to be reabsorbed in
the renal tubules in exchange for hydrogen ions. This results
in paradoxic aciduria, which describes a state of alkalosis in
which the kidneys do not compensate by urinary elimination
of an alkaline urine but rather maintain sodium reabsorption
at the expense of elimination of inappropriately acidic urine.

Reagent strip analysis is useful to obtain an estimate of pH
and the presence or absence of blood, protein, glucose, ketone
bodies, and bilirubin. A positive result for blood indicates
presence of red blood cells, hemoglobin, or myoglobin. To dis-
tinguish between these pigments one can examine the urine
sediment for presence of red blood cells, examine plasma to
assess if it appears hemolytic (pink or red tinge in normally
light yellow plasma) and measure the activities of creatine
kinase (CK, normal 145–380 units/L) and aspartate amino-
transferase (AST, normal 220–600 units/L) as indicators of
rhabdomyolysis and thus the potential for myoglobinuria. A
false-positive result for urine protein is common in alkaline
urine, and the presence of protein in urine is better assessed
with other more specific biochemical assays. Proteinuria and
hematuria may transiently follow exercise.72 Proteinuria is a
characteristic finding in glomerulonephritis due to filtration
of albumin and other proteins into the urine. A urine protein
to urine creatinine ratio above 2:1 is indicative of clinically
significant proteinuria in a patient. Glucose should not be
detected in normal equine urine and glucosuria may be
observed in cases of acute renal failure. Ketones are rarely
detected in equine urine, even in cases of catabolic states.
Bilirubinuria may be observed in cases of hemolysis and liver
disease, however other plasma biochemical data (total and
conjugated bilirubin, bile acids, alkaline phosphatase, aspar-
tate aminotransferase, �-glutamyl transferase and sorbitol
dehydrogenase) may be more useful in assessing liver disease.

Sediment examination of equine urine is a simple and very
useful technique to evaluate presence and magnitude of
renal tubular disease and to determine presence or not of
infectious or inflammatory disorders. However, sediment
examination should be performed within 1 h of collection,
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because casts are unstable in alkaline urine. A normal horse
urine sediment should not contain casts, fewer than five red
blood cells and fewer than ten white blood cells should be seen
per high power field. Briefly, a urine sediment examination is
performed by centrifugation of a 6–10 mL urine sample at
1000 rpm for 5 min. The supernatant is discarded and the sed-
iment is resuspended in a couple of drops of sediment staining
solution and transferred to a glass slide with a coverslip on top.
The sediment is examined first at low power to evaluate for
casts (long cylindrical molds of protein and cells shed from the
renal tubules; Fig. 40.4). The presence of casts is indicative of
renal tubular necrosis. Increased numbers of red blood cells
can result from inflammation, infection, and neoplasia, and it
is transiently observed after exercise.

Renal tubular function is assessed by clearance rates of
electrolytes. However, the clearance rate of a substance in
urine requires volumetric urine collection, which is not
practical in clinical settings. Fractional creatinine clear-
ance values, more commonly referred to as fractional excre-
tion ratios, allow a similar assessment of renal tubular func-
tion by comparing the clearance of an electrolyte to
creatinine clearance. Fractional excretion ratios are cal-
culated after measurement of electrolytes in plasma and
urine, and obviate the need for volumetric urine collection.
Fractional excretion ratio of substance X (i.e. Na+) is cal-
culated as:

= × 100

Normal fractional clearance values are less than 1% for
sodium, less than 1.6% for chloride, 20–60% for potassium,
less than 1% for phosphorus and 2–6% for calcium.73

However, the results of these calculations must be interpreted
taking into consideration fluid therapy and dietary intake.

⎫
⎪
⎭

Urine [Cr]
Plasma [Cr]

Urine [X]
Plasma [X]

⎫
⎪
⎭

Clx

ClCr

Fractional clearances of potassium, calcium, and phospho-
rus will vary greatly depending upon dietary intake.
Potassium intake is generally adequate and excessive
amounts are readily excreted in the urine. The kidneys also
play an important role in calcium and phosphorus homeo-
stasis and urinary loss of these electrolytes varies with
dietary intake.

Once fluid therapy has been initiated, urine specific gravity
and fractional excretion ratios will not be useful because the
results are altered by fluid diuresis. However, urine sediment
microscopic evaluation will still be useful in assessing
ongoing renal damage.

Treatment and prognosis

Therapy for acute renal failure is aimed at removing the
primary cause and restoring normal fluid balance by cor-
recting dehydration and electrolyte and acid–base dis-
orders. The prognosis will depend upon the initiating 
cause and the severity of renal damage. In those cases 
due to hypoperfusion or ischemia, the prognosis is favor-
able when the condition is treated promptly. In cases where
fluid replacement has been delayed and/or the kidneys 
suffer multiple simultaneous insults from different nephrotox-
ins, as in a dehydrated horse that is ‘tying-up’ (rhabdomyolysis)
and is given phenylbutazone, the prognosis is guarded to poor.

Fluid therapy

Regardless of the cause of acute renal failure, initial therapy
should include replacement of fluid deficits (preferably by
intravenous administration) and correction of any electrolyte
or acid–base abnormalities. After these have been corrected,
one should attempt to monitor urinary output. Other than
subjective assessment of frequency and volume of urination,
monitoring of bodyweight will be useful in assessing ex-
cessive fluid retention in cases of oliguric renal failure. As
described under the heading ‘Exercise-induced dehydra-
tion/exhaustion’, the fluid of choice in horses after prolonged
endurance type exercise is Ringer’s solution, although other
balanced polyionic solutions also are suitable.

Adjunctive medications

When urine output remains reduced after replacement of
fluid deficits over the first 6–12 h, administration of drugs
that increase renal blood flow, glomerular filtration, and
urinary flow may be indicated.
1. Diuretics: Furosemide is a loop diuretic, it blocks the
Na+/K+/2Cl– cotransporter in the ascending limb of the loop
of Henle, which promotes natriuresis and diuresis. The aim of
furosemide administration is to turn oliguric renal failure
into non-oliguric renal failure, which facilitates the manage-
ment of fluid and electrolyte status. The efficacy of
furosemide in treating horses with acute renal failure is not
documented. In human patients with ARF administration of
furosemide does not affect the long-term outcome. The use of
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Fig. 40.4
Microscopic evaluation of urine sediment from a horse with
acute renal failure. Note the presence of granular casts, one of
them in the center of the image (arrow) (×42).



furosemide is contraindicated in horses with suspected
urinary tract obstruction or rupture.

Manitol is an osmotic diuretic that increases intravascular
osmolality, causing an increase in intravascular volume and as
a consequence it increases renal blood flow and glomerular
filtration rate. These osmotic effects cause an increase in urinary
output and may be effective in the treatment of ARF character-
ized by tubular obstruction and swelling of the tubular cells.74

2. Renal vasodilators: Dopamine activates dopaminergic
receptors present in the renal cortex and induces increased
renal blood flow and urine output when infused at 5 �g/kg/
min, without significant alteration in arterial blood pressure
and heart rate. However, some horses develop dysrhythmias
with dopamine infusion.75 Fenoldopam is a selective, �1-
dopaminergic agonist that, in animal models and humans,
increases renal blood flow, glomerular filtration rate, and
urinary output without unwanted side-effects.76,77 The effect of
fenoldopam on renal hemodynamics in horses is unknown.

Prevention

Acute renal failure in athletic horses will be prevented using
those strategies that minimize the risk of development of clin-
ically significant dehydration that may compromise renal
perfusion. Avoidance of commonly used nephrotoxic drugs is
of the utmost importance in horses that show clinical signs 
of dehydration/exhaustion. If administration of an NSAID 
is considered necessary, it is advisable to delay administra-
tion until fluid and electrolyte deficits have been at least par-
tially corrected by administration of oral and/or intravenous
fluids.

Etiology and pathophysiology

Acute renal failure in the horse results from toxic causes or
from ischemic or hemodynamic causes.74,78 Causes of
nephrotoxic acute renal failure include aminoglycoside
antibiotics (neomycin being the most nephrotoxic), non-
steroidal anti-inflammatory drugs, vitamin K3, myoglobin,
vitamin D, heavy metals, mycotoxins, and acorns.

Aminoglycoside antibiotics (gentamicin, amikacin,
neomycin, streptomycin, kanamycin, and tobramycin) are
toxic to the tubular epithelial cells. These antibiotics are reab-
sorbed from the urine and accumulate in tubular epithelial
cells, which causes disruption of the cellular metabolism
resulting in tubular swelling and sloughing.79

Phenylbutazone and other NSAIDs exert their analgesic
and anti-inflammatory effects by inhibition of cyclo-oxygenase,
an enzyme responsible for prostaglandin and thromboxane
synthesis. However, NSAIDs inhibit also the synthesis of local
protective vasodilator prostaglandins in the kidney, thereby
reducing blood flow to the renal medulla and inducing 
renal papillary necrosis.80,81 Acute renal failure is more likely
when NSAIDs are administered in abnormally high doses or
when administered to hypovolemic or dehydrated horses.
Ketoprofen may be less nephrotoxic when compared to other
NSAIDs.81

Vitamin K3 (menadione sodium bisulfite) had been a
common cause of acute renal failure in the US before its with-
drawal from the market. The development of ARF appears to
be an idiosyncratic reaction.82

Acute tubular necrosis may occur in cases of moderate or
severe myoglobinuria or hemoglobinuria.74 The pathogenesis
for this condition is not completely understood; hemoglobin or
myoglobin casts present within the renal tubules may result in
ischemic injury, and these pigments also reduce renal blood
flow by direct vasoconstrictor effects. In addition, myoglobin
deposited in the renal tubules appears to induce oxidative
damage of components of tubular cell membranes.83

Dehydration and decreased renal blood flow may cause
acute renal damage due to hypoxic damage of tubular epithe-
lial cells. Tubular epithelial cells are more susceptible to
hypoxia because these cells are involved in solute reabsorp-
tion, which demands a high metabolic rate and high demand
for oxygen. However, due to unique physiologic and anatomic
features of the kidneys, only about 10–20% of the total renal
blood flow reaches the medullary portion of the kidney. 
The low medullary blood flow is required to provide a func-
tional countercurrent mechanism; however, it also renders
the medulla relatively hypoxic and more susceptible to
ischemic injury.

Epidemiology

Incidence of acute renal failure in the general horse popula-
tion and specifically in athletic horses is not well documented.
The more common causes of acute renal failure are described
to be ischemic renal tubular damage due to renal hypo-
perfusion or NSAIDs (most commonly phenylbutazone and
flunixin meglumine), and gentamicin nephrotoxicity.
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by integration of mechanisms that vary the body’s rate of
heat production, alter the transfer of heat to the periphery
(e.g. skin), and regulate evaporative cooling. The hypothala-
mus contains the central coordinating center for the various
processes of thermoregulation. Specialized neurons within
the hypothalamus act as a thermostat that initiates thermo-
regulatory adjustments to deviations from normal body
temperature. Heat-regulating mechanisms are activated by
thermal receptors in the skin that provide input to the hypo-
thalamus, or by direct stimulation of the anterior hypothala-
mus via changes in the temperature of blood perfusing the
area.

The greatest disequilibrium in heat balance occurs during
exercise. Conversion of chemical energy (i.e. stored sub-
strates) to mechanical energy (e.g. muscular contraction) is
inefficient with approximately 75–80% of the total chemical
energy released as heat rather than physical work.2 As such,
the rate of metabolic heat production increases markedly
with the onset of exercise and is accompanied by increases in
muscle and core body temperatures. The increase in core
temperature provokes activation of heat dissipatory mecha-
nisms such that increases in body temperature are mitigated.
However, whether balance between heat gain and heat loss
can be re-established will depend on the duration and inten-
sity of exercise and the efficiency of heat dissipation. The
latter is primarily influenced by ambient conditions but also
modified by physiological adaptations (e.g. conditioning, heat
acclimatization) in heat dissipatory mechanisms.

Heat production

For living organisms, biologic work is either external, which
includes moving the body or other objects through muscular
contraction, or internal work that would include all other
forms of biologic work, such as smooth muscle contraction,
synthesis of molecules and compounds, or active transport
within cells. With the exception of periods of growth, ulti-
mately all this work is transformed into heat that is either
stored or liberated. Energy expenditure by the body can there-
fore be expressed by the following equation:

Body heat is produced by metabolism and is also gained from the
environment. In homeotherms, internal temperature is
normally maintained within a narrow range (37–40°C) by inte-
grated neurophysiologic mechanisms that balance heat produc-
tion and heat loss. Thermoregulation is the process by which the
internal temperature is regulated to maintain body temperature
within this thermoneutral zone. For example, during heat expo-
sure or exercise, when heat gain occurs, the thermoregulatory
system will provoke mechanisms for heat loss such that the rise
in internal (or core) body temperature is mitigated. It is the most
important regulation system in homeothermic animals.1

In horses, as in humans and other mammalian species, an
excessive elevation in body temperature limits performance
capacity. Therefore, a thorough understanding of thermo-
regulation and means for enhancement of these mechanisms
is crucial to management of the athletic horse. The fact that
horses often train and compete in hot weather, ambient con-
ditions that substantially increase the risk of thermal injury,
further underscores the importance of such understanding.

Heat production and
dissipation

Core body temperature is a dynamic equilibrium between
factors that add or remove heat. This balance is maintained
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Total energy 
=

internal heat production + external work 
expenditure performed + energy stored

The body has a basal level of energy expenditure or basal
metabolic rate (BMR) that is lowest when environmental tem-
perature range is within a thermoneutral zone. This BMR
minimizes energy expenditure required to maintain normal
body temperature. The BMR is altered by numerous factors,
both internal and within the environment, which increase or
decrease energy expenditure. Metabolic rate is normally
lowered during sleep and increases with any form of work or
stress. Perturbations of BMR such as exercise, fever, cate-
cholamine release, feed consumption (thermic effect of feed),
or dealing with a cold environment can therefore affect heat
balance. In mammals, there have been extensive investiga-
tions of the relationship between bodyweight and heat pro-
duction,2,3 which have demonstrated that resting heat
production is proportional to body mass to the power of 0.75
in adults but not in growing animals. There are, however,
differences between species and it could be expected that
within a species such as the horse with extensive variation in
size and weight based on breed, lighter breeds may have a
significantly lower resting heat production when compared
to heavier breeds.

Heat production in horses is influenced by dietary factors,
including the quantity and quality of feed and water intake.
Replacing hay in the diet with grains has been demonstrated
to decrease heat production,4 with a further reduction in heat
production possible with fat supplementation.5 When
exposed to hot or cold environments, water restriction and
dehydration can also reduce heat production.

During exercise, the workload or speed is the main deter-
minant of the rate of heat production. Other factors such as
the weight of rider and tack, and the nature of the terrain
and footing will also contribute to the overall workload.6,7

Heat production during exercise can be estimated from
oxygen consumption data:

Metabolic heat =
•

VO2(liters per min) × k × exercise
duration (min)

where V
•
O2 = oxygen consumption and k = amount of heat lib-

erated per liter of oxygen consumed. Values for k range from
4.7 kcal to 5.1 kcal depending on the substrate oxidized
(lowest value for pure fat oxidation, highest value for pure
carbohydrate oxidation).3

Metabolic rate in horses is 40- to 60-fold higher during
exercise at maximum oxygen uptake (V

•
O2max) when compared

to the resting state. For a 500-kg horse with a V
•
O2max of

80 L/min, this equates to metabolic heat production in excess
of 400 kcal/min (~ 1.3 MJ/min) of exercise. Production of
this quantity of heat without any ability for heat dissipation
would result in an increase in body temperature of approxi-
mately 1°C per minute during exercise. Although the rate of
metabolic heat production is lower during endurance exercise,
the overall heat load is substantially higher because of the
longer work duration. For example, it has been estimated that
the metabolic heat production of an endurance horse running
at 8 m/s is about 150–200 kcal/min; if no heat was dis-

sipated, this heat load would result in an increase in core tem-
perature of approximately 21°C per hour. These hypothetical
measurements emphasize that effective heat-loss mechanisms
are crucial and serve to further underline the additional
impact severe ambient conditions will impose on the horse’s
ability to lose heat to the surrounding environment.

In contrast to most other large domestic species in which
skeletal muscle comprises 30–40% of total bodyweight, half
the total bodyweight of the Thoroughbred is working muscle.
This higher percentage of bodyweight from muscle con-
tributes to the horse’s higher mass-specific V

•
O2 when com-

pared to other athletic species, including man. Furthermore, a
running horse uses a greater proportion of its body mass for
locomotion than does a human performing running or leg
cycling exercise. Thus, the mass-specific heat load for the exer-
cising horse is as much as two- to three-fold higher compared
to that of exercising humans. Despite a substantially higher
rate of heat production in the horse, the ratio of surface area
to body mass is approximately 50% less than that of humans
(man = 1:35–40 m2/kg; horse = 1:90–100 m2/kg).6,7 As a
result, the horse has a significantly smaller surface area over
which to dissipate a relatively larger metabolic heat load and,
at any given workload, must dissipate approximately four
times more heat per unit of body surface area during exercise
than human athletes. The disadvantage posed by a smaller
surface-area:body-mass ratio can be partially offset by higher
rates of cutaneous and respiratory heat loss. However, it is
apparent that exercise is a considerable thermoregulatory
challenge to the horse, with prolonged exercise representing
one of the most demanding situations.

Mechanisms of heat transfer

Conductive, convective, radiative, and evaporative heat loss
are the four basic mechanisms for heat transfer. Heat loss by
conduction involves direct transfer of heat through a liquid,
solid, or gas from one molecule to another. Although most of
the body heat is transferred to the periphery by the circula-
tion, a small amount moves by conduction directly through
the deep tissues to the cooler surface. Heat loss by conduction
then occurs by the warming of air molecules and cooler sur-
faces in contact with the skin. The rate of conductive heat
loss is directly proportional to the temperature gradient
between the skin and surrounding surfaces, and inversely
proportional to the thickness of the hair coat. Heat loss by
conduction from the surfaces of the head, neck and distal
limbs is more effective due to a higher surface area to mass
ratio in these regions when compared to proximal limbs,
thorax and abdomen.

Convection represents the transfer of heat between two
media, such as the skin surface and surrounding air. The
effectiveness of heat loss by convection depends on how
rapidly the air near the body is exchanged once it is warmed.
Conductive heat loss is most effective when the warm air
surrounding the body is continually replaced by cooler air, as
occurs as a running horse moves through the air and/or
wind speed is moderate to high. On the other hand, the trap-
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ping of air within a long hair coat will impede convective heat
transfer to the environment. Convective heat transfer also
occurs in the respiratory tract, the rate of which is dependent
on pulmonary ventilation and the temperature difference
between inspired and expired air.

Radiative heat transfer occurs when electromagnetic
radiated is emitted or absorbed at the skin surface. As body
temperature is normally higher than the environment, there
is a net loss of radiative heat energy at the skin surface.
However, in hot ambient conditions, when the temperature of
objects in the environment exceeds skin temperature, radiant
heat energy is absorbed from the surroundings. Under these
conditions, the only avenue for heat loss is evaporative
cooling. A gain of radiant heat energy also occurs via direct
(or reflected) sunlight. It has been suggested that solar radia-
tion can contribute up to 15% of the heat gain in horses
during exercise in sunny conditions.8

For the horse, the most important mechanism for heat loss
is evaporative cooling including the evaporation of sweat from
skin surfaces and water from the respiratory tract. The
efficacy of this mechanism is dependent upon the extent of
the vapor pressure gradient between body surface and envi-
ronment. Calculations of the estimated heat loss are based on
the latent heat of vaporization of water (from a liquid to a
vapor – 598 kcal [2501 kJ] for each gram of water at 0°C).9

After accounting for possible variations in the thermo-
dynamic properties of sweat when compared to water, it is
estimated that the evaporation of 1 L of sweat from the skin
surface will dissipate approximately 580 cal (2428 kJ or
2.4 MJ) of body heat.10 The quantity of heat (~ 2.4 MJ) dissi-
pated in association with the evaporation of 1 L of sweat in
thermoneutral conditions is approximately equivalent to the
heat generated by 2 min of high-intensity exercise or 6 min
of moderate-intensity exercise. In optimum conditions, (i.e.
when relative humidity is low) the evaporation of sweat is a
very efficient mechanism of heat loss and can account for as
much as 65% of total heat loss during exercise. However,
several environmental factors will influence the efficacy of
evaporative heat loss. These include ambient temperature
and relative humidity, the extent of the vapor pressure
gradient between the skin surface, and the rate of air move-
ment.11–13 At high ambient humidity, the vapor pressure
gradient between the body surface and the environment
narrows thereby constraining evaporative cooling and
increasing the rate of heat storage.

The extensive surface area of the respiratory tract also
provides a mechanism for heat dissipation. This process relies
upon the difference in vapor pressure between the inspired air
and that of the epithelial surface of the respiratory tract. The
external nares of the horse contribute considerable surface
area for heat exchange. Similarly, the extensive surface area
of the upper respiratory tract, including the internal nares
and nasal turbinates provide an environment in which air
entering the nasal passages contacts the highly vascularized
epithelium of the upper respiratory tract. Horses also have a
unique anatomical arrangement by which their internal
carotid arteries are enveloped by a pair of air-filled guttural
pouches. Preliminary studies suggest that exercising horses

can use their guttural pouches to cool blood en route to the
brain.14 It is surmised that this heat loss from the upper respira-
tory tract contributes to selective brain cooling, whereby the
temperature of blood reaching the brain is lower when com-
pared with that measured in mixed venous (pulmonary artery)
blood or within skeletal muscle.15 Heat loss from the respiratory
tract is dependent upon relative humidity and minute ventila-
tion. Under cool, dry conditions, the extent of heat loss via this
mechanism is estimated to be between 15 and 25% of total heat
loss. In hot, humid conditions, when cutaneous evaporative
cooling is compromised, respiratory heat loss may account for a
relatively higher proportion of total heat loss and therefore rep-
resent 25% or more of total heat loss. While elevations in the
respiratory rate increase the proportion of heat loss from the
respiratory tract in these conditions, mechanical limitations
imposed during exercise (e.g. the coupling of stride to respira-
tion during canter and gallop) may ultimately limit heat loss
from the respiratory tract.

Mechanisms of sweat formation

In only a limited number of species, including some bovidae,
primates and equidae, is the sweat gland primarily a thermo-
regulatory organ.4,16 In the horse, sweat glands are present in
both haired and relatively hairless skin with regional varia-
tion in the density of glands that is not dependent on the
presence of a haircoat. Structurally, the gland is similar to
that of many other domestic species, consisting of a fundus
and a duct connecting the fundus with the skin surface.
Throughout most of its length, the duct lining is composed of
two layers, with a single layer of keratinocytes lining the duct
at the skin surface. Located within the dermis, the fundus is
lined by an inner layer of secretory epithelium interspersed
with myoepithelial cells and surrounded by a fenestrated
sheath of fibrocytes that encloses a layer of connective tissue.
Although sweating appears to be under sympathetic nervous
control, there is no evidence of direct sympathetic innerva-
tion of the sweat gland. Rather, sweating appears to occur via
humoral stimulation of �2-adrendergic receptors on sweat
glands. As a result, sweating can be initiated by epinephrine
(adrenaline) release in advance of any stimulus related to an
increase in core temperature.

As most studies to date have investigated sweating rate
and composition in Thoroughbred horses, the degree to
which sweating rate and composition varies between breeds
is unknown. To date, it appears that the basic composition of
sweat is similar between breeds. Equine sweat, unlike that of
humans, is isotonic to slightly hypertonic relative to
plasma.11,15,17 Sweat ion concentrations are largely a
reflection of sweating rate and therefore are subject to alter-
ation based on environmental conditions and exercise inten-
sity (Table 41.1). Although there is some variation in sweat
ion composition of equine sweat, individual differences in
sweat composition do not appear to be as extensive in horses
when compared to human athletes. Epinephrine (adrenaline)
infusion will produce a more dilute sweat and may account
for the less concentrated sweat produced during high inten-
sity exercise when compared to low intensity exercise.11,15,18

921
41 Thermoregulation and exercise-associated heat illnesses



During exercise, an increase in body temperature as a
result of metabolic heat production is the primary stimulus
for sweating. Normally, sweating is initiated at a specific core
temperature and continues in proportion to the increase in
core temperature. Hodgson et al19 demonstrated that
increases in sweating rate at three different exercise intensi-
ties (40%, 65%, and 90% of V

•
O2max) were closely related to

elevations in carotid artery blood temperature (Fig. 41.1).
Rate of rise in body temperature and the concentration of
circulating catecholamines associated with different exercise
intensities could also contribute to the determination of
sweating rate.

Thermoregulation during
exercise

During exercise, metabolic heat from working muscles must
be transferred to the skin surface to be lost to the environ-
ment. Peripheral thermoreceptors in skin, spinal cord, skele-
tal muscle, abdomen, and hypothalamus detect changes in
thermal load and produce a proportional output that is inte-
grated in the hypothalamus to allow adequate thermoregula-
tory effector activity, particularly by the circulatory system
and sweat glands. The primary physiologic mechanisms
driving heat loss are an increase in the proportion of cardiac
output directed toward the cutaneous circulation and an
increase in the rate of sweat secretion. The increase in
cardiac output and blood flow to contracting muscles enables
a substantial increase in convective heat transfer away from
the muscle. The circulation carries the heat to the body core,
resulting in an increase in core temperature. Increasing core
temperature and, to a lesser extent, increasing skin tempera-
ture provides the afferent signal for reflex increases in skin
blood flow and sweating, thereby facilitating heat transfer to
the skin surface and its dissipation to the environment.

Skin blood flow is substantially increased by the opening of
capillary beds that are normally bypassed by arteriovenous
anastamoses that connect arteries directly to veins. The
increase in blood flow through the vascular beds of the skin
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Variable CD high CD low HD low HH low

Sodium 124.0 ± 6.7 116.7 ± 6.1 133.6 ± 2.3 130.6 ± 1.7
(mmol/L)
Potassium 25.8 ± 2.1 32.6 ± 1.4 41.5 ± 1.1 28.1 ± 0.9
(mmol/L)
Chloride 142.0 ± 5.6 144.3 ± 4.3 155.8 ± 3.2 149.5 ± 2.9
(mmol/L)
Osmolality 313 ± 18 303 ± 6 339 ± 6 327 ± 5
(mOsm/kg)
Sweating rate 40.4 ± 3.7 21.1 ± 5.2 32.8 ± 5.1 27.0 ± 6.2
(mL/m2/min)

CD, cool, dry (room temperature [T] = 20°C, relative humidity 
[RH] = 45–55%); HD, hot, dry (T = 32–34°C, RH = 45–55%); HH, hot,
humid (T = 32–34°C, RH = 80–85%); high, exercise at 90% of maximum
oxygen consumption (V̇O2max); low, exercise at 50% of V̇O2max.

Table 41.1 Sweating rate, ion concentrations, and osmolality 
in horses at two exercise intensities and three different ambient
conditions after 10 min exercise (data from11,90)
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Fig. 41.1
Carotid artery temperature (orange circles) and sweat rate
(blue circles) in horses exercising at 90% (A), 65% (B), and
40% (C) of maximal O2 uptake (V̇O2max).Ambient temperature
was 21–23.5°C. (Adapted from Hodgson et al.19)



allows heat to be lost to the environment via convection and
direct radiation of heat from the skin surface. The efficacy of
transfer of heat by convection and radiation varies according
to the rate of air movement across the skin (wind speed) and
the gradient of skin temperature to environmental tempera-
ture. Increased skin blood flow also provides the latent heat
for vaporization of sweat and as well as the fluid required for
sweat production. The attempt to maximize blood flow for
increased activity and thermoregulation is also reflected in
decreased splanchnic and adipose tissue blood flow.20 Greater
oxygen demand increases respiratory rate and respiratory
blood flow and both activities will enhance the extent of
evaporative cooling by the respiratory system.

Sweating rates of ~ 20 to 55 mL/m2/min have been meas-
ured on the necks and backs of horses exercising on a tread-
mill in a laboratory.19,21–23 Assuming a body surface area of
4.5 to 5.0 m2 for a 500-kg horse, these sweating rates cor-
respond to fluid losses of 6–15 L per hour. This estimate of
hourly sweat fluid loss is in agreement with sweat rates cal-
culated on the basis of the decrease in body mass during
prolonged exercise under field conditions.24 When expressed
in terms of sweating rate per unit area of skin, these sweating
rates are two- to three-fold greater than those reported for
human subjects.

At any given point in time during exercise, core body tem-
perature reflects the balance between heat production and
dissipation. Soon after the onset of exercise, the rate of heat
production greatly exceeds the rate of heat dissipation such
that there is a rapid increase in muscle temperature.25 During
short-term, high-intensity exercise (e.g. racing), the rate of
heat production will exceed the rate of heat loss throughout
exercise and body temperature will continue to increase until
the cessation of exercise. In this circumstance, a large pro-
portion of the metabolic heat load will be dissipated during
the recovery period. Conversely, during more prolonged low-
to moderate-intensity exercise in temperate ambient condi-
tions, activation of heat dissipatory mechanisms progres-
sively attenuates the rate of rise of body temperature.
Eventually, the rate of heat loss increases sufficiently to
balance metabolic heat production, allowing a near steady-
state core temperature to be achieved.25

Effects of environmental heat load on
exercise responses

Not surprisingly, the thermal response to exercise is affected
by the ambient conditions. As environmental temperature
increases, the thermal gradient between the skin and the
environment is reduced, and sensible heat loss (i.e. convective
and radiative heat transfer) is impaired. When ambient tem-
perature exceeds skin temperature (> 35–36°C), the gradient
for heat transfer is reversed and the body gains heat from the
environment. If humidity is low, a decrease in sensible heat
loss can be offset by an increase in sweating rate and evapo-
rative cooling. As humidity rises, the gradient between skin
and ambient dew point is reduced and evaporative heat loss is
also impaired. The decrease in sweat evaporation is mani-

fested by excessive wetting of the skin surface and drippage of
sweat from the body. Sweat that drips from the body only
removes 5% to 10% of the heat that can be dissipated by
evaporation of sweat. Therefore, during exercise under con-
ditions of high ambient heat and humidity, the rate of heat
dissipation may be inadequate to prevent the progressive rise
in body temperature. The impact of the environment on the
rate of rise of core body temperature in exercising horses is
depicted in Fig. 41.2. The rate of heat storage when exercis-
ing in hot, humid conditions may be more than twice the rate
occurring during exercise at the same intensity in cool, dry
conditions.13,26–28

Increased demands for respiratory heat loss are reflected
by an increase in respiratory rate and during and after exer-
cise. Kohn and Hinchcliff29 reported a 20% to 25% increase
in the respiratory rate of horses during speed and endurance
tests in hot when compared to cool conditions. In laboratory
experiments, an approximately two-fold increase in post-
exercise respiratory rate has been observed in horses under
hot, humid when compared to cool, dry environmental con-
ditions.13,26 When ponies were exposed to heat (41°C dry
bulb temperature), there were three-fold increases in respira-
tory rate and blood flow to tissues of the upper respiratory
tract,30 reflecting the role of the respiratory system in heat
dissipation. Similarly, during moderate intensity (~ 30%
V̇O2max) exercise respiratory rate was five-fold greater in hot
than in thermoneutral conditions.20

An important consequence of the impairment to heat dis-
sipation during exercise in the heat is a decrease in the time
to attainment of a critical upper limit in core body tempera-
ture. In humans, it is clearly established that time to exhaus-
tion in trained subjects during exercise in the heat is inversely
related to the initial level of body temperature and directly
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Time course of rise in pulmonary artery blood temperature
(Tpa) during exercise at 50% of maximal O2 uptake in cool,
dry (room temperature [T] = 20°C; relative humidity [RH] =
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related to the rate of heat storage.31 That the lowering of core
temperature prior to the start of exercise32 or cooling the
body during the period of exercise33 will delay attainment of
the critically high body temperature and extend exercise
duration is further evidence for the relationship between
body temperature and exercise performance.

Several factors may contribute to a decrease in perform-
ance when exercise is undertaken in hot versus cool condi-
tions. These include the effects of hyperthermia on brain and
muscle function, and compromise of cardiovascular and res-
piratory function. There appears to be a critical body temper-
ature above which mammals will not continue to exercise
voluntarily, likely a protective mechanism to protect the
human or animal from reaching tissue temperatures that
harm cell function.28 Thus, a more rapid attainment in criti-
cal body temperature will translate to a reduction in exercise
duration. In trained humans exercising over a range of work
intensities in the heat, voluntary fatigue occurs at a core
(esophageal) temperature of 39.7–40.0°C.31,34–36 Further-
more, following heat acclimation procedures that enhance
thermoregulatory mechanisms and reduce the rate of heat
storage during exercise, the core temperature at the onset of
fatigue is unchanged.35,37 Measurements of central blood
(pulmonary artery) temperature in horses during heavy
exercise have demonstrated that fatigue occurs as blood tem-
perature approaches 42.5–43°C;19,38 muscle temperature
may reach 44–45°C during such high-intensity exercise.
Hypothalamic blood temperature, on the other hand, is
approximately 1°C lower than central blood temperature in
horses during heavy exercise in moderate ambient condi-
tions.15 The difference between the temperatures in these two
regions provides evidence for the existence of a mechanism
for selective brain cooling in the horse. Particularly during
exercise in the heat, the onset of fatigue at some critical upper
limit in brain temperature may represent a mechanism to
avoid heat stroke.

Human studies, dating back to the work of Asmussen and
Boje,39 have indicated that a moderately elevated, but steady-
state core body temperature is advantageous to muscle func-
tion and to the dissociation of oxygen from red blood cells
within muscle tissue. The increase in muscle temperature
acts on glycolytic and glycogenolytic enzymes, altering flux
rate through these pathways.40,41 This Q10 effect is accentu-
ated during exercise in the heat. However, at high muscle
temperature (> 46°C) deleterious structural and functional
alterations in skeletal muscle proteins can be induced.42

These proteins play essential roles in mitochondrial respira-
tion, regulation of calcium by the sarcoplasmic reticulum
and the subsequent interactions of myosin and actin, and
control of electrolyte movement across the sarcolemma.31,43

As a consequence, substantial detrimental alterations to
skeletal muscle metabolism may occur with elevation of
muscle temperature to this critical range.

During exercise heat stress, circulatory adjustments must
be regulated to maintain adequate blood flow to contracting
muscle and to the thermoregulatory tissues, particularly the
skin and the upper respiratory tract.10 Given a finite cardiac
output, the increased demands for blood flow to these

thermoregulatory tissues may compromise blood flow to
skeletal muscle, thereby limiting oxygen delivery and, possi-
bly, exercise duration. Recent studies in ponies have provided
data on the effects of environmental heat load (41°C dry
bulb) on the redistribution of cardiac output during exer-
cise.20 Blood flow to the fore and hind limbs during moderate
(~ 30% V̇O2max) and high-intensity (~ 65% V̇O2max) exercise
was reduced by as much as 25–30% when compared to
similar exercise in thermoneutral conditions. This reduction
in muscle blood flow during exercise heat stress is likely to
restrict performance and contribute to an early onset of
fatigue.

A reduction in maximal aerobic power is another poten-
tial reason for decreased physical performance during exer-
cise in the heat. A reduction in peak oxygen uptake has
been demonstrated in human subjects exercising in the
heat.44–46 When non-heat acclimatized horses performed
an incremental treadmill exercise test in hot, humid condi-
tions (temperature 30°C, relative humidity 75%), peak
expired minute ventilation, oxygen uptake and oxygen
pulse were significantly lower and plasma lactate concen-
trations higher when compared to exercise in temperate
conditions (15°C, 55% relative humidity).47 Although the
mechanism of the reduction in peak oxygen uptake in
horses exercising in heat and humidity has not been deter-
mined, it is possible that alterations in breathing strategy
that favor heat loss from the upper respiratory tract (dead
space ventilation) and compromise of skeletal muscle blood
flow result in decreased oxygen uptake and delivery.
Regardless of mechanism, such a reduction in peak oxygen
uptake is likely to impair performance relative to exercise
performed in temperate conditions.

Physiologic factors affecting
thermoregulatory capacity

The term ‘exercise heat tolerance’ refers to an ability to with-
stand high internal and external heat loads during exercise.
In humans it is well recognized that high aerobic fitness and
a period of acclimatization in the heat improves both physio-
logical and psychological responses to the challenge of
exercise in the heat.48 Adaptations in heat dissipatory mech-
anisms improve cardiovascular stability, decrease the rate of
heat storage, and increase the duration of exercise before
volitional fatigue. However, highly trained athletes are also
able to tolerate higher levels of hyperthermia when compared
to untrained individuals, that is, volitional fatigue occurs at a
higher core temperature.49 Conversely, regardless of training
or heat acclimatization dehydration decreases exercise heat
tolerance, as evidenced by an increase in the rate of heat
storage and the development of volitional fatigue at a lower
level of hyperthermia. There is now evidence that these
physiological factors also modify the thermoregulatory
capacity of horses. Specifically, conditioning and heat
acclimatization improve tolerance to exercise in the heat,
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whereas dehydration adversely affects heat dissipation in
horses during exercise.

Other factors that can influence thermoregulation in exer-
cising horses include coat color and the density of the hair
coat. Coat color will affect the quantity of solar heat
absorbed, while a long hair coat will limit evaporative heat
loss.

Conditioning

Physical training in a cool environment is broadly accepted to
improve exercise heat tolerance. The extent to which heat
dissipatory effector mechanisms are stimulated and the dura-
tion of that stimulus will determine the effectiveness of train-
ing in improving exercise-heat tolerance. Detectable changes
in heat tolerance are evident in human athletes after 1 to
2 weeks of training but are much more substantial if regular
training is sustained for 8 to 12 weeks.50–53 In human sub-
jects, the stimulus must be sufficient to elevate core tempera-
ture by approximately 1.5 to 2.0°C for a minimum of
30 min/day.50,52,53

At a given percent of maximal oxygen uptake (V̇O2max),
trained athletes have a higher metabolic rate and, hence,
greater heat production at any given relative exercise inten-
sity. Despite this higher metabolic rate, the trained individual
is able to maintain a similar core temperature when com-
pared to the untrained subject indicating an enhanced ability
to dissipate heat. Improved cutaneous blood flow and whole-
body sweating has been measured in trained individuals and
are the main contributions to more effective heat dissipation
in human subjects.54 However, highly trained human ath-
letes have been shown to have less extensive sweat fluid losses

during exercise55,56 and there is evidence for similar sweating
economy in horses following training.57 Specifically, 8 weeks
of moderate intensity treadmill conditioning resulted in a
1.6-fold increase in sweating sensitivity and an approxi-
mately 0.7°C decrease in sweating threshold in horses during
exercise in hot, dry conditions (temperature 32–24°C, rela-
tive humidity 45–55%). Despite higher sweating rates for a
given core temperature during exercise, decreases in recovery
sweating rates resulted in an overall reduction in sweat fluid
losses (Fig. 41.3).57 This enhancement in sweating economy
as a result of training may assist in minimizing demands
placed on the circulatory system by reducing the extent of
dehydration associated with fluid losses. Alterations in sweat
composition following training in horses appear to reflect
changes in the rate of sweat production rather than a
modification of the sweat gland itself.23,57

Improvements to cardiovascular function are one of the
hallmarks of training. The increase in plasma volume, stroke
volume and cardiac output all contribute to increased cardiac
stability during exercise and in particular, a lower heart rate
at the same work output.58 Expanded plasma volume in the
trained athlete also improves thermoregulatory capacity by
reducing the extent to which cutaneous blood flow is com-
promised. Increased resting plasma volume reduces the risk
of a fall in cardiac output during exercise in the face of the
decline in plasma volume associated with sweat fluid losses.
In studies of human subjects, Roberts et al59 observed earlier
onset of cutaneous vasodilation in trained individuals.
Similarly, in more recent work, Fritzsche and Coyle54 demon-
strated that cutaneous blood flow was higher in trained than
in untrained individuals at the same relative work load
despite similar core (esophageal) body temperatures. In the
horse, as in human subjects, enhanced capacity for heat
dissipation is, in part, a reflection of an expansion of blood
volume60 and likely a higher proportion of blood flow
directed to the skin surface.

The time course of decay in training-induced thermoregu-
latory adaptations after the onset of detraining has not been
determined in horses. In humans there is a strong association
between aerobic fitness and exercise-heat tolerance, and the
decline in thermoregulatory function with detraining tends
to parallel the reduction in aerobic fitness.49,50

Heat acclimatization

The term ‘acclimatization’ is used to describe adaptive
changes that occur when a subject undertakes repeated,
prolonged exposure to severe environmental conditions
(acclimation refers to the adaptations produced in controlled
laboratory conditions). In the context of the present discus-
sion, hot conditions are normally considered those that will
induce the greatest thermoregulatory challenge for horses.
As indicated previously, exercise training in a cool environ-
ment improves physiological responses when horses exercise
in hot conditions. The adaptive responses to training and
acclimatization are qualitatively the same. However, the more
profound thermal stimulus used during acclimatization will
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Fig. 41.3
Mean sweating rate for five horses averaged for 5-min
intervals during an exercise test in hot, dry conditions
(32–34°C and 45–55% relative humidity) at 50% of maximal
O2 uptake (V̇O2max) on training days (TD) 0, 28, and 56 of an
8-week training regimen. *Significantly different from TD 0 
(P < 0.05). (Data from McCutcheon and Geor.57)



result in thermoregulatory adaptations of a greater magni-
tude.60,61 Furthermore, factors that modify the environment in
which acclimatization is undertaken will influence the extent of
alterations. These differences are apparent in the higher rate of
sweat production during exercise when acclimatization occurs
in hot, dry versus hot, humid conditions.62

Human studies have demonstrated that the process of
heat acclimation begins within a few (3–5) days of regular
exposure to and exercise in the heat, with most adaptations
complete within a 14-day period.35,37,50,52,61 The most
notable changes are an increase in plasma volume, a
decrease in heart rate and core temperature during exercise,
an increase in sweating rate and initiation of sweating at a
lower body temperature, and redistribution of cardiac output
such that there is an increase in blood flow to capillary beds
of the skin. In general, the cardiovascular adaptations are
complete during the first week of acclimation, whereas
alterations in sweating responses require 10 to 14 days of
repeated heat exposure.60,61 Heat acclimation also may result
in an improved efficiency of biochemical energy transforma-
tion in contracting muscles, thereby attenuating heat pro-
duction in the acclimated versus unacclimated state.26

In horses, there is evidence that regular exercise in the heat
results in physiological adaptations that are consistent with
thermal acclimation. Marlin and coworkers38 subjected 5
horses to 15 consecutive days of treadmill exercise in 30°C and
85% relative humidity. Training consisted of a combination of
low, medium and high intensity exercise, with a total duration
of exercise-heat exposure of 80 min per day. Before and after
acclimation, horses undertook a treadmill exercise test designed
to simulate the speed and endurance test of a three-day event at
30°C and 85% relative humidity. Following acclimation, four of
the five horses were able to complete a significantly greater
amount of phase D in the exercise test (pre: 6.3 ± 0.3 min; post:
7.3 ± 0.3 min; target time = 8 min), suggesting an improve-
ment in heat tolerance. Resting body temperatures (rectal, pul-
monary artery, tail skin) were lower after acclimation, whereas
plasma volume was unchanged.38

In another study, six conditioned horses were exposed for
4 h to heat and humidity (temperature 33–35°C, relative
humidity 80–85%) for 21 days.63–66 One hour of low- and

moderate-intensity treadmill exercise (30–60% V̇O2max) was
completed during daily heat exposure. At regular intervals
during the 21-day period, horses undertook a standardized
submaximal (50% V̇O2max) exercise test in the same environ-
mental conditions. In addition, before and after 18 days of
acclimation, the horses performed the same exercise test in
hot, dry conditions (relative humidity 45–50%). Exercise
duration was defined as the time taken for attainment of a
pulmonary artery blood temperature of 41.5°C. Similar to
the findings of Marlin et al38 there were significant decreases
in resting body temperatures after 5–7 days of heat acclima-
tion. However, in contrast to Marlin’s findings, there was a
7–10% increase in plasma volume during the first week of
heat acclimation. Thereafter, plasma volume tended to
decrease and was not different from preacclimation values at
the end of the experimental period.65 There was a 25%
increase in exercise duration when comparing trials per-
formed in the hot, dry conditions before and after acclimation
(Fig. 41.4). However, heat acclimation did not increase
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Run time Body mass Total sweat Sweat loss % of Sweat loss % of total
(min) (kg) fluid loss during total during loss

associated exercise loss recovery (ml) (recovery)
with SET (L) (mL) (exercise)

Day 0 19.09 ± 1.41 454.1 ± 11.7 11.67 ± 1.23 3844 ± 380 33.8 ± 2 7413 ± 953 66.2 ± 2
Day 3 20.92 ± 1.98 452.0 ± 12.0 12.00 ± 0.86 4179 ± 645 38.0 ± 4 6452 ± 818 62.1 ± 4
Day 7 19.59 ± 1.70 449.5 ± 11.5 11.50 ± 0.99 4324 ± 756 39.8 ± 3 5772 ± 875 59.8 ± 3
Day 14 20.42 ± 1.78 449.7 ± 10.1 10.08 ± 1.31 4451 ± 577 41.7 ± 3* 5323 ± 444 58.0 ± 3*
Day 21 19.61 ± 1.86 445.7 ± 8.7 8.67 ± 0.71* 4452 ± 490 50.7 ± 3* 4193 ± 435* 49.1 ± 3*

Values are mean ± SE for six horses. Run time represents duration of exercise at 50% V̇O2max to attainment of a pulmonary artery temperature of 41.5°C.Total
sweat fluid loss includes exercise and 1 h of recovery. Exercise includes exercise at 50% V̇O2max only. Recovery includes 1 h of recovery only.
SET, standardized exercise test. *Significantly different from day 0, P < 0.05.

Table 41.2. Run time during treadmill exercise in hot and humid conditions, pre-exercise body mass and change in body mass on days 
0, 3, 7, 14 and 21 of heat acclimation in trained Thoroughbred horses
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Fig. 41.4
Mean ± SE exercise duration during a standardized exercise
test (SET) at 50% maximal O2 uptake (V̇O2max) in cool dry
(CD; room temperature [T] = 20°C; relative humidity 
[RH] = 45–55%) and hot dry conditions (T = 32–34°C,
RH = 45–55%) before (HD 0) and after 18 days of heat
acclimation (HD 18). *Significantly different from CD and HD
18; **significantly different from HD 0 (P < 0.05). (Data from
Geor et al.64)



exercise duration in the hot, humid environment,64 further
emphasizing the biophysical limitations to heat dissipation in
such conditions (‘uncompensable heat stress’).

Sweating rates greatly exceeded evaporative capacity
throughout the 21-day period of humid heat exposure, as
evidenced by profuse drippage of sweat from the body. In con-
trast to the findings of some studies in human subjects,
whole-body sweat loss was attenuated with repeated heat
exposure. Although sweating rates were slightly higher
during exercise after acclimation, a more rapid abatement of
sweating during the recovery period after exercise resulted in
a significant reduction in overall sweat losses (Table 41.2).
Similarly, calculated sweat ion losses were 26% lower after
acclimation, for the most part a result of a 10% decrease in
mean sweat sodium concentration. The more rapid decline in
sweating rate during recovery may represent an adaptive
mechanism for conservation of water and ions. An increase
in respiratory heat loss as a result of humid heat acclimation,
evidenced by an increase in postexercise respiratory rate, may
have partially offset the decrease in cutaneous heat loss
during the recovery period.63,64

In summary, horses undergo a number of physiological
adaptations to repeated cycles of exercise heat stress that are
consistent with a heat acclimation response. These adapta-
tions are evident after 7–14 days and appear to confer a
modest improvement in tolerance for exercise in the heat
although, similar to observations in man,37 this improvement
is largely negated when exercise is performed in uncompens-
able heat stress conditions (high heat and humidity).

The physiologic adaptations associated with acclimatiza-
tion to heat will diminish in the absence of the thermoregu-
latory stimulus. In human subjects, the rate of decay is
reported to vary from one to several weeks61,62 In physically
fit individuals, there is a slower rate of decay of the thermo-
regulatory adaptations emphasizing the importance of
exercise training in augmenting the benefits of heat acclima-
tization.63 The time course of the decay in thermoregulatory
adaptations in horses has not been reported.

Hydration state

Prolonged exercise, particularly when it is performed in hot
and humid ambient conditions, can result in large fluid
deficits that limit thermoregulatory and cardiovascular func-
tion. Studies in humans have demonstrated that dehydration
of as little as 2–3% of body weight can impair heat transfer
from the body core to the periphery, decrease sweating sensi-
tivity (the increase in sweating rate per unit increase in core
temperature), and increase the rate of rise in core body tem-
perature during exertion.67–69 Furthermore, dehydration
decreases exercise heat tolerance such that fatigue occurs at
a lower core temperature when compared to exercise under-
taken in the euhydrated state.70,71 In horses during 40 min of
exercise eliciting 40% V̇O2max, pre-exercise dehydration (4% of
body weight) induced by water with-holding or furosemide
administration decreased cardiac output and increased
pulmonary artery blood and middle gluteal muscle tem-

peratures (by approximately 1°C) when compared to the
euhydrated state. Peak sweating rates during exercise were
not affected by hydration state.72 The authors concluded that
the dehydration-induced impairment of thermoregulation
was primarily due to a decreased transfer of heat from core to
periphery.

The effects of dehydration on thermoregulatory function
in horses are magnified during exercise in the heat. During
90 min of treadmill running at 50% V̇O2max under hot
ambient conditions (room temperature 33–35°C; relative
humidity 50–55%), progressive dehydration equivalent to
6–8% of body weight was associated with decreases in stroke
volume, cardiac output and sweating rate, and higher blood,
muscle and rectal temperatures when compared to trials in
which hydration state was maintained by the administration
of oral fluid equivalent to approximately 85% of the incurred
sweat fluid losses.27 In summary, pre-exercise dehydration or
the progressive dehydration incurred as a result of sweat fluid
losses during prolonged exercise will impair thermoregula-
tion in horses. This impairment of thermoregulation will be
reflected by a more rapid rise in body temperature. Such an
exacerbation of hyperthermia would be expected to reduce
exercise capacity due to earlier attainment of a critical upper
limit in core and brain temperatures.

Old age

Almost all the studies that have addressed thermoregulatory
responses to exercise in horses have used young sub-
jects.6,13,19,38,57 As a result, there are very limited data on the
effects of age on thermoregulatory function during activity in
older horses. McKeever and coworkers73 demonstrated the
older horses had higher heart rates and attained a core body
temperature of 40°C in approximately 50% less time than
younger mares when both groups were required to work at
the same absolute work output (1625 watts). Despite their
inability to dissipate heat load at a similar rate during exercise
when compared to the younger mares, the older horses had
similar heart rates and core temperatures 10 min post
exercise.73,74

In human studies, older subjects have been shown to have
lower total body water and plasma volume and, as a result,
will have a smaller fluid volume that is available to produce
sweat.75,76 There is some suggestion that older subjects are
chronically hypohydrated and that these age-related alter-
ations in fluid and electrolyte status will add to an age-related
reduction in thermoregulatory capacity. However, based on
the limited data available regarding older horses, it appears
that the fluid shifts during exercise are of similar magnitude
in the aged and young horses.73,74

The sweating rate in older horses has been determined to
be higher when working at the same absolute work intensity
as younger mares. However, it would appear that this
increased sweating rate did not improve the ability of the
older horses to dissipate heat when compared to their
younger counterparts. This could suggest that higher sweat-
ing rates occurred in the presence of lower skin blood flow in
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older versus younger horses.73 An apparent decline in maximal
heart rate and stroke volume measured in older horses may
contribute to this reduced heat dissipatory capacity.77,78 While
skin blood flow measurements were not undertaken in these
studies, impaired cutaneous blood flow has been demonstrated
in older human subjects in response to exercise.76 The mecha-
nism for this age-related change in skin blood flow has not been
determined. Chronic hypohydration and a concomitant
decrease in plasma volume have been suggested as a contribut-
ing factor for differences in thermoregulatory capacity in older
versus young human subjects.75,76 In one study, pre-exercise
plasma volume was lower in old when compared to younger
mares.73 This relative hypovolemia could impair the thermo-
regulatory responses of older horses.74

Recommendations for
preparation for exercise or
competition in hot
conditions

Although it is not possible to eliminate the effects of adverse
effects of environmental conditions on exercise performance,
there is evidence from human and animal (including equine)
studies that a thorough exercise training program together with
a subsequent period of acclimatization will mitigate the impact
of the environment. Careful planning is needed for horses trans-
ported from a temperate to a hot, humid climate, and then
required to train and compete in the hot environment. These
horses should attain a high level of event-specific fitness before
the trip, and be given adequate time for acclimatization to exer-
cise in the hotter conditions. The hair coat should be clipped to
facilitate cutaneous heat loss.79 For the 1996 Olympic Games in
Atlanta, Georgia, the International Equestrian Federation rec-
ommended that horses arrive approximately 3 weeks in
advance of the events. This recommendation was based on
research studies38,63–66 that demonstrated physiological adapta-
tions consistent with heat acclimatization after 14 consecutive
days of exercise conditioning in heat and humidity. Minimal
training was recommended in the first week, to allow horses to
recover from the effects of prolonged transportation. There
should not be the expectation of conducting the major portion
of a horse’s conditioning during this period.

Initially, only light exercise should be undertaken during
the heat of the day, with harder workouts performed during
cooler periods, e.g. early morning. Subsequently, there should
be a gradual increase in the duration and intensity of exercise
performed in the heat. It is important that some exercise be
performed at the intensity required of the horse during com-
petition. Careful clinical monitoring is required to assess suc-
cessful adaptation to the environment. Collection of detailed
clinical data should begin 1 to 2 weeks before travel to the
hotter climate. These data will provide baseline information
against which to compare clinical responses during initial
days of training in the hot conditions. In addition, evaluation

of this information will provide an objective assessment of
how well the horse is adapting to the hot environment. Water
and feed intake should be measured on a daily basis. Heart
rate, respiratory rate, and rectal temperature should be
recorded before and after training sessions. The intensity of
work efforts can be estimated by use of a heart rate monitor.
Daily weighing is useful for estimation of the extent of fluid
losses associated with travel and training.

Assuming similarity in the duration and intensity of exer-
cise bouts undertaken in both cool and hot ambient condi-
tions, the exercise-induced increase in rectal temperature will
serve as an indicator of the added thermal burden associated
with the hotter conditions. The monitoring of post-exercise
rectal temperature is critical to early detection of heat
exhaustion and other heat illnesses. As there is a lag in the
rise in rectal temperature, particularly after heavy exercise in
hot and humid conditions, it is important to continue to
monitor rectal temperature during the first 5 to 10 min after
exercise. A rectal temperature that exceeds 42°C (108°F)
indicates the need for immediate and vigorous cooling.
Hyperthermia of this magnitude also may signal the need for
a reduction in the intensity or duration of exercise in the hot
ambient conditions. There may be an increase in resting
respiratory rate following the transition from cool to hot
ambient conditions. This increase reflects the thermoregula-
tory role of the respiratory system. Similarly, the postexercise
respiratory rate is typically 30–40% higher following exercise
in hot ambient conditions than in cool to moderate environ-
ments. In very hot and humid conditions (temperature of
33–35°C, relative humidity 60–75%), particularly when 
the horse is not cooled by the application of cold water, 
the respiratory rate may remain increased (up to 80–100
breaths/min) for 20–30 min after exercise. Persistence of
tachypnea after the horse is placed in a cooler environment or
is vigorously cooled may indicate that body temperature is
still markedly elevated.

Maintenance of fluid and electrolyte balance is important for
successful adaptation to a hot environment. Indeed, studies in
humans have demonstrated that any thermoregulatory benefits
derived from heat acclimation are overwhelmed by the elevated
heat stress imposed by hypohydration.61,71 The first concern is
the fluid deficit resulting from the period of transport to the new
location. Even when access to food and water is maintained
during travel, horses typically incur a substantial loss of weight
(approximately 3 kg/h of transport). Fluid losses will be higher
during road transport in hot weather. As many horses drink
poorly during the initial days in a new environment, this dehy-
dration may persist for 3 to 4 days after arrival. Oral or intra-
venous fluid support is often provided to recently transported
horses in an attempt to hasten correction of fluid balance.
Dehydration of as little as 2–3% of body weight not only impairs
thermoregulation and exercise performance but also prevents
the expansion in plasma volume that typically occurs during
the early phases of heat acclimatization. Thus, it is imperative
that dehydration is corrected before commencement of training
in the heat.

Given the increased fluid losses associated with a period of
exercise training in a hot climate, an increase in daily water
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consumption is to be anticipated. A 30 to 50% increase in 
24-h water consumption was observed in horses undergoing
heat acclimation; this change occurred within 10 days of the
start of heat exposure and largely reflected an increase in
water consumption in the 1-h period after exercise.63

Electrolyte or salt supplementation is recommended for
horses training and competing in hot climates (see Chapter 40).
Fat supplementation has been advocated as a means for reduc-
ing thermal stress in horses exercising in hot climates. A high-
fat diet (8–10% on a total diet basis) may reduce the heat
generated by colonic fermentation when compared to a more
traditional diet that is higher in roughage.5 In addition, lower
roughage intake may decrease ‘bowel ballast’, which may be
beneficial during high-intensity exercise. However, the actual
effects of these dietary manipulations on thermal load in exer-
cising horses have not been quantified. A limited number of
studies have demonstrated that fat supplementation has no
effect on fluid and electrolyte balance in horses performing 
daily exercise in hot conditions (mean daily temperature of
29.2°C).80,81

Diseases caused by
inadequate
thermoregulation

In human medicine, several terms are used to describe syn-
dromes associated with environmental heat exposure or
exercise-induced hyperthermia; these include heat stress, heat
exhaustion and heat stroke. Heat stress is defined as ‘perceived
discomfort and physiological strain associated with exposure
to a hot environment, especially during physical work’,
whereas heat exhaustion and stroke refer to mild-to-severe
illness that result from exposure to high environmental
temperatures or strenuous physical exercise.82

As discussed above, heat stress can occur when horses are
exercised in warm ambient conditions, wherein physiological
strain is evidenced by a more rapid rise in core body tempera-
ture, more severe exercise-induced dehydration, and higher
heart and respiratory rates during recovery when compared to
similar exercise in cool or moderate environments. The horse’s
prodigious capacity for sweating comes at a cost; high rates of
sweat fluid loss can result in moderate to severe dehydration and
electrolyte abnormalities that predispose to development of
muscle cramping, rhabdomyolysis and synchronous diaphrag-
matic flutter (SDF). Furthermore, dehydration can impair heat
dissipation and contribute to the progression from heat stress to
heat exhaustion or heat stroke.

Anhidrosis (‘dry coat’)

● Defined as an inability to sweat effectively in response to
suitable stimuli such as heat or exercise.

● Occurs almost exclusively in horses living in hot or hot and
humid climates.

● The mechanism of anhidrosis is not understood, but may
involve down regulation of sweat gland �2-receptors.

● Clinical signs include patchy and inadequate sweating,
marked hyperthermia in response to exercise, and delayed
recovery of rectal temperature, heart rate and respiratory
rate after exercise. Horses with long-standing anhidrosis
may exhibit dry and flaky skin with alopecia.

● Exercise during cooler periods of the day, housing the
horse in an air-conditioned stall, or relocation to a more
temperate climate are possible preventive strategies.

Recognition

History and presenting complaint

Affected horses often present with a history of poor or
decreased exercise performance or exercise intolerance. On
occasion, a dermatologic abnormality is the initial presenting
complaint. An absent or inappropriate sweating response is
often not detected by owners and trainers. Instead, they
report poor exercise performance, labored breathing after
exercise, and deterioration of the hair coat. The condition is
normally more evident during hotter summer months.

Physical examination

Affected horses develop the problem in the summer months and
usually recommence sweating in the winter. The primary
clinical signs of anhidrosis reflect inadequate cutaneous evapo-
rative heat loss, and include failure to sweat, tachypnea at 
rest, elevated rectal temperature, and a delayed postexercise
recovery in rectal temperature and respiratory rate. Tachypnea
(> 60–80 breaths per min) with marked nostril flare can persist
for 60 or more minutes after exercise. Affected horses may seek
shade or attempt to cool themselves with water (e.g. stand in
water troughs), particularly during the heat of the day.

The degree of anhidrosis is variable, ranging from partial
sweat production to complete absence of sweating. Body
areas that may retain the ability to sweat include under the
mane, the saddle and halter regions, and the axillary,
inguinal and perineal regions. Sweat gland density is highest
in these regions, and these areas appear to the last affected
prior to onset of complete anhidrosis. Dermatologic abnor-
malities in horses with long-standing anhidrosis include a
dry, sparse hair coat with excessive scaling and alopecia,
particularly of the face, neck and shoulders.

Diagnosis

The diagnosis of anhidrosis is predominantly based on
history and repeated demonstration of inadequate sweating
in response to adequate thermogenic stimuli. Semiquantitative
data on sweating response may be obtained by intradermal skin
testing using injection of a specific �2-agonist such as terbu-
taline or salbutamol. Serial dilutions (10–3 to 10–8 [w/v]) of the
�2-agonist and a control saline solution are injected into shaved
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areas over the neck. Normal horses sweat in response to all
dilutions, usually within 15–20 min of injection. Horses 
with partial anhidrosis sweat only in response to the highest 
�2-agonist concentration, whereas horses with more severe
anhidrosis may be refractory to all concentrations. Histological
examination of skin sections may be unrewarding, although
ultrastructural changes in the sweat glands and surrounding
tissues may be evident. These changes include thickening of the
basal lamina and connective tissues, and a marked reduction in
the number of secretory cell vesicles. The lumen of sweat gland
ducts may be obstructed with cellular debris, and luminal
microvilli are often absent.

Anhidrosis should be differentiated from respiratory
diseases that result in an increase in respiratory rate.

Treatment and prognosis

Therapy

Given the paucity of knowledge as to the underlying mech-
anisms for the altered pattern and intensity of sweating, no
effective treatment has been determined. However, the risk of
heat stress and heat stroke can be mitigated by a combination
of environmental and management strategies. The only
recognized effective treatment is to remove affected horses to
a cooler environment, either physically (i.e. move to a more
temperate climate) or by the use of air conditioning or other
means of assisted cooling. Some change in exercise routine 
is required. Heavy training and competition during the
summer months should be discouraged. On the other hand,
anhidrotic horses that are rested during the summer may
train and compete successfully during the cooler winter
months. Anecdotally, affected horses resume a more normal
sweating response as night-time temperatures begin to
decline. For horses maintained in exercise training during the
summer, workouts should be conducted during cooler periods
of the day (e.g. early morning) and they should be cooled
aggressively after exercise (e.g. the liberal and repeated appli-
cation and removal of cool water over the entire body).

A variety of nutritional supplements have been advocated
in the treatment of anhidrosis, but objective data on the efficacy
of these products is not available. Anecdotally, some veterinari-
ans and trainers have reported that horses with a history of
anhidrosis that are treated with electrolyte supplements (espe-
cially sodium and potassium) before the onset of hot weather
and during the summer months do not develop further episodes
of anhidrosis. As tyrosine is thought to be important for the
resensitization of �2-receptors, supplementation with this
amino acid has been recommended for horses with anhidrosis.
Similarly, some veterinarians have claimed success when
affected horses are supplemented with vitamin E (1000–
3000 U/day) or iodinated casein (10–15 g/day for 4–8 days).

Prognosis

There is anecdotal evidence that most affected horses
respond favorably to a change in environment and begin to
sweat normally after a few days to weeks. A complete return

to normal sweating function may take 3–4 months in some
horses. There are no published reports on the long term
follow-up of horses with anhidrosis. However, it is gen-
erally believed that horses with a history of anhidrosis 
will become anhidrotic when again exposed to hot, humid
conditions.

Etiology and pathophysiology

The pathophysiological mechanisms underlying anhidrosis
are not known. Various factors have been suggested, includ-
ing electrolyte imbalances, hypothyroidism, sweat gland
exhaustion, plugging or blocking of the sweat gland ducts 
to the surface, failure of secretory function, and a down-
regulation of glandular sensitivity. The most plausible cause
is altered sweat gland receptor function. It is thought that
overstimulation of sweat gland �2-receptors results in dimin-
ished function via desensitization or downregulation of the
receptors. Even apparently normally sweating horses have
reduced sensitivity to intradermal epinephrine (adrenaline)
in a hot and humid environment.83 That many anhidrotic
horses once again achieve adequate sweat production upon
removal to a cooler climate emphasizes the importance of
environmental conditions to the development of clinical
disease. One hypothesis is that increased circulating epineph-
rine (adrenaline) concentrations result in overstimulation of
the sweat glands. Beadle et al.84 reported higher resting epi-
nephrine (adrenaline) concentrations in anhidrotic horses
compared with control horses in the same hot and humid
climate. However, other studies83,85 did not detect a difference
in epinephrine (adrenaline) concentrations between control
and anhidrotic horses.

For the equine athlete, the loss of an adequate sweating
response translates into a reduction in the efficacy of heat
loss through evaporation and an early and excessive increase
in core temperature in response to moderate exercise.
Exercise intolerance and poor performance can be attributed
to hyperthermia. Increased respiratory rate, both at rest and
after exercise, reflect an attempt to dissipate heat via the
respiratory tract.

Epidemiology

Anhidrosis is almost exclusive to horses living in hot or 
hot and humid climates. It is estimated that as much as 20% of
the population of athletic horses exercising in hot humid
climates experience some degree of anhidrosis. However, more
severe signs of anhidrosis are recognized in a smaller percent-
age of horses.86 Anecdotally, greater susceptibility is evident in
horses bred and raised in cooler climates and transported to a
warm and humid climate for training or competition.

Prevention

There is no proven strategy for the prevention of anhidrosis
in horses kept in hot and humid climates. However, further
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episodes of anhidrosis may be prevented by relocation to a
cooler climate. When physical removal from the hot climate is
not possible, exercise and environmental management can
prevent excessive hyperthermia and minimize the risk of heat
stress or stroke.

Heat exhaustion/heat stroke

● Heat illnesses can result from exposure to high environ-
mental temperature (non-exertional heat stroke) or, more
commonly, from strenuous exercise (exertional heat stroke)
undertaken in hot and/or humid ambient conditions.

● Heat exhaustion is a mild-to-moderate illness charac-
terized by hyperthermia, tachypnea, dehydration, and
fatigue. A more severe exhaustion syndrome attributed to
the combined effects of hyperthermia, fluid and electrolyte
deficits, and substrate depletion occurs in horses under-
taking endurance exercise.

● Heat stroke is a severe illness in which there is thermo-
regulatory failure and development of multiorgan dys-
function, including encephalopathy.

● Clinical features common to heat exhaustion and heat stroke
include hyperthermia, tachypnea with panting, tachycardia,
evidence of dehydration, and fatigue. Other signs may
include reduced sweat production with dry hot skin, syn-
chronous diaphragmatic flutter (SDF), muscle cramps, and
colic. With heat stroke, these signs are accompanied by
neurologic abnormalities including weakness, ataxia pro-
gressing to collapse, convulsions, coma, and death.

● Exhausted horses that have sustained large sweat fluid
losses may develop a ‘postexhaustion syndrome’ charac-
terized by renal failure, laminitis, hepatic failure,
myonecrosis and a high mortality rate.

● Therapy includes rapid assisted cooling, intravenous fluids
for correction of dehydration and electrolyte and acid–base
abnormalities, and judicious use of anti-inflammatory
drugs.

Recognition

History and presenting complaint

Heat exhaustion and heat stroke can occur in any environ-
mental condition but are more likely to occur in a hot and
humid environment. These conditions should be viewed as a
continuum; a state of heat stress can progress rapidly to heat
exhaustion or heat stroke. Most often, heat stroke is recog-
nized in association with exercise, particularly when under-
taken in hot and humid ambient conditions. Affected horses
may have a history of anhidrosis or prior episodes of heat
exhaustion. Less commonly, heat stroke may develop in horses
confined in closed trailers or buildings during hot weather.
Affected horses may present with complaint of fatigue, depres-
sion, weakness, stilted gait, respiratory distress, and neuro-
logic abnormalities including seizures.

Physical examination

The clinical signs of heat exhaustion reflect the deleterious
effects of hyperthermia, dehydration, hypovolemia, and elec-
trolyte disturbances on the function of many body systems.
Hyperthermia (rectal temperature > 41–42°C), elevated
heart rate (> 60–80 bpm), rapid, shallow respirations
(> 80–100 breaths/min), dehydration, and evidence of
fatigue are often present. Horses that have completed pro-
longed exercise in hot weather (e.g. an endurance race) are
often dehydrated and hypovolemic. Therefore, skin elasticity
may be decreased, capillary and jugular refill time delayed,
and mucous membranes tacky or dry. Cardiac auscultation
or electrocardiographic examination may indicate a tachy-
arrhythmia. Horses may be unwilling to drink despite moder-
ate to severe dehydration. While fatigued, these horses do not
necessarily appear depressed, although they might exhibit a
slightly stiff gait and possibly lameness in association with
muscle cramping or soreness. High metabolic heat load is
often reflected in a delayed postexercise recovery of heart and
respiratory rates (more than 20–30 min) and excessive
sweating. Rectal temperature may continue to rise during the
5–10 min period immediately following the cessation of exer-
cise. Decreased anal tone, muscle cramping and SDF may be
evident.

By definition, both hyperthermia and central nervous
system dysfunction must be present for a diagnosis of heat
stroke. Signs of heat stress or exhaustion are accompanied by
evidence of brain dysfunction, including a weak, staggering
gait, depression or poor mentation, convulsions and coma.
There may be excessive sweating with a uniformly wet hair
coat or, especially in dehydrated animals, a hot dry skin with
dilated cutaneous vasculature.

A number of serious complications can develop in horses
with heat exhaustion or stroke. In horses undertaking
prolonged exercise that results in exhaustion, glycogen
depletion, and marked fluid and electrolyte deficits, such as
endurance rides of 50 to 150 miles, a ‘postexhaustion syn-
drome’ characterized by multiorgan dysfunction or failure
may develop. These horses may develop laminitis, colic, renal
and/or hepatic failure, or myonecrosis in the 1–3-day period
after the strenuous exercise. Similarly, horses that recover
from the acute phases of heat stroke may develop a syndrome
of multiorgan dysfunction characterized by renal and hepatic
failure, laminitis, pulmonary edema and respiratory distress,
and disseminated intravascular coagulation.

Diagnosis

A number of clinicopathologic abnormalities may be present
in horses with heat exhaustion or stroke. Respiratory alkalo-
sis due to hyperventilation is usually present. Metabolic
alkalosis or acidosis (lactic acid accumulation) may be present
depending on the nature of the exercise performed. There is an
increased PCV, Hb, red cell count, and TPP and elevated creatine
kinase and aspartate aminotransferase activity and decrease
serum electrolytes (P, Cl, Ca [total and ionized], Mg, and possibly
Na). A stress neutrophilia and lymphopenia with possible 
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degenerative left shift and leukopenia in face of impending diar-
rhea may be evident. Severe dehydration and the possible onset
of renal disease may be reflected in elevated blood urea nitrogen
and creatinine. Urinalysis may reveal high specific gravity (with
dehydration and normal renal function) or low specific gravity
when renal disease is present with or without evidence of
protein or blood in urine. A clotting profile may indicate dis-
seminated intravascular coagulation (thrombocytopenia,
increased fibrin degradation products, and prolonged pro-
thrombin time).

Treatment and prognosis

Therapy

Horses exhibiting signs of heat stroke require immediate and
aggressive use of cooling techniques and intravenous fluid
administration. The horse should be removed from direct sun-
light to minimize further radiative heat gain. Unnecessary tack
should be removed and the horse left unblanketed. If available,
the horse should be positioned in front of high-output fans to
increase convective heat loss. Cold water should be applied to
the head, neck and body; this will increase the temperature gra-
dient between the skin and the environment, and therefore
increase conductive heat loss. The applied water must be quickly
removed by use of a skin scrapper with subsequent application
of further cool water to maintain this gradient. Misting fans are
sometimes available at competitions held during the summer
months; these also assist heat dissipation. Internal cooling tech-
niques, such as the intragastric or rectal administration of cold
water may be attempted. However, the latter obviates use of the
rectum for monitoring the temperature response to therapy.
Assisted cooling should be continued until rectal temperature is
less than 39°C.

Large volume intravenous fluid replacement is indicated.
Normal saline (0.9% NaCl) is the fluid of choice in cases of
metabolic alkalosis, but any balanced polyionic solution (e.g.
lactated Ringer’s solution) is suitable in the face of hypo-
volemia and dehydration. As much as 60–80 L of fluid may
be required over a 6- to 12-h period in severely dehydrated
horses. Subsequent fluid therapy should be guided by clinical
assessment and the results of serum biochemical analysis.
Supplemental calcium may be required in horses with SDF.
Oral fluid therapy may be considered providing the horse has
normal gut sounds and no clinical evidence of colic or gastric
reflux. Further details on the correction of exercise-induced
dehydration and electrolyte disturbances are presented in
Chapter 40.

The role of antipyretic and anti-inflammatory agents (e.g.
non-steroidal anti-inflammatory drugs [NSAIDS]) in the
management of heat stroke is unknown. Animal studies have
demonstrated that the correction of hyperthermia after the
onset of heat stroke may not prevent inflammation, coagula-
tion, and progression to multiorgan dysfunction. On the
other hand, treatment with glucocortocoids and immuno-
modulators such as interleukin-1 (IL-1) receptor antagonists
improves survival in animals with heat stroke.83 Other
studies have shown that salicylates and NSAIDs enhance

cellular protection against heat stress via induction of the
transcription and translation of heat-shock proteins.87

Accordingly, there may be rationale for the judicious use of
NSAIDs (e.g. flunixin meglumine, 1.0 mg/kg) and glucocorti-
coids (e.g. methylprednisolone sodium succinate, 2–4 mg/kg
i.v.) in horses with heat stroke. NSAIDs should also be admin-
istered if the horse has pain associated with colic, exertional
rhabdomyolysis, or laminitis.

Rest is paramount and therefore it is advisable to transport
the horse back to a stabling area once their condition has
been stabilized to avoid the requirement for further exercise.
Close clinical monitoring is required for a 3–5-day period
after an episode of heat exhaustion or heat stroke. This
should include clinical assessment of attitude, appetite,
hydration status, gastrointestinal function and digital pulses.
Serial measurements of serum biochemistries should also be
performed. These evaluations will guide further therapy.

Prognosis

There are no reports of long-term follow-up of horses that
have suffered an episode of heat stroke. Clinical experience
has indicated that the prognosis for heat stroke is variable
depending on severity. The recovery of central nervous
system function during cooling is a favorable prognostic 
sign. On the other hand, persistence of neurologic abnormal-
ities and/or the development of complications such as pul-
monary edema, laminitis, renal or hepatic failure and
disseminated intravascular coagulation indicate a much
poorer prognosis.

Etiology and pathophysiology

A complex interplay of physiological alterations that accom-
pany hyperthermia including circulatory failure, hypoxia,
increased metabolic demand, and inflammatory and coagu-
lation responses result in the development of heat stroke and
the associated progressive multiorgan dysfunction.82 Heat
stress induces thermoregulatory, heat shock and acute phase
responses. Thermoregulatory failure, altered expression of
heat-shock proteins and an excessive acute phase response
individually or collectively contribute to the development of
heat stroke. Studies in animal models have demonstrated
increased production of nitrogen or reactive oxygen species
with splanchnic hypoperfusion, the result of the diversion of
blood flow to the cutaneous circulation and away from the
gut.82 Subsequent mucosal injury and hyperpermeability
allows the escape of endotoxin into circulation, further stim-
ulating the acute phase response and the production of pyro-
genic cytokines and nitric oxide, both of which can further
interfere with thermoregulatory mechanisms. The produc-
tion of these cytokines and nitric oxide can therefore precipitate
hyperthermia, hypotension, and heat stroke (Fig. 41.5).

In addition to the leakage of endotoxin from the intestine,
hyperthermia can also lead to the release of IL-1 and IL-6
proteins from muscle. A high level of activation of leukocytes
and endothelials cells with subsequent release of pro- and anti-
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inflammatory cytokines (IL-1, IL-6, IL-10, tumor necrosis factor
�), upregulation of cell-surface adhesion molecules, and shed-
ding of soluble cell-surface adhesion molecules as well as acti-
vation of coagulation and inhibition of fibrinolysis. Direct
cytotoxic effects to cells and the inflammatory and coagulation
responses result in endothelial injury and microthrombosis.82

A critical thermal maximum beyond which lethal injury
occurs has been determined in several mammalian species.88

In humans, critical thermal maximum is a core body temper-
ature of 41.6°C to 42°C for 45 min to 8 h. The critical core
temperature for horses has not been determined. However,
exercise-associated elevation in muscle temperature above
43°C (109.4°F) results in alterations in muscle mitochondria
and sarcoplasmic reticulum in horses.89 As previously dis-
cussed, the onset of volitional fatigue in humans occurs at a

core (esophageal or rectal) temperature of approximately 40°C,
whereas studies in horses indicate that voluntary exhaustion
does not occur until core or rectal temperatures of 42°C or
greater. It is possible that horses have higher heat tolerance
when compared to humans. Alternatively, the thermal limit to
exercise may be very similar to that associated with the induc-
tion of heat stroke,28 further emphasizing the need for the close
monitoring of horses exercising in warm conditions.

Epidemiology

Epidemiological data on risk factors for heat stroke in horses
are not available. However, poor physical conditioning, lack
of heat acclimatization, prolonged exercise in hot and humid
ambient conditions, dehydration, long hair coat, and obesity
are factors that may increase the risk of exertional heat
stroke. Horses with a history of anhidrosis are obviously at
higher risk for heat stroke. In addition, the heavily muscled
breeds (e.g. Warmbloods) may be at higher risk because of a
low body mass to surface area ratio.

Prevention

One of the most important criteria for the prevention of heat
stress is ensuring that horses have undertaken a training
program that is adequate for the level of exercise or competi-
tion that will be demanded of them. However, it should be
recognized that it is possible to overwhelm the thermoregula-
tory capacity of horses with a high level of physical condi-
tioning when exercise is prolonged and/or there are adverse
environmental conditions that will impair heat dissipatory
mechanisms. Under such conditions, seeking shade at stops
to reduce solar heating, using fans to improve convective
cooling, and frequent, copious application of cool water will
reduce the rate at which heat is stored.

As stated previously, an adequate training program will sub-
stantially improve thermoregulatory efficiency during exercise.
When there is a requirement to compete in severe (i.e. hot) envi-
ronmental conditions, then acclimatization to hot conditions
will further enhance the horse’s ability to thermoregulate in
adverse conditions. Under such conditions greater attention
needs to be paid to ensuring that there are an adequate number
of stops during which cooling can take place. The extent of fluid
losses can be ameliorated if horses are trained to drink fluids at
rest stops during competition. Early recognition of hyperther-
mia and heat exhaustion with aggressive medical intervention
will prevent development of heat stroke.
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Methods

Blood samples should be collected using appropriate equip-
ment and techniques. The jugular vein is commonly used for
blood sampling and blood is collected into evacuated glass
collection tubes. For routine hematology, blood samples
should be collected into tubes containing ethylenediamine-
tetra-acetic acid (EDTA) as an anticoagulant. Given that
EDTA can cause a pseudothrombocytopenia,1 an additional
sample may be collected into sodium citrate to ensure an
accurate assessment of platelet numbers. Samples for serum
or plasma biochemistry can be collected into tubes that do
not contain an anticoagulant (serum) or into tubes contain-
ing lithium or ammonium heparin (plasma). Some laborato-
ries prefer serum to plasma samples; it is therefore wise to
ascertain the laboratory’s preference prior to collection of
blood samples. It is also important to note that samples col-
lected into EDTA are unsuitable for plasma biochemistry
measurements whereas samples collected into heparin are
unsuitable for hematology. In addition, if plasma glucose or
lactate values are to be measured, blood should be collected
into tubes containing sodium fluoride/potassium oxalate as
an anticoagulant.

When assessing hematology, the technique of collection,
the horse’s attitude and degree of excitement, relationship to
feeding, and time of day can all have a profound effect on
values. In addition, storage of blood samples overnight may
result in a slight elevation of hematocrit and mean cell hemo-
globin (MCH), probably due to enlargement of erythrocytes.2

Storage of blood samples can also result in alterations in
plasma or serum biochemistry. Therefore, it is important to
standardize collection and handling techniques as much as
possible.

The temperament of the horse and the technique used by
the sample collector can have an important effect on both the
erythrocyte and leukocyte values.3–5 Excited horses that
resist venepuncture and move about forcefully have higher

Blood consists of many components that play an essential role
in supporting the increased metabolic rate during exercise by
transporting oxygen, water, electrolytes, nutrients, and hor-
mones to working muscles. In addition, carbon dioxide and
other waste products produced during exercise are removed
from muscle by the circulation. Finally, blood components are
important in buffering the acid–base changes associated with
exercise. The cellular components of blood include erythro-
cytes, leukocytes, and platelets, whereas the plasma compo-
nent is made up of water, electrolytes, plasma proteins, and
various hormones and enzymes.

Over the years, evaluation of the hemogram and plasma
or serum biochemistry has been used to assess the health
status or function of a range of body systems in the athletic
horse. These tests are commonly used to assess fitness and
performance potential, as well as to investigate poor perfor-
mance in horses. However, there is a wide degree of variation
in values of various blood constituents depending on, among
other things, whether a horse is at rest or is exercising when
the sample is collected. Additionally, the training status of a
horse, as well as sampling techniques, can directly affect the
hemogram and serum or plasma biochemistry. It is important
that the veterinarian is aware of how such factors may
impact test results. In this chapter, those factors that can
affect the interpretation of hematology and serum or plasma
biochemical profile will be detailed.

Hematologic and serum
biochemical responses to exercise
and training
Janene K. Kingston
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erythrocyte and leukocyte counts.4 This may relate to the
time taken to collect a blood sample in more fractious horses. 
It takes 30–60 s to mobilize erythrocytes from the spleen
following the administration of intravenous epinephrine
(adrenaline).6 It is likely that samples collected within 30 s from
less excited horses have fewer or less marked alterations in the
hemogram.4,7 At the other end of the spectrum, it is possible
that very placid horses have values for red cell indices that are
lower than the mean for values for the breed.8 Therefore, 
it is important to note the attitude of the horse during blood
collection so that the results can be correctly interpreted.

Other important factors that affect the hemogram and
serum or plasma biochemistry are the diet and time of feeding.
For example, in the hours after ingesting a hay meal there is a
substantial increase in hematocrit and plasma protein concen-
tration (Fig. 42.1).9 These changes are a result of increased
salivary fluid production9 and fluid shifts from the circulation
to the gastrointestinal tract.10–12 Furthermore, feeding a large
concentrate meal results in a 12% increase in plasma protein
concentration with significant reductions in plasma
volume.12,13 Therefore, one should avoid collecting blood
samples within 3 h of feeding a large concentrate meal or hay
ration, or at least ensure that samples are collected at the same
time each day and that feeding status is noted to allow for
appropriate interpretation of values.

Following exercise it takes 1 to 2 h for hemogram changes to
return to pre-exercise values. If blood samples are collected in
the afternoon after morning exercise, there is a higher
proportion of neutrophils and higher leukocyte numbers than
in blood samples collected in the morning before exercise.14

However, there does not appear to be a significant difference
between hemograms for samples collected from resting horses
either in the morning or afternoon.15 It is therefore recom-
mended that blood samples are collected either prior to exercise
in the morning or on days when horses do not exercise to avoid
exercise-induced effects on the hemogram.

Hematology

Structure and function

Erythrocytes

Erythrocytes are anucleate cells that normally circulate for
several months in blood. Their primary purpose is to carry
hemoglobin, a heme-containing protein that accounts for
95% of the total protein in erythrocytes. Erythrocyte func-
tions include oxygen transport to the tissues, carbon dioxide
transport to the lungs, and hydrogen-ion buffering, all of
which are inter-related.

Oxygen transport

Oxygen is carried in the blood in two forms. Most oxygen is
carried in combination with hemoglobin but some is carried as
dissolved oxygen. Under normal conditions in arterial blood,
0.3 mL of dissolved oxygen is carried per 100 mL of blood.

The amount of oxygen transported by hemoglobin is
much greater than that carried in the dissolved form.
Hemoglobin is a tetrameric protein consisting of four
polypeptide globin chains, each of which contains a heme
prosthetic group. Each hemoglobin tetramer can bind four
molecules of oxygen when fully saturated. Under normal
circumstances, the presence of hemoglobin-containing
erythrocytes increases the oxygen-carrying capacity of blood to
approximately 70 times more than that that would be trans-
ported dissolved in plasma.16 The oxygen molecule combines
loosely and reversibly with the heme portion of hemoglobin.
The partial pressure of oxygen (PO2) affects the quantity of
oxygen bound with hemoglobin. When the PO2 is high, as in the
pulmonary capillaries, oxygen binds with the hemoglobin, but
when the PO2 is low, as in the tissue capillaries, oxygen is
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Fig. 42.2
Oxygen–hemoglobin dissociation curve in resting (solid line) and
heavily exercising (dashed line) horses. PO2, partial pressure of
oxygen; SO2, percentage saturation of hemoglobin. (Adapted
from Lekeux.17)
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released from the hemoglobin. There is a progressive increase in
the percentage of hemoglobin that is bound with oxygen as PO2
increases, yielding the oxygen–hemoglobin dissociation curve
(Fig. 42.2).17 The curved nature of the oxygen–hemoglobin dis-
sociation curve has several physiological advantages. The flat
upper portion means that even if the alveolar gas PO2 falls
somewhat, loading of oxygen will be little affected. In addition,
as the red cell takes up oxygen along the pulmonary capillary, a
large partial pressure difference between alveolar gas and blood
continues to exist when most of the oxygen has been trans-
ferred, hastening diffusion. The steep lower portion of the
dissociation curve means that the peripheral tissues can with-
draw large amounts of oxygen for only a small drop in capillary
PO2. This maintenance of blood PO2 assists the diffusion of
oxygen into the tissue cells.16

The oxygen–hemoglobin dissociation curve can be dis-
placed such that the affinity for oxygen is altered. Factors that
shift the curve include changes in carbon dioxide concentra-
tion, blood temperature, blood pH, and the concentration of
2,3-diphosphoglycerate (2,3-DPG). Changes in blood carbon
dioxide and hydrogen ion concentration have a significant
effect in enhancing oxygenation of blood in the lungs and
enhancing the release of oxygen from the blood to the tissues
through the Bohr effect.

Carbon dioxide transport

Carbon dioxide is transported in blood as either dissolved
carbon dioxide (5%), bicarbonate ions (70–90%), or as car-
bamino compounds (5–10%). The majority of carbon dioxide
is transported as bicarbonate ions. This is because erythro-
cytes have a high activity of carbonic anhydrase, an enzyme
that catalyzes the reaction between carbon dioxide and water.
This reaction makes it possible for water to interact with large
quantities of carbon dioxide, enabling transport of carbon
dioxide from the tissues to the lungs in the form of bicarbon-
ate. This is particularly important during exercise as working
muscles release large quantities of carbon dioxide.

As described earlier for the Bohr effect, the partial pressure of
carbon dioxide and pH can loosen the binding of oxygen with
hemoglobin. Conversely, oxygen can also act to displace carbon
dioxide and hydrogen ions from hemoglobin; this is termed the
Haldane effect. Both the Bohr and Haldane effects can be
explained by the fact that deoxyhemoglobin is a weaker acid
than oxyhemoglobin. Hence, deoxyhemoglobin more readily
accepts hydrogen ions liberated by the dissociated form of car-
bonic acid at the tissue level when carbon dioxide is released into
the blood from the tissues. This allows more carbon dioxide to be
transported in the form of bicarbonate ions. At the same time,
the association of hydrogen ions with hemoglobin lowers the
affinity of hemoglobin for oxygen causing a shift of the
oxygen–hemoglobin dissociation curve to the right, facilitating
the unloading of oxygen at the tissue level.16

Leukocytes

Leukocytes have a primary role in immune function. There
are normally six different types of leukocytes found in the

circulating blood: neutrophils, eosinophils, basophils, mono-
cytes, lymphocytes, and occasional plasma cells. In resting
blood samples, the white cell count does not reflect the total
intravascular pool, as this consists of both the circulating and
marginal pools, the latter being sequestered in capillary beds
and the spleen.18 Therefore, any factors that cause mobiliza-
tion of cells from the marginal pool will increase the numbers
of leukocytes in the circulating pool. Such factors include
plasma catecholamine and cortisol concentrations.
Therefore, recent stress such as transportation or exercise of
a horse can alter the white cell count in blood samples.

Platelets

Platelets are anucleate cell fragments derived from mega-
karyocytes in the bone marrow that normally circulate in the
bloodstream for 4–5 days. Platelets interact with the endo-
thelium and circulating coagulation factors in the maintenance
of normal hemostasis. In addition, platelets are also thought to
be involved in inflammatory and immunological processes.19

Platelets are also sequestered in the spleen and are subject to
increases in circulating numbers with splenic contraction.
Platelets are also subject to activation following injury of the
endothelium, through inappropriate handling in vitro and
potentially through sheer stress in the vascular system. For the
exercising horse, each of these factors is a consideration when
evaluating both platelet numbers and activation status.

The normal resting hemogram

For the normal resting hemogram, the normal range for an
individual horse is quite narrow, whereas there are much
broader ranges across horse breeds, with further variation
due to age and state/type of training. The normal ranges for
various breeds, age groups, and horses in training are given
in Appendices 1 and 2. The red cell indices show the greatest
variation amongst breeds. This relates to factors such as
plasma volume expansion seen in endurance-trained animals
but not in Thoroughbred or Quarter Horse race horses. In
addition as mentioned earlier, the temperament of a horse
can significantly affect red cell indices.

Hematologic responses to exercise

Erythrocyte indices

Exercise has variable effects on the hemogram depending on
work intensity (Fig. 42.3).20–28 Exercise generally results in
mobilization of splenic erythrocytes and, therefore, increases
the oxygen transport capacity. The extent of the potential
increase in circulating red cell mass is quite remarkable, as
the spleen has the capacity to store up to 50% of the total red
blood cell pool.29 The release of splenic erythrocytes is under
the influence of catecholamines. Both the intensity and dura-
tion of exercise are important in determining the magnitude
of the catecholamine response.30 The extent of the increase
in hematocrit is a function of exercise intensity, with a linear
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relationship between hematocrit and speed,23,31 up to a
maximum hematocrit of approximately 60–65%.7 There are,
however, variations in splenic capacity in association with
breed of the horse as well as age. Draught horses have lower
relative splenic weights compared to Thoroughbred horses32

and it appears that splenic capacity alters in response to
increasing age (from 1 to 3 years) in Trotters.31,33

While the majority of the increase in hematocrit during
high-intensity exercise is attributable to splenic contraction,
exercise-induced fluid shifts also play a role. For horses perform-
ing moderate short-term incremental exercise there is a 5–10%
decrease in plasma volume.34 However, given the substantial
fluid losses incurred during prolonged endurance exercise, it is
likely that reductions in plasma volume play a greater role in
changes in hematocrit observed in endurance exercise.

In association with the increases in hematocrit are increases
in the erythrocyte count and hemoglobin concentration. As a
consequence of the increase in hemoglobin concentration there
is an increased oxygen transport capacity, an important factor
in the horse’s high aerobic capacity.35 Indeed, studies of splenec-
tomized horses have shown a marked reduction in exercise
capacity.29,36 However, the increase in blood viscosity associated
with exercise and increased hematocrit37–39 likely reaches a
point that offsets improved oxygen-carrying capacity. This prob-
ably accounts for the marked reduction in performance in
horses with red cell hypervolemia.31

Other erythrocyte changes associated with high-speed
exercise include small increases in mean corpuscular volume
(MCV) and decreases in MCH and mean corpuscular hemo-
globin concentration (MCHC). In addition, erythrocytes in
blood samples obtained after exercise are more resistant to
osmotic stress.40 However, although Smith et al40 did not

detect any differences in erythrocyte deformability, Geor et
al39 detected reduced erythrocyte deformability during
exercise. The difference between these two studies may be
attributable to the techniques used to assess erythrocyte
deformability. Deformability of erythrocytes is considered to
be the major determinant of resistance of blood to flow in the
microcirculation,41 with reduced erythrocyte deformability
potentially increasing blood flow resistance. However, horses
are remarkably resistant to changes in blood viscosity associ-
ated with increases in hematocrit, likely because of changes
in red cell deformability.42,43

It has been reported that there are large numbers of
echinocytes released during exercise.44 However, other
studies of horses exercising for shorter durations at higher
intensity have found the concentration of echinocytes to be
quite low.39,40 These differences might relate to exercise
intensity and duration or possibly to the breed of horse. The
significance of echinocytes is unclear, however for short
duration, high-intensity exercise, they are probably not of
physiologic importance in changing oxygen delivery.40 Their
role in prolonged low-intensity exercise is yet to be defined.

There is a four-fold increase in oxygen extraction from
blood during exercise. This increase in extraction ratio is
facilitated by a rightward shift of the oxygen–hemoglobin
dissociation curve. The shift occurs because of acidosis,
hypercarbia, and hyperthermia in the local muscle environ-
ment.45 There are also increases in the levels of 2,3-DPG
during exercise.46 This causes a rightward shift in the
oxygen–hemoglobin dissociated curve further enhancing the
release of oxygen from hemoglobin to the tissues. Low blood
PO2 stimulates erythrocyte glycolysis and the formation of
2,3-DPG. The increased oxygen extraction during exercise
also makes blood more effective in the transport of carbon
dioxide due to the presence of increased amounts of deoxy-
hemoglobin for formation of carbamino products.45

Leukocytes

There are significant differences in the response of leukocytes to
exercise of differing intensities and duration (Fig. 42.4).
Following high-intensity exercise, significant increases in leuko-
cyte numbers are not seen. Immediately after galloping, there is
a change in the neutrophil:lymphocyte ratio, but little change in
the total leukocyte count. There is a transient lymphocytosis
with a decrease in the neutrophil:lymphocyte ratio.20,47 These
changes are likely secondary to catecholamine release and
splenic contraction. At 3 h after exercise there is an increase in
the neutrophil:lymphocyte ratio, caused by an increase in neu-
trophils and decrease in lymphocytes due to increased plasma
cortisol concentrations. However, the neutrophil:lymphocyte
ratio returns to normal by 6 h after exercise.20

In contrast to high-intensity exercise, endurance exercise
is associated with a leukocytosis, resulting from a neutro-
philia and lymphopenia.24,48 This is probably due to an
increase in circulating corticosteroids,49–51 with speed signifi-
cantly affecting the extent of the neutrophilia and lympho-
penia. Horses that complete an endurance ride at a faster
speed have a higher neutrophil:lymphocyte ratio than slower
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Fig. 42.3
The effect of different types of exercise including the 
cross-country phase of driving trail competition,21 low-
intensity treadmill exercise,28 during a polo match,26 phase D
of a three-day event,25 an 80-km endurance ride,24 the 
cross-country phase of a three-day event,22 and Thoroughbred
racing20 on the hematocrit.
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horses.23 Additionally, Carlson et al52 showed that exhausted
endurance horses had a significant left shift in the neutro-
phils when compared to clinically normal horses, even
though the total white cell count was similar to that reported
by Rose.23 For samples collected the day after an endurance
ride, a slower group of horses still had a significantly
increased white cell count compared to a group of fast horses.
However, this could be associated with the time the samples
were collected, 14 h versus 21 h postexercise for the slow
and fast horses, respectively.23

Platelets

Similar to erythrocytes, exercise has a variable effect on platelet
numbers that appears to be exercise intensity dependent (Fig.
42.5). High-intensity exercise results in significant increases in
circulating platelet numbers53 whereas moderate exercise does
not significantly increase platelet numbers.54,55 With regards to
platelet activation and aggregability, some studies report
reduced platelet aggregability in response to high-intensity exer-
cise,53,55 however, others have reported increased aggregabil-
ity56 and activation of platelets.57,58 It is likely that increases in
the sodium citrate concentration associated with hemoconcen-
tration of blood samples resulted in reduced ionized calcium
concentration59 and platelet aggregability.53,55 No studies have
looked at the effect of exercise duration, age or breed of the
horse on the response of platelets to exercise.

Hematologic responses to training

Erythrocyte indices

There has been a large number of studies investigating the
response of the hemogram to various types of training. The
most common finding for horses undergoing high-intensity

training has been significant increases in the resting red blood
cell count, hematocrit, and hemoglobin concentration.20,60–62

The increased erythrocyte numbers observed in horses training
at higher intensities is thought to result from a greater demand
for oxygen carriage, which stimulates erythrocyte production.
Interestingly, in one study, horses with higher hematocrits 
(> 40%) at the start of training did not show any significant
change in red cell indices compared to horses starting with a
lower hematocrit.60 This highlights some of the problems in
trying to interpret the resting hemogram. Variations exist with
the demeanor of the horse, as well as time of blood collection.
The increased excitability of a horse as it gets fitter could result
in elevations of resting red cell indices rather than the training
per se and might account for the results reported by Clarkson
and others.8 Regular monitoring of the hemogram during
training has little value for assessing a horse’s fitness.

Despite the variability of the resting hemogram, there does
appear to be an increase in total hemoglobin and total red cell
volume with training. However, due to variability in individ-
ual plasma volume, an assessment of postexercise hematocrit
or hemoglobin alone lacks accuracy for determination of the
total erythrocyte mass.33

In Standardbred Trotters, prolonged training can result in
an excessive increase in the red cell mass and the phenome-
non known as red cell hypervolemia.31,63 This results in
reduced racing performance and appears to be due to over-
training. These horses have lower oxygen consumption. It
has been hypothesized that increased blood viscosity leads to
reduced capillary perfusion and inadequate utilization of
oxygen by the working muscles. This phenomenon has not
been observed in other breeds of performance horses, so it is
unclear if it plays a role in overtraining in other breeds.

Endurance-trained horses have lower resting red cell
indices than race horses. Similar to race horses, the effects 
of training on red cell indices are variable. In a group of
Standardbred horses, after 7 weeks of low-intensity exercise
training there were no significant effects on the resting or
recovery hemogram.27 Similarly, in a group of endurance
horses (predominantly Arab crosses) there was no change in
the resting hematocrit over 12 weeks of training, although
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Fig. 42.4
The effect of different types of exercise on the leukocyte
numbers. Data from Snow et al20 and Rose.23 A, resting;
B, immediately after racing; C, immediately after fast training
(11–12 m/s); D, immediately after slow training (13 m/s);
E, immediately after a 160-km endurance ride.

Fig. 42.5
The effect of exercise on platelet numbers.A, before exercise;
B, after exercise. (Data from Johnstone et al,55 and Bayly et al.53)

Neutrophils           Lymphocytes           Others

14

12

10

8

6

4

2

0

Racing20

W
hi

te
 c

el
l c

ou
nt

 (x
 1

06 /L
)

A B A C A D A E A E

Slow horses23

Fast horses23

Slow training20

Fast training20

600

500

400

300

200

100

0

Pl
at

el
et

 c
ou

nt
 (x

 1
03 /L

)

Slow workout

A                B                                A               B

Racing speed



quieter horses had significantly lower hematocrits through-
out the training period compared to more apprehensive
horses. None the less, it is possible that there could be a reduc-
tion in hematocrit in endurance horses due to expansion of
plasma volume.64 It is clear from the results of these studies
that hematological measurements are of little value in assess-
ing the fitness or progress of horses during training.

Blood gas transport

Several studies have examined the effect of exercise training on
blood oxygen transport properties in horses.46,61,65 The results
have been variable, although an increase in circulating blood
oxygen capacity at rest, and an increase in blood oxygen affinity
due to decreases in erythrocyte 2,3-DPG concentration, have
been described.61 With regards to 2,3-DPG concentration, Lewis
and McLean65 and Lykkeboe et al61 showed a reduction in red
cell 2,3-DPG concentration in response to training, whereas
Pelletier et al46 showed no change in 2,3-DPG concentration.
This could potentially be due to the different training programs
used in those studies. A reduced 2,3-DPG concentration could
potentially impair unloading of oxygen. However, this has not
been further evaluated and detrimental effects on work per-
formance have not been reported.

Leukocytes

The total leukocyte count is unchanged during training of race
horses and horses used for endurance racing. In addition, there
are no alterations in the proportions of the different leukocytes.
While there have been anecdotal reports of alterations in the
neutrophil:lymphocyte ratio in horses that are overtrained, this
was not observed by Tyler-McGowan et al.66 However, several
horses in that study developed an absolute eosinopenia to-
gether with clinical signs of illness. It was hypothesized that
eosinophils may be a more sensitive indicator of training stress
than other members of the leukocyte series.

Platelets

Although a large number of studies have investigated
changes in the hemogram in response to training in horses,
no studies have documented platelet numbers during train-
ing. Furthermore, given many of the technical problems
when working with equine platelets, it is currently unknown
if exercise training alters platelet function.59

Plasma or serum
biochemistry

Muscle-derived enzymes

Creatine kinase (CK) is a relatively muscle-specific enzyme
with a plasma half-life of approximately 2 h.67 In muscle, CK
makes ATP available for contraction by phosphorylation of

ADP from creatine phosphate. Apart from skeletal muscle, CK
activity is also present in gastrointestinal tissue, uterus,
urinary bladder, kidney, heart, and thyroid gland.68 Increased
serum CK activity may be due to muscle damage, injury to
organs containing smooth muscle, and be falsely increased
with in vitro hemolysis.69

Aspartate aminotransferase (AST) has a much longer
half-life (approximately 7 to 8 days)67 than CK and is less
specific for muscle, being found in most tissues.70 It is a cyto-
plasmic and mitochondrial enzyme that catalyzes the deami-
nation of aspartate to form oxaloacetate, which can enter the
Kreb’s cycle. Increases in plasma AST activity may be due to
hepatocyte damage, muscle damage, or in vitro hemolysis.69

Lactate dehydrogenase (LDH) is a cytoplasmic enzyme that
catalyzes the conversion of pyruvate to lactate at the end of
glycolysis. Activities of LDH are high in various tissues of the
body. Therefore, measurements of LDH are not organ specific.
There are five isoenzymes of LDH, which can be separated by
electrophoresis.68 The isoenzyme LDH5 is the predominant
form in skeletal muscle and has a plasma half-life of less than
6 h.69 Increases in LDH activity may be due to hepatocyte
damage, muscle damage, or hemolysis.

Liver-derived enzymes

�-Glutamyltransferase (GGT) is a membrane-associated enzyme
that catalyzes the transfer of glutamyl groups between peptides
and is involved in glutathione reactions. Many cells have GGT
activity but biliary epithelial cells, pancreas, and renal tubular
cells are classically considered to have the greatest activity.69

The half-life of GGT in horses is approximately 3 days and it is
stable in serum for 2 days at room temperature, or 30 days if
frozen.71 The primary source of increased plasma GGT activity
in horses is cholestasis or biliary hyperplasia.

Alkaline phosphatase (AP) catalyzes the hydrolysis of
monophosphate esters and is bound to the mitochondrial
membrane. Tissues that contain AP include liver, bone, intes-
tine, kidney, placenta, and leukocytes. Increases in the serum
activity of this enzyme in adult horses are secondary to
induction. Cholestasis and certain drugs will cause produc-
tion and the release of AP.72

Sorbitol (iditol) dehydrogenase (SDH) is a cytoplasmic
enzyme that catalyzes the conversion of fructose to sorbitol.
It has a short plasma half-life with blood levels declining
within 4 h of transient hepatic necrosis. Its short half-life
necessitates analysis within 12 h of collection, or 48 h if the
serum is separated from blood and refrigerated.73

Glutamate dehydrogenase (GLDH) is found in hepatocytes,
renal tissue, brain, muscle, and intestinal cells. Like SDH,
GLDH has the highest tissue concentration in the liver and
increases of this enzyme in blood can be considered specific
for acute liver disease. The half-life for GLDH is 14 h.71

Plasma proteins

Albumin is synthesized by the liver and is the most prominent
of the plasma proteins constituting 35–50% of total plasma
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protein in animals. It is the most osmotically active plasma
protein due to its abundance and small size and accounts for
about 75% of the oncotic activity of plasma. A major role of
albumin is as a general binding and transport protein.74 The
plasma concentration of albumin is affected by changes in
plasma water content and intravascular water volume.

Globulins include �-globulins, �-globulins, �-globulins,
and immunoglobulins. Changes in the concentration of glob-
ulins generally reflect inflammation and disease, although
hydration can also impact globulin concentration.

Fibrinogen is an acute phase protein, the concentration of
which increases in response to inflammation. Dehydration
can increase plasma fibrinogen concentration.

Changes in plasma or serum
biochemistry associated
with exercise

Muscle-derived enzymes

Increases in plasma CK, AST25,70,75–78 and LDH79 activities
have been seen in response to exercise. These increases are
believed to relate either to overt damage or to a change in the
muscle fiber membrane causing a transient increase in per-
meability.79,80 Physiological increases have been shown to
occur without any tissue destruction.81 The extent of this
increase depends on the nature of the exercise.70,79 It has
been suggested that sampling at least 24 h after exercise may
facilitate the differentiation between those animals showing a
normal physiological response to exercise and those with an
abnormal or pathological response.70

Liver-derived enzymes

In general, a single exercise bout has minimal effect on the
activities of liver-derived enzymes. However, increases in
serum AP activity have been reported in horses during
endurance exercise77 and in horses competing in three-day
event competitions.78 It is unclear whether these increases in
AP are of skeletal or hepatic origin.

Plasma proteins

During maximal exercise, there is a redistribution of fluid and
electrolytes from the vascular compartment to the tissue
extracellular fluid spaces, with a corresponding increase in
total plasma protein and albumin.22,26,38,82–85 The extent of
the fluid shift appears to be related to the duration and
intensity of exercise. Less dramatic increases are seen in polo
horses26 and horses performing submaximal exercise82 than
in Thoroughbred race horses86 and other horses performing
maximal exercise.82 Increases in plasma protein associated
with short-duration exercise return to pre-exercise values

within 15 to 30 min of exercise.26,82,83 However, with hot
conditions and extensive sweat losses, these fluid shifts may
be more dramatic and prolonged.

While acute exercise in horses results in significant
increases in total plasma protein concentrations, individual
plasma protein fractions increase in a heterogeneous
manner, indicating that changes in plasma protein concen-
trations cannot be simply attributed to changes in plasma
water alone.22,38 In a study by Coyne et al,38 plasma albumin
concentration increased by 22%, whereas fibrinogen concen-
tration increased 12.5% and increases in the various globulin
groups ranged from 25.5% to 60%. This resulted in a 10%
decrease in the albumin:globulin ratio compared to resting
samples. The mechanisms behind heterogeneous alterations
in plasma protein fraction concentrations are unclear but
could include compartmental redistribution, accelerated
biosynthesis, increased degradation, and bolus release.38 In
addition, exercise-induced fibrinolysis could play a role in
limiting the increase in fibrinogen concentration.87 However,
given that many laboratories consider a fibrinogen concen-
tration above 4 g/L to be clinically significant, acute exercise
does not appear to increase fibrinogen to this extent.88

During prolonged, low-intensity exercise, albumin and
total plasma protein concentration increases.50,51,76,77,89,90

However, despite the increase in plasma protein concentra-
tion, there is evidence that plasma volume increases during
the initial stages of prolonged exercise.31,91 Although
increased plasma volume has been noted in dehydrated
horses after 40 min of low-intensity exercise,91 it is likely that
plasma volume decreases in response to the substantial fluid
losses incurred during prolonged endurance exercise.24,92,93

Furthermore, those fluid losses result in increases in albumin
and plasma protein concentrations that are much greater
than those observed in horses performing short-duration
exercise, and it takes longer for plasma protein concen-
trations to return to normal following prolonged endur-
ance exercise. For horses competing in three-day event
competitions78 and driving trial competitions,21 there are
similar increases in plasma protein concentration, which
remain significantly increased 30 min after exercise.

Changes in plasma or serum
biochemistry associated
with training

In general, there are few changes in resting biochemical
values as a result of training. Although there have been some
significant changes in a number of biochemical measure-
ments, results have been variable and inconsistent.23,62,66,94,95

The most consistent change has been in indicators of liver
function, with serum GGT activity showing the greatest
increase.66,95,96 In some horses, GGT activity is greater than
100 U/L, but horses have not shown any other evidence of
liver disease.8 However, in other studies high-serum GGT
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activities have been associated with poor health and over-
training in some horses.96 Some performance horses with
decreased performance have had three- to four-fold increases
in serum GGT activity with no other laboratory evidence of
hepatic disease. The source of the increase in GGT has not
been determined and reportedly returned to normal within 
30 to 60 days.97

Conclusion

There is no doubt that hematology and plasma or serum
biochemistry are important tools for assessing the health of
athletic horses. However, many factors can influence mea-
surements, as have been outlined in this chapter. Each of
these factors needs to be considered carefully when interpret-
ing blood results. Hematology and biochemistry measures
are unlikely to provide useful information regarding the 
fitness or performance potential of horses. However, they will 
continue to be useful in assessing health and disease 
in individual animals, particularly when samples are 
collected in a standardized manner and are compared 
to the results of horses of similar breed and training 
backgrounds.
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abnormality and therefore to training management.15–30 As
with most aspects of veterinary medicine, this is a process of
‘jigsaw puzzling’. The more pieces of the puzzle that are avail-
able to the clinical pathologist, clinician, and trainer, the more
likely is the team to be able to recognize the picture, make the
correct diagnosis, and apply the appropriate treatment and
management. If used correctly, the clinical pathology labora-
tory can provide important pieces of information.

It is clear that individual horses vary considerably not only
in their own ‘reference’ results but also by the effects that
variations from reference range and even clinical abnormal-
ity will have on their performance. The trainer’s assessment
of each horse as an individual remains essential and labora-
tory results should never be used to ‘train’ performance
horses. Different types of horses are used for different forms of
exercise and each requires different reference ranges and
experienced interpretations.31–38

Groups of predominantly immature horses (Thoroughbred
flat racing) that are stressed by continual population change
and what must be considered unnatural housing and feeding
practices, training, transport, and racing suffer a full variety
of injuries and diseases for which appropriate veterinary
supervision is required. Surveys have confirmed that respira-
tory, musculoskeletal, gastrointestinal, and skin diseases –
both infectious and non-infectious – are of particular
concern.39,40

Despite many years of clinical research into equine sports
medicine, a practical laboratory measure (or measures) of
fitness in race horses remains elusive.18,21,22,25,26,29,30,41–46

Nevertheless, sensible, routine screening for subclinical
disease (perhaps better called ‘unfitness’ tests) can be helpful
to trainers and owners and may help with important
management decisions, potentially preventing further injury
and disease and therefore making an important contribution
to the welfare of the individual horse and the others with
which it is stabled.

Poor, disappointing or loss of performance47–49 is a
common problem for which owners and trainers request
veterinary investigations to help provide explanations and
answers to aid future management. The clinical pathology

For horses to be successful when they race or otherwise
perform they must be healthy, fit, properly prepared, well
ridden, competing appropriately, and to some degree lucky.
Leaving aside the effects of opposition, jockey, state of train-
ing, genetic suitability for athleticism, and how the horse feels
‘on the day’, this is a matter of constitution, ‘heart’, courage,
and perhaps even intelligence. These are factors that cannot
be assessed in the laboratory. This is one of the reasons why
neither financial input nor veterinary/scientific endeavor
guarantees success and why equine sports remain so popular
for the casual punter and such a success for the betting
industry. Nevertheless, within the confines of horse-training
environments, health and disease remain important factors
affecting fitness to compete and athletic performance.

When horses are ill or injured they are less likely to perform
to their optimal potential. Therefore, veterinary surgeons
attending performance-horse stables spend a great deal of
their time diagnosing clinical and subclinical injury and
disease, selecting and applying appropriate treatments, and
assessing return to normality. The clinical pathology labora-
tory provides an important aid to diagnosis.1–14 In addition,
the successful race-horse trainer, in association with the
attending veterinary surgeon, integrates clinical pathology
assessments of individual horses and group trends into the
stable’s management team strategy. If interpreted with care
alongside relevant reference data, specific experience, and
clinical and training performance data, laboratory results can
provide useful aids to the diagnosis of clinical and subclinical
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laboratory can provide information that can be of help in this
regard, if only to help rule-out obvious specific injury or
illness.

All clinicians who work with performance horses should
have direct access to elementary laboratory facilities that can
provide quick results in urgent situations. This should include
at least a simple hematologic cell counter, an elementary dry
serum chemistry analyser, and a method of performing a
leukocyte count and cytologic differentiation on synovial
fluid samples in emergency situations such as acute collapse,
myopathy and septic arthritis. The basic equipment for these
tests is comparatively inexpensive, requires minimal space,
and the tests can be performed quickly, accurately, and
simply, using simple standard operating procedures. The
equipment must be properly maintained, the staff using it
must be adequately trained, and the results must be subject to
elementary internal quality control and external assurance if
they are to be reliable. Unreliable results are worse than no
results at all because they can result in misdiagnoses and
inappropriate managerial decisions.

For more demanding and less urgent laboratory work, a
relationship with a specialized referral laboratory should be
established. Full, modern, laboratory technology (with all the
necessary facilities, equipment, technicians, quality control,
and assessment) and experienced interpretations can only 
be justified, on economic terms, under conditions of high
throughput. Referral laboratories should give clear guidance
on preferred sample handling so that accurate and repeat-
able results can be provided efficiently, for reliable interpreta-
tion.

Sample collection and
handling

Before collecting specimens for laboratory examination,
clinicians should make sure that they have the necessary
knowledge, experience, and equipment to obtain satisfactory
samples safely. The choice of relevant tests will dictate the
samples required. Results can only be as good and useful as
the samples allow them to be. Samples must be collected at
the appropriate time, using suitable techniques with ade-
quate equipment, into suitable containers, and using recom-
mended anticoagulants, preservatives or fixatives where
appropriate; they must then be transported to the laboratory
under satisfactory conditions. If unsure, the clinician should
contact the laboratory to clarify particular sample prefer-
ences before attempting collection. In general terms, samples
collected into ethylenediaminetetra-acetic acid (EDTA,
sequestrene) anticoagulant are ideal for hematologic analy-
ses and clotted (serum) samples are ideal for the majority of
biochemical analyses. Adding a sample in sodium citrate
anticoagulant will allow the measurement of fibrinogen by
the more accurate direct coagulometry method. Therefore,
three blood samples collected into EDTA and sodium citrate
anticoagulants and a plain tube to allow clotting to occur,

will allow the laboratory to perform all of the routinely useful
tests for performance horses.

Samples should be analyzed in-house without delay or
reach the referral laboratory as soon as possible after collec-
tion. Delays in postal services cause deterioration in many
samples, sometimes making accurate results impossible to
obtain. Ideally, serum should be separated from clotted
samples by centrifugation or simple standing and then
pouring or pipetting, before transit, to prevent hemolysis,
which renders many enzyme analyses inaccurate. Modern
blood collection and separation tubes, containing beads or gel
to aid serum separation, are particularly helpful in this
regard. For urgent or labile samples, rapid courier services
should be used.

Samples should be indelibly labeled with full details of the
horse’s name or identification. Without this simple infor-
mation, neither the in-house nor referral laboratory can
properly certify results. A letter, or preferably the laboratory’s
own request form should be included, repeating the label
details and adding the clinician’s name, address and tele-
phone number, either a brief or detailed case history (as
appropriate), the tests requested or help required, and any
other relevant information or comments. The more informa-
tion the laboratory receives, the more help can be given to the
clinician.

Referred samples should be carefully sealed in inner leak-
proof containers and securely enclosed in padded and crush-
proof outer containers so that they conform to relevant
legislation and will withstand the handling that packages
sometimes receive in the postal services. Packages must be
labelled clearly to minimize the risk of going astray.

Sample analysis

It is not the purpose of this chapter to discuss laboratory
management and technology. Each in-house or referral
laboratory will develop under different circumstances, with
different aims and priorities. There are many methods of
achieving satisfactory results but it is essential to make sure
that samples are received, prepared, examined, and reported
as accurately and as quickly as possible. To do this, the labo-
ratory must be well managed, technical equipment must be
well maintained, technicians must be adequately qualified
and experienced, and test procedures must be quality con-
trolled and externally assured. Specific veterinary laboratory
technical education and quality assurance are not uni-
versally available and thus each laboratory must make appro-
priate provision. Medical laboratory science courses provide
an excellent foundation upon which to build in-house train-
ing in the specific veterinary requirements. Similarly, there
are currently no internationally accepted general quality
assurance schemes available specifically for veterinary
laboratories, although medical schemes are very helpful. A
combination of relevant internal and external systems is
therefore essential. Modern, sophisticated biochemistry ana-
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lyzers can run automatic quality controls for each assay but
routine repeat analysis of split samples on different days 
is also necessary. Efficient secretarial services are essential 
for results to be reported and transmitted accurately and
quickly.

Hematology

A variety of hematologic abnormalities can be recognized in
blood samples collected from performance horses.

Erythrocyte abnormalities

Hemoconcentration/dehydration

Hemoconcentration/dehydration (raised total erythrocyte
count, hematocrit and hemoglobin concentration) can be
interpreted only in samples taken from resting horses that
are relaxed at collection, which can be very difficult to
achieve in some excitable individuals. Reflex splenic contrac-
tion occurs in horses in response to fright, excitement, and
exercise, increasing numbers of young macrocytic erythro-
cytes in the circulating pool.4,6,13,50,51 Routine sampling
sessions in performance-horse stables are therefore often con-
ducted at standard times after a period of rest and quiet, e.g.
early morning or late afternoon, before mucking out and
feeding, to avoid sampling excited horses and to add a degree
of standardization.

Hemoconcentration is sometimes a feature of so-called
‘over-trained’ horses,30 who perform poorly; appear stressed;
have dry, scurfy, skin coats, lose condition and who drink
inadequately. They usually respond well to fluid and elec-
trolyte therapy administered by nasogastric tube followed by
a period of rest. Chronic anhidrosis52 can produce a similar
picture.

Dehydration is a feature of horses that are clinically ill
with acute enteritis or colitis,53–55 requiring intensive fluid,
electrolyte, acid–base, and supportive therapy to replace
losses.56–58

Hemoconcentration or dehydration are features of exer-
cise and heat exhaustion in horses performing in hot dry
climates and over long distances (typically endurance races),
requiring timely diagnosis and appropriate treatment/
management.57,59 The interesting condition of acute
anhidrosis,52 i.e. failure of normal sweating, occurs in some
horses who are raised in temperate climates and then
perform in hot, dry climates when they have failed to accli-
matize, resulting in respiratory distress, labored breathing,
pyrexia, collapse, and even death.

Attempts have been made to interpret the significance of
results of postexercise blood samples in terms of fitness.21,22

In terms of hematologic tests, variable degrees of hemo-
concentration and leukocytosis (see below) are always a
feature and without rigid standard exercise test regimes,60

which are almost impossible to organize within most

performance-horse training environments, results are
usually uninterpretable. Specific muscle enzyme tests (see
later), performed on serum samples collected before and after
exercise, can help with the diagnosis of exertional myo-
pathy.61 There has been considerable interest in lactate
assays62 before, during, and after exercise to determine
aerobic/anaerobic metabolic capacity, with still considerable
debate and differences of opinion.

It has been shown that the osmotic fragility of erythro-
cytes is increased by exercise regardless of release of erythro-
cytes from the spleen into the peripheral circulation.51 The
precise mechanism for these changes remains unknown but
they may be involved in the apparent decrease in mean cell
volume (MCV) and increase in mean cell hemoglobin
concentration (MCHC), which occur with exercise.

Echinocytes (spiculated erythrocytes) have been demon-
strated in equine blood samples63 in a variety of systemic
diseases and in response to exercise, apparently associated
with electrolyte shifts, particularly hyponatremia. Their 
presence decreases erythrocyte sedimentation rate but does
not affect whole-blood viscosity. Although horses with
echinocytosis have higher plasma lactate levels during 
exercise and higher serum CK levels after exercise, their
presence appears to have no demonstrable effect on exercise
potential.

Anemia

In horses, anemia (low total erythrocyte count, hematocrit,
and hemoglobin concentration) is less commonly a primary
condition and more often occurs secondary to some other
primary condition, for example infection (bacterial or viral),
parasitism (endo- or ectoparasitism), or metabolic abnor-
mality (e.g. hepatopathy, nephropathy), which requires
specific diagnosis and treatment.55,64 Malnutrition is rarely
seen in performance-horse stables but mineral and vitamin
imbalances (involving deficiency or excess) may occur.

Acute hemorrhage can cause acute primary blood-loss
anemia following accidental injury involving a major blood
vessel. The hemorrhage may sometimes be visible externally
but more often occurs internally within a body cavity (i.e.
intraperitoneal, intrapleural or intrapericardial hemorrhage).
Chronic hemorrhage, for example following castration, may
cause an anemia and self-perpetuating thrombocytopenia.55

Platelet transfusion may result in hemostasis without further
surgical interference. Guttural pouch mycosis65 may cause
internal carotid artery ulceration, resulting in profound acute,
and sometimes fatal, blood-loss anemia. Gastric ulceration.66

not uncommonly seen in performance horses, can cause
anemia from chronic hemorrhage. Examination of fecal
samples for the presence of occult blood can be performed but
results are frequently positive, most commonly because of the
activity of intestinal parasites, even in well managed horses,
and are therefore not reliably diagnostic of gastric ulceration.
Unfortunately, serum pepsinogen assays67 are not reliably
diagnostic of gastric ulceration in horses. Where suspected,
the diagnosis must be made and the significance assessed by
gastroscopic examinations.
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It has been reported that the repeated administration of
recombinant human erythropoietin (rhEPO) to race horses
results in the production of anti-rhEPO antibodies that can
result in moderate to severe anemia.68,69

Intravascular hemolysis (i.e. erythrocyte destruction
resulting in hemolytic anemia) has a variety of different
causes, which require specific diagnostic testing. Equine
infectious anemia70 (Coggins’ agar gel immunodiffusion test),
autoimmune hemolytic anemia55 (Coombs’ antiglobulin
test), piroplasmosis71 (babesiosis) (complement fixation test),
disseminated intravascular coagulopathy55 (DIC; prolonged
prothrombin and activated partial thromboplastin times) and
a variety of plant and environmental toxins72 are some
causes of intravascular hemolysis.

Equine anemia is most commonly macrocytic (raised
MCV), reflecting splenic replacement with juvenile erythro-
cytes, as seen with blood loss, infections, and parasitism.
Reticulocytes are not commonly seen in equine blood
samples4,6 and so their presence or absence is not a reliable
means of determining regeneration or non-regeneration, as
in other species. Normocytic (MCV within the normal range)
anemia is sometimes seen in horses that are being challenged
by respiratory viruses but show no clinical signs. Microcytic
anemia (low MCV) is uncommon but is sometimes seen in
immature individuals and has been reported in horses with
iron/folate deficiency.73

Leukocyte abnormalities

Leukocytosis and neutrophilia

Leukocytosis (raised total leukocyte count) and neutrophilia
(raised segmented neutrophil count) most commonly occur in
performance horses in association with septic and non-septic
inflammatory conditions.4,6,13,74 Septic inflammation is most
commonly associated with bacterial infection. In performance
horses this most commonly follows an injury, for example
penetrating wounds followed by cellulitis, septic arthritis or
tenosynovitis, upper respiratory infections, and less com-
monly in systemic bacterial infections. Non-septic inflamma-
tion most commonly occurs after a non-penetrating injury
(e.g. bruising of soft tissues, tendons, ligaments or periosteum
and traumatic arthritis or tenosynovitis) and is sometimes
associated with degenerative joint disease.

Neutrophilic ‘shifts to the left’ (juvenile neutrophils or
‘band’ neutrophils), although diagnostically helpful in foal-
hood infections, are seldom seen in adult horses unless
severely and acutely infected with conditions such as acute
cellulitis or lymphangitis.75 Some cases of acute salmonel-
losis, endotoxemia, peracute enterocolitis, peritonitis, and
pleuritis have neutrophilic shifts to the left, more commonly
associated with leukopenia and neutropenia.76–78

Leukopenia and neutropenia

Leukopenia (low total leukocyte count) and neutropenia (low
segmented neutrophil count) are most commonly seen in
adult performance horses during the acute phase of a viral

challenge,4,6,13,79 when there may or may not be clinical
signs. These signs include lethargy, pyrexia, nasal discharge,
coughing, and edematous legs. Leukocytic changes seen with
infection very much depend upon sampling time in relation
to the stage of the disease process (Fig. 43.1).

If the early acute infectious phase has passed then the
leukopenic phase will be missed and hematologic examina-
tions will reflect repair and sometimes secondary bacterial
involvement with leukocytosis and neutrophilia. To help with
diagnosis, epidemiology, and assessment of recovery blood
samples should therefore be taken from symptomless stable-
mates where viral infections are suspected. Unfortunately,
unless equine influenza, herpesvirus, rhinovirus, or adeno-
virus infections are involved (for which specific serologic
assays are available), virologic ‘screening’ investigations are
seldom rewarding.

Profound leukopenia with neutropenia and neutrophilic
shifts to the left are sometimes seen in adult performance
horses suffering from acute salmonellosis, peracute entero-
colitis, peritonitis, and pleuritis/pleuropneumonia.76–78 This
is always a sign of severe illness, indicating the need for
intensive care and suggesting a guarded prognosis.

Lymphocytosis

Lymphocytosis (raised lymphocyte count) is seen in horses in
response to endogenous catecholamine release during excite-
ment or exercise.22 Otherwise, it is most commonly seen in
response to some chronic viral infections and, more rarely, in
autoimmune diseases. Massive leukocytosis (sometimes
greater than 100 × 109/L) with lymphocytosis is a feature of
generalized lymphoma,80 in which neoplastic lymphocytes
can be demonstrated in peripheral blood, body cavity fluid
samples, and tissue biopsy samples.

Lymphopenia

The low lymphocyte count of lymphopenia is seen in horses
in response to endogenous glucocorticoid release and in
response to exogenous corticosteroid administration.81

Otherwise, it can be seen in acute viral infections, severe
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Fig. 43.1
Schematic diagram depicting total circulating blood leukocyte
(WBC) response to viral challenge.
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bacterial infections, septicemia, endotoxemia, and immune
deficiency conditions. Profound, persistent leukopenia
always carries a poor prognosis.

Monocytosis

Monocytosis (raised monocyte count) reflects increased phago-
cytic demand, as may occur with chronic suppurative condi-
tions with tissue necrosis.4,6,13,79 In performance horses,
monocytosis is most commonly seen during the postacute or
recovery phases following upper respiratory viral infections.

Eosinophilia

A raised eosinophil count occurs with antigen–antibody
response in tissues rich in mast cells (e.g. skin, lung, gastro-
intestinal tract, and uterus) and in parasitically sensitized
horses.4,6,13,82 In performance horses, low-grade eosinophilia
is most commonly seen in association with leukopenia or
lymphocytosis in the acute phase of responses to viral
infections.13,79 Rare cases of eosinophilic leukemia have been
seen with eosinophil counts as high as 2.5 × 109/L (25% of
differential leukocyte count).

Basophilia

The raised basophil count of basophilia is very uncommon in
horses, as is the presence of basophils themselves. Basophils
have been a feature in cases of hyperlipidemia and in some
horses that were recovering from colic.

Platelet abnormalities

Thrombocytosis (raised platelet count) is uncommon in adult
horses but may occur in bacterial infections.4,6,13,55

Thrombocytopenia (low platelet count) may be a reflection
of decreased platelet production, increased usage or from
various spurious factors, e.g. drug administration, the pres-
ence of cold agglutinins in the sample, or platelet clumping in
EDTA.83 Where pseudothrombocytopenia is suspected,
platelet counts should be measured on two blood samples
collected at the same time, one into EDTA and the other into
sodium citrate anticoagulants. If the sodium citrate sample,
after correction for dilution, is considerably higher than the
EDTA sample, EDTA-induced pseudothrombocytopenia is the
likely answer. Decreased production may occur with neo-
plasia or a toxic insult to the bone marrow, the latter is diag-
nosable by biopsy.84 Idiopathic thrombocytopenia is probably
an immune-mediated condition and thrombocytopenia is
seen in horses with disseminated intravascular coagulopathy
(DIC),55 most commonly a serious complication of acute
enterocolitis.

When to use hematologic analysis

The regular, routine use of hematologic examinations to
screen horses in training for subclinical disease can be helpful

providing the results are interpreted carefully. Depending on
the stage of sampling, Hematologic signs of viral infection
(leukopenia and neutropenia) or relative lymphocytosis in a
clinically normal horse may suggest ‘challenge’ (i.e. the
horse’s immune system is responding, but not succumbing,
to the infection). In this condition, many horses do not
perform to their best athletic potential, their recovery after
exertion may be prolonged and they may be more likely to
suffer secondary complications such as pneumonia, lung
abscess, skeletal and/or cardiac myopathy, and/or exercise-
induced pulmonary hemorrhage.

In cases of clinical disease, hematologic variations from
‘normality’ are often marked and obvious, but more sophisti-
cated analytical equipment is required when screening for
less obvious variations and trends. Modern automated cyto-
chemical hematology analyzers (e.g. Bayer Advia 120)
provide accurate differential cell counts that correlate closely
with traditional manual differential counting techniques.
Their automated differentials are highly repeatable and are
likely to be more accurate than manual cell counts as they
are performed on 10 000 rather than 100 leukocytes. The
results provided by these analyzers are more accurate, repeat-
able, and therefore reliable for the routine monitoring of
performance horses. However, when required by clinical
history or results obtained, a traditional stained smear is still
required to demonstrate erythrocyte or leukocyte abnormali-
ties. In erythrocytes these abnormalities include Howell–Jolly
bodies, nucleation, fragmentation, oxidative damage, sphero-
cytes, basophilic stippling or Babesia spp. parasites in piro-
plasmosis. In leukocytes they include left shifts, toxic
changes, hypersegmentation, neoplastic change or cyto-
plasmic inclusions as seen for example in ehrlichiosis.14,85–87

Clinical chemistry

Proteins

Total protein, albumin and globulin estimations are useful in
the assessment of general bodily condition and nutritional
status, and the response to infectious or parasitic disease.20

Electrophoresis helps determine the significance of raised
total globulin levels.7,13,88 Horses in training, although not at
pasture, usually have access to areas of communal grazing
that can become contaminated with parasitic larvae.
Yearlings usually leave stud farms having received compre-
hensive worm-control programs and have therefore had little
opportunity to develop natural immunity to intestinal para-
sites. It is therefore essential that adequate worm-control pro-
grams are maintained throughout training or problems with
large strongylosis, cyathostomiasis, or tapeworm infestations
may occur, sometimes with fatal consequences.89,90 Specific
tapeworm ELISA assays are now available commercially.91

Serum protein assays can be very useful as part of the stable’s
routine worm-control monitoring program. Low serum
albumin and/or rising globulin levels are a ‘red flag’ warning,
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most commonly seen with cyathostomiasis92 (hypoalbumin-
emia), large strongylosis93 (raised �-1 globulin), mixed
helminthiasis (hypoalbuminemia and raised �-1 globulin),
hepatopathy (hypoalbuminemia and raised �-2 globulin),
antibody response to infection (raised � globulin) or abscess
formation (raised �-2 and � globulins).13 Globulins can be
differentiated by electrophoresis (Fig. 43.2).

Protein electrophoresis

This identifies elevations in specific globulin fractions:

● �-2 globulin: acute-phase inflammatory protein responses
(Fig. 43.3).

● �-1 globulin: Strongylus vulgaris and mixed strongyle
larval activity (Fig. 43.4).

● �-2 globulin: hepatopathy (Fig. 43.5).
● � globulin: antibody responses to bacterial or viral

infections (Fig. 43.6).

Horses with abscesses will often show characteristic �-2 and
� globulin responses. Serum samples should be used for
protein electrophoresis, as raised fibrinogen levels in
heparinized plasma samples will cause confusing rises in �-2
globulins (Fig. 43.7).

Occasionally, horses with generalized lymphosarcoma80 or
plasma cell myeloma94 have massively increased total protein
and globulin levels, for which protein electrophoresis shows a
massively raised, discrete, ‘skyrocket’ peak, usually in the �-2
globulin range (Fig. 43.8) suggesting monoclonal lymphoma
protein production.95

Plasma fibrinogen

This is an acute-phase reactive protein, which increases in
response to inflammation.74,96 Elevations are found in the
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Fig. 43.3
Serum protein electrophoresis – �-2 globulin response in a
horse with an acute-phase inflammatory protein response.

Fig. 43.4
Serum protein electrophoresis – �-1 globulin response in a
horse with large strongyle larval migratory activity.

Fraction Rel % g/L
1   5.0 1.10
2 26.1 5.74
3 20.6 4.53
4 24.9 5.48
5 23.5 5.17

Total g/L 22.0

Fig. 43.2
Serum protein electrophoresis – normal horse.

Fraction Rel %   g/L
1   2.0   0.78
2 33.7 13.14
3 16.4   6.40
4 24.5   9.56
5 23.4   9.13

Total g/L 39.0

Fraction Rel %   g/L
1   1.3   0.62
2 24.0 11.52
3 48.2 23.14
4 10.4   4.99
5 16.2   7.78

Total g/L 48.0
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Fig. 43.5
Serum protein electrophoresis – �-2 globulin response in a
horse with hepatopathy.

Fig. 43.6
Serum protein electrophoresis – �-globulin response in a
horse with an antibody response to infection.

Fig. 43.7
Serum protein electrophoresis – high �-2 globulin peak
measured in a heparinized plasma sample from a horse with a
high fibrinogen level but no serum liver enzyme abnormalities.

Fig. 43.8
Serum protein electrophoresis – massive ‘skyrocket’ peak in
�-2 globulin range, suggesting monoclonal lymphoma protein
production in a horse with generalized lymphosarcoma.

Fraction Rel %   g/L
1   0.9   0.49
2 17.0   9.18
3 15.2   8.21
4 39.3 21.22
5 27.6 14.90

Total g/L 54.0

Fraction Rel %   g/L
1   2.1   0.76
2 18.3   6.59
3 17.5   6.30
4 17.1   6.16
5 45.1 16.24

Total g/L 36.0

Fraction Rel %   g/L
1   5.4   2.48
2 19.8   9.11
3 17.5   8.05
4 36.0 16.56
5 21.3   9.80

Total g/L 46.0

Fraction Rel %   g/L
1   2.1   1.91
2   9.5   8.65
3   9.5   8.65
4 71.2 64.79
5   7.6   6.92

Total g/L 91.0



presence of tissue damage and this assay may help with diag-
nosis and prognosis in cases of internal abscessation, chronic
infectious or parasitic disease and in cases of exercise-
induced pulmonary hemorrhage (EIPH). The test can be per-
formed on fresh, paired, non-hemolyzed EDTA and serum
samples by subtraction of serum protein from plasma 
protein results, but more accurate results are obtained from
samples collected into sodium citrate anticoagulant to
measure values by direct coagulometric assay. When meas-
ured serially with serum amyloid A (see below) the kinetics 
of the inflammatory response can often be determined 
(Fig. 43.9) and this can be very helpful when monitoring
response to treatment.

Plasma viscosity (PV)

This is a very non-specific measure of inflammation and
acute tissue damage, which may help with the diagnosis and
prognosis of inflammatory response. Fresh, non-hemolyzed
sequestrated or heparinized blood samples are required.
Some trainers of performance horses like to monitor PVs as a

crude guide to health and fitness. It has superseded the use of
erythrocyte sedimentation rate (ESR), which was used in a
similar manner. Because of the horse erythrocyte’s tendency
to form rouleaux, ESR is a highly inaccurate test and it is
much more satisfactory to measure PV directly.97 Plasma
viscometers have become difficult to source and fibrinogen
and amyloid A assays will probably replace the use of PV
assay because their results are inherently more accurate and
useful.

Serum amyloid A (SAA)

This is a highly sensitive, rapidly reacting inflammatory
protein, which can be very helpful in monitoring early
responses to infection and their response to treatment.98 Most
normal horses have zero measurable levels and in the face of
acute, particularly septic inflammation, levels increase
quickly (within 24 h) to over 20 mg/L and sometimes more
than 100 mg/L. Levels peak and fall similarly quickly with
subsidence of inflammation when the infection responds to
antibiotic therapy (see Fig. 43.9).
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Fig. 43.9
Schematic diagram
depicting inflammatory
protein (plasma viscosity
and fibrinogen, Pfib;
serum �-2 globulin and
amyloid A, SAA)
dynamics during an
inflammatory response.
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Fig. 43.10
Schematic diagram
depicting serum muscle
enzyme (AST and CK)
levels following a
relatively mild episode
of exercise-induced
myopathy.



Aspartate aminotransferase (AST,AAT,
SGOT)

Elevations are seen in the presence of acute myopathy61,99,100

or hepatopathy.101–105 After myopathy, levels peak at
24–48 h and return to baseline by 10–21 days, assuming
that no further damage occurs. This test, taken with CK at
first visit and then 10–14 days later, can therefore be a useful
guide to recovery from acute myopathy (Fig. 43.10).

Creatine kinase (CK, CPK)

Elevations are specifically seen in the presence of acute
myopathy.61,99,100,106 CK isoenzyme analysis107 was (before
routine ultrasound diagnosis) used in human medicine to
help differentiate cardiac and skeletal myopathy from brain
pathology, but has never become routinely established in
equine sports medicine. Cardiac troponin assays (see later)
are now used to differentiate skeletal from cardiac myopathy
in horses.

CK levels peak at 6–12 h and return to baseline by
3–4 days, assuming that no further myopathy occurs. When
measured alongside AST, which takes longer to rise, peak and
return to normal, the timing and response to treatment of
myopathy in horses can be usefully monitored (see
Fig. 43.10). Paired CK assays taken before and 2–3 h after
strenuous exercise can form a useful diagnostic test for
exercise-induced myopathy, in horses where the diagnosis
may be in doubt. Some respiratory virus infections, notably

equine herpesvirus-1, appear to increase muscle cell mem-
brane fragility and predispose to exercise-induced myopathy
in horses in training.108 This condition is sometimes 
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Fig. 43.11
Serum lactate dehydrogenase (LD) isoenzyme analysis –
normal horse.

Fig. 43.12
Serum lactate dehydrogenase (LD) isoenzyme analysis – high
LD1 in a horse with intravascular hemolysis.

Fig. 43.13
Serum lactate dehydrogenase (LD) isoenzyme analysis – high
LD2 in a horse with cardiac abnormality.

Fraction Rel %  IU/L
LD 1   9.2   46.0
LD 2 26.6 133.0
LD 3 41.6 208.0
LD 4 18.4   92.0
LD 5   4.2   21.0

Total IU/L 500    LD1/LD2:  0.35

Fraction Rel %  IU/L
LD 1 44.4 316.0
LD 2 34.1 243.0
LD 3 16.7 119.0
LD 4   3.3   23.0
LD 5   1.5   11.0

Total IU/L 712    LD1/LD2:  1.30

Fraction Rel %  IU/L
LD 1 22.0 180.0
LD 2 39.6 324.0
LD 3 27.1 221.0
LD 4   7.6   62.0
LD 5   3.6   29.0

Total IU/L 817   LD1/LD2:  0.56



associated with clinical signs of fatigue and stiffness in 
performance horses.109

Significant myopathy, demonstrable by higher serum CK
and AST levels, occurs more often after exercise in unfit

rather than in fit horses. The conditioning process protects
equine muscle cells from exercise-induced injury.106

Lactate dehydrogenase (LD)

A variety of disease conditions can cause elevations in total
LD and more useful differentiation can sometimes be pro-
vided by isoenzyme analysis7,13,110 (Fig. 43.11):

● LD isoenzyme 1: most dramatically increased by intra-
vascular hemolysis (Fig. 43.12).

● LD isoenzyme 2: elevated in some cases of cardiac pathol-
ogy, an indication for cardiac troponin assay (Fig. 43.13).

● LD isoenzyme 3: no known disease association in the
horse.

● LD isoenzyme 4: most commonly elevated by intestinal
pathology (Fig. 43.14).

● LD isoenzyme 5: rises seen with skeletal myopathy and
hepatopathy, requiring further differentiation with CK and
liver enzyme assays (Fig. 43.15).

Cardiac troponin (cTnI)

Two proteins (tropomyosin and troponin) work in concert
with calcium to regulate muscle contraction.111 Troponin is a
globular protein complex composed of three single-chain
polypeptide subunits: TnI (troponin inhibitory component),
which prevents muscle contractions in the absence of
calcium; TnT (tropomyosin-binding component), which
connects the troponin complex with tropomyosin; and TnC
(calcium-binding component), which binds calcium. The
cardiac-muscle-specific isoform cTnI (24 kDa) exhibits
approximately 60% homology with the skeletal isoforms
(sTnI) and has a unique 31-amino-acid extension of the 
N-terminus. Experience in human medicine has shown that
after acute myocardial infarction (AMI), elevated cTnI levels
appear in the circulation within 3–6 h. Serum levels peak
within 14–20 h and return to normal after 5–7 days. The
measurement of cTnI can therefore be a useful diagnostic aid
for AMI and an aid for the monitoring of recovery.111

Myocardial infarction is rarely diagnosed in horses but
myocardial necrosis is seen in conditions such as atypical
myoglobinuria.112 Myocarditis is sometimes suspected on the
basis of echocardiographic abnormalities and/or raised
serum lactate dehydrogenase isoenzyme-2 levels, most com-
monly following upper respiratory viral infections, which can
predispose to exercise-induced cardiomyopathy. Horses who
have suffered in this way will need rest and supportive treat-
ment, followed by follow-up to normality before returning to
strenuous exercise if potentially serious complications are to
be avoided. Raised cTnI levels in a performance horse in
training are an indication for cardiac ultrasound examina-
tions and monitoring.112

Cardiac troponin (cTnI) levels are measured in serum
samples. Clinically normal horses have serum cTnI levels of
less than 0.2 ng/mL. Experience so far suggests that greater
than 0.3 ng/mL is abnormal, i.e. suggests myocardial
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Fig. 43.14
Serum lactate dehydrogenase (LD) isoenzyme analysis – high
LD4 in a horse with enteropathy.

Fig. 43.15
Serum lactate dehydrogenase (LD) isoenzyme analysis – high
LD5 in a horse with exertional myopathy.

Fraction Rel %    IU/L
LD 1   9.3   205.0
LD 2 12.7   280.0
LD 3 15.8   348.0
LD 4   7.3   161.0
LD 5 54.8 1207.0

Total IU/L 2203    LD1/LD2:  0.73

Fraction Rel %  IU/L
LD 1   4.9   39.0
LD 2 12.1   96.0
LD 3 29.4 233.0
LD 4 41.4 328.0
LD 5 12.2   97.0

Total IU/L 792   LD1/LD2:  0.40



pathology and 0.2–0.3 ng/mL is currently a ‘gray’ zone.
Levels of 0.9–5.4 ng/mL have been measured in horses with
ultrasound-confirmed cardiomyopathy.

Sorbitol dehydrogenase (SDH)

This is an enzyme found in the cytoplasm of hepatocytes and is
therefore virtually liver specific,113 although rises are sometimes
seen in horses with skin conditions and enteropathy. It is useful
for the identification of acute hepatocellular damage for in-
house laboratory conditions, but the enzyme is highly labile.
Therefore, samples must be handled with care and assays must
be performed within 8–12 h of sampling, making SDH assays
unsatisfactory for transported samples.

Glutamate dehydrogenase (GLDH)

Elevations are seen in the presence of acute hepatocellular
damage. This is a mitochondrial enzyme found mainly in
liver, heart muscle, and kidney. It is a relatively stable enzyme
and is a suitable replacement for sorbitol dehydrogenase
(SDH) in transported samples.13 GLDH rises are sometimes
seen in horses with skin conditions and enteropathy.

L-gamma glutamyltransferase (GGT)

GGT is found in cell membranes of hepatocytes and biliary
epithelial cells, but the enzyme is also found in the pancreas
and kidney.101,102,104,105 Elevations in serum levels are seen in
the presence of acute hepatitis, chronic liver cirrhosis, and in
very rare cases of pancreatitis. Nephropathy does not usually
result in significantly raised serum GGT levels so high levels
measured in the horse are usually a sign of biliary or
cholestatic disease. Chronic pyrrolizidine alkaloid toxicity
(ragwort, i.e. Senecio jacobea, poisoning) causes bile duct
hyperplasia and biliary stasis and therefore typically results
in raised serum GGT and alkaline phosphatase levels.114 This
remains an important cause of hepatopathy in horses and
ponies in the UK, who ingest the plant unknowingly in poor-
quality hay. Toxicity is uncommon in well-managed
performance horses.

Idiopathic GGT elevations are not uncommonly seen in
horses in training who appear otherwise healthy but perform
poorly. The cause of these GGT rises has not yet been satisfac-
torily defined, although plant and fungal hepatotoxins have
been suspected. In most cases, other liver enzymes are within
normal range as are urea and creatinine levels, and liver
biopsy reveals insignificant histopathologic findings. It is
therefore not certain that primary hepatopathy or nephro-
pathy is involved. Some cases have raised muscle enzymes
suggesting an association with myopathy, either directly or
secondarily, again perhaps via respiratory virus-induced
increased muscle cell membrane fragility. Most cases respond
(GGT levels return to normal) to a period of rest from exercise.

Urine GGT:creatinine ratios are elevated (> 4.0) in renal
tubular pathology.115

Alkaline phosphatase (SAP)

Elevations in this brush-border enzyme are most commonly
seen in the presence of chronic biliary obstructive liver
pathology (e.g. chronic pyrrolizidine alkaloid toxicity).101–105

High levels are also seen with abnormalities of bone metabo-
lism and intestinal malfunction.116

Intestinal phosphatase (IAP)

Elevations relative to total SAP are seen in the presence of
intestinal pathology.116

Reference ranges for serum SAP and IAP levels are age-
related10 and apparently high results must be interpreted
carefully in immature performance horses.

Bilirubin

The analysis of bilirubin levels is seldom useful in the horse
but may aid the classification of anemia and jaundice in some
cases.5,101,102,117 Owing to the horse’s unusual biliary excre-
tion system, indirect (unconjugated) bilirubin levels may be
higher than those in other species, without clinical disease,
and the significance of elevations without other abnormali-
ties may therefore be difficult to interpret. A period of
anorexia, inanition, or intestinal malfunction typically
increases indirect bilirubin levels spuriously.

Bile acids

This is a much better guide to hepatobiliary status than
bilirubin assays. High bile acid levels occur with embarrassed
hepatic function118 and are a useful diagnostic and prognos-
tic liver function guide in horses.

It is important to remember that none of the liver enzymes,
measured singly or in a ‘profile’, give any useful information
about liver function.103 The liver has a large functional reserve
and compensatory capacity. Liver enzyme rises suggest
hepatopathy that can be differentiated to a degree into acute,
chronic, biliary obstructive, or mixed pathology, but bile acid
assays and bromsulfalein clearance test results reveal either
adequate (normal levels) or impaired (high levels) functional
compensation. Impaired hepatic function suggests a guarded
prognosis. Liver biopsy and ultrasound examinations are
required to confirm an etiologic diagnosis on the basis of
histopathologic and echographic features.

Bromsulfalein (sulfobromophthalein,
BSP) clearance

Abnormally long clearance half-times for this liver-cleared
dye are seen in the presence of gross liver malfunction and
results may provide a useful diagnostic and prognostic guide
to liver function.119 Its use has decreased now that bile acid
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assays (whose results appear to correlate well) have become
available. After a baseline (time zero), jugular venous serum
sample is taken, two vials of prewarmed reagent are injected
intravenously. Serum samples are then taken from the other
jugular vein at 2, 4, 8, and 16 min, after injection. Half-time
clearances of more than 90 s are considered abnormal in
horses.

Amylase

Elevations occur in the presence of pancreatitis,120 but this
condition is rarely diagnosed in the horse.

Glucose

Other than for oral glucose and xylose absorption tests,121

useful for the diagnosis and evaluation of intestinal mal-
absorption cases, the value of this assay in adult horses is
limited to cases of pituitary adenoma (equine Cushing’s
syndrome).122,123 This condition is seldom seen in young
horses in training. Cases are frequently hyperglycemic.

Samples for glucose assay must be taken into fluoride anti-
coagulant and must reach the laboratory within hours of
collection.

Cholesterol and triglycerides

Elevations are seen in the presence of abnormal lipid 
metabolism and hyperlipidemia.124 These conditions, which
are typically seen in the Shetland and other small ponies, 
are seldom recognized in well-managed performance 
horses.

Urea

Urea is produced in the liver from the metabolism of
ammonia.125 Elevations are seen in the presence of abnormal
renal function. Urea levels may rise in the hemoconcentrated
and ‘over-trained’ horse, associated with fluid balance shifts
rather than renal disease. Many cases of equine dysautono-
mia (‘grass sickness’)126 have a degree of uremia but this is
usually caused by catabolism. A period of anorexia can have
a similar result.

Creatinine

Creatinine is formed in muscles from creatine breakdown and is
excreted via the kidneys.125 In normal horses, daily production
and excretion are remarkably constant, leading to its use as an
arithmetic constant for use with urinary fractional excretion
rates (see below). Therefore serum elevations reflect renal mal-
function (reduced glomerular filtration), levels being controlled
by excretion rate. This may occur in horses with prerenal 
(e.g. circulatory disturbances, dehydration or shock), renal
(insufficiency) or postrenal (obstructive) conditions.7

Urinary fractional electrolyte and
mineral clearance ratios

In horses with normal renal tubular function, urinary excre-
tion rate of creatinine is almost constant. It can therefore be
used as an arithmetic constant to produce a measure of the
fractional excretion of electrolytes and minerals in equine
urine.7,127–129 Concentrations of electrolytes or minerals are
measured in serum and urine samples collected at the same
time or at least within 1 h of one another. Diuretics must not
be used to stimulate urination.

The percentage excretion of an electrolyte is calculated
from the following equation:

Fractional urinary excretion (%) = × × 100

Where: (E)u is the concentration of electrolyte in the urine,
(E)s is the concentration of electrolyte in the serum, (Cr)u is
the concentration of creatinine in the urine and (Cr)s is the
concentration of creatinine in the serum.

Fractional excretion rates for sodium, potassium, chloride,
magnesium, calcium, and phosphate are most commonly
measured. The result provides an assessment of the horse’s
homeostatic regulatory status for that electrolyte or mineral,
e.g. sodium and chloride may be selectively excreted at an
increased rate because of excessive dietary salt intake.
Phosphate may be excreted at an increased rate to try to
maintain a normal serum calcium:phosphate ratio in the face
of inadequate calcium intake.7 The use of this method applies
only to horses with normal renal function. Impaired renal
tubular function results in high urine excretion rates for all
the electrolytes and minerals, from failure of retention, and
in such cases, creatinine is not a valid arithmetic constant.

Electrolyte imbalance may predispose to exercise-induced
myopathy in horses in training and so fractional clearance
ratios may sometimes be helpful in the investigation and
management of recurrent cases.127,129 Dietary deficiencies,
excesses, or imbalances can be corrected and return to
normal excretion rates monitored, sometimes with useful
results in terms of resolution of myopathy.

In secondary nutritional hyperparathyroidism,7 which is
commonly seen in horses on a high-phosphate training diet,
phosphate excretion rate is high, indicating the need for oral
calcium supplementation and phosphate reduction, to restore
balance. Experience has shown that, in the UK, many healthy,
fit, stabled and well-performing horses receiving high cereal
training rations have urinary fractional phosphate excretion
rates in excess of 9%, emphasizing the need for calcium sup-
plementation. Higher excretion rates are seen in horses with
clinical manifestations of secondary nutritional hyper-
parathyroidism, which include shifting lameness, periosteal
thickening, and facial and mandibular swelling.

Sodium, phosphate, and chloride

Electrolyte imbalance and fluid loss may occur with 
diarrhea, endotoxemia, intestinal crises, and exertional

(Cr)s
(Cr)u

(E)u
(E)s
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exhaustion.46,53–59,130 The latter is of particular importance
for endurance horses and for other horses performing in hot
and humid weather conditions.131 Serial assays are helpful
with intensive care cases. In other cases, urinary fractional
electrolyte excretion rates (see above) are a much better
assessment than single serum assays.

Calcium, phosphate and magnesium

Mineral analysis may be helpful in young horses, i.e. year-
lings and 2-year-olds coming into training, with signs sug-
gesting abnormalities of bone metabolism.132 As homeostatic
mechanisms are efficient, serum levels are often normal even
in the face of whole body abnormality, and thus urinary frac-
tional excretion rates are of greater value.

Plasma lactate

A number of hand-held and bench-top blood lactate analyzers
have been used in horses. Most have been designed to help
assess the human response to exercise. Results have been used
to describe and predict aerobic endurance capacity in horses
and it has been suggested that the rate of decline in blood lactate
concentration, which occurs after exercise, may be a useful
index of fitness.62,133–136 Persistent high blood lactate concen-
trations may suggest metabolic fatigue. Anerobic capacity is 
essential for sprinters and so increases in blood lactate concen-
trations for fast, short-distance Thoroughbred flat race horses
may be an advantage. Successful long-distance endurance race
horses need to be able to maintain mainly aerobic metabolism
(low blood lactate levels) rather than switching to increased
dependence on anaerobic metabolism (high blood lactate levels)
for prolonged periods of time.

In horses, high circulating erythrocyte counts, particularly
in response to exercise, make measurement of whole blood 
lactate levels less accurate, repeatable, and meaningful than
plasma lactate levels.137 This necessitates deproteinization and
centrifugation before analysis of plasma samples, which is
much less convenient than whole blood analyses, which can be
performed for human athletes with instant-reading hand-held
machines.

For race horses, results are uninterpretable without care-
fully controlled standard exercise testing conditions,45,60

which are often difficult to organize, especially under
Thoroughbred race horse training conditions.

Serology

Feed allergen precipitin tests

These may be useful in intractable cases of allergic dermato-
logic or enteric disease. Serum samples can be tested against
a panel of equine food allergens prepared previously or
specific allergens can be prepared from representative
samples of all the individual horse’s feed constituents. Bran

appears to be the most common feed constituent that pro-
duces positive precipitin responses in equine serum.
Occasionally, exclusion from the diet has resulted in clinical
improvement in sensitized horses.

Fungal allergen precipitin tests

These have been used occasionally in cases of recurrent aller-
gic pulmonary disease.138

Blood gas analysis

Analyses are useful in cases of respiratory and intestinal abnor-
mality, where acidosis or alkalosis are suspected, prior to thera-
peutic correction.56,58,139 Analyses are helpful, alongside fluid
and electrolyte balance assessments, for enterotoxemic and
other critically ill horses under intensive care and for endurance
horses and others performing in hot, humid conditions, suffer-
ing exertional exhaustion and/or heat stress.

Samples must be taken in heparinized, airtight syringes
(preferably glass), and transported on ice to the laboratory
within an hour or two of collection, so are practically limited
to immediate in-house testing.

Interpretation of laboratory
results

With a differential diagnosis in mind, the first task is to
examine laboratory results in relation to appropriate refer-
ence values10,140 and to decide whether significant variations
occur. If all figures lie within reference ranges, this can help
to rule out some possibilities, opening paths for further inves-
tigation. For example, the horse that is ‘stiff ’ after exercise, yet
whose serum AST and CK levels (in a sample collected later
the same day or the following day) are not elevated, can be
confirmed to be not suffering from exertional myopathy.61

Further examinations and spinal/pelvic radiographic exami-
nations may be indicated if clinical signs persist. The horse
that coughs with normal leukocyte figures may not be suffer-
ing from a systemic infection and the next logical step is
endoscopic and tracheobronchial wash cytologic examina-
tion141,142 to investigate further.

Where there are variations from reference values, physio-
logic and pathologic causes must be differentiated.

Physiologic and collection technique
effects

Marked elevations in erythrocyte parameters can occur fol-
lowing epimephrine (adrenaline) release and reflex splenic
contraction, especially in the temperamentally ‘nervous’
horse.4,6,13,50,51 This may occur when the horse is presented
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with an unusual situation (e.g. a veterinary surgeon with
blood collection equipment) or following exercise. In most
cases, such excitement is obvious to the clinician but, if a lab-
oratory interpretation is required, a note should be made on
the laboratory request form to avoid misinterpretations.
Alternatively, other people, prior to the clinician’s arrival and
unknown to him or her, may have excited the horse and this
may only be apparent on examination of the results. Under
these circumstances, marginal effects are difficult to assess.
For these reasons, blood samples should be taken from horses
following periods of rest, with the minimum of restraint and
with a gentle reassuring technique. In UK Thoroughbred
racing stables, 4 p.m., before the staff arrive to feed and
groom, is usually a convenient time for sampling standardi-
zation. Despite all efforts, it is impossible to collect blood from
some individual horses without eliciting a degree of excite-
ment that makes the interpretation of erythrocyte parame-
ters impossible.

The delineation between physiologic alterations and
pathologic changes can sometimes be indistinct. Exercise,
especially strenuous exercise, produces physiologic alter-
ations in circulating leukocyte numbers, the concentrations
of circulating muscle cell enzymes, fluid, electrolyte, and
acid–base balance, which must be taken into consideration
when trying to interpret postexercise laboratory results.21,22

Excessive alterations in these parameters may occur as the
result of pathologic changes in the unfit, overexerting and/or
exhausted horse.46,131 It can sometimes be very difficult to
determine where physiologic alteration finishes and patho-
logic change begins. For example, degrees of exercise-
induced myopathy can be diagnosed in serum samples taken
from most, if not all, race horses during their training process
on the basis of raised serum muscle enzyme levels. Some
horses show no clinical signs and perform well whereas
others with similar magnitudes of circulating AST and CK
appear stiff and perform poorly. It is sometimes difficult to
determine where physiologic muscle ‘stress’ becomes patho-
logic myopathy. There appears to be considerable individual
variation and this is where the veterinarian and trainer must
get to know their horses as individuals.

Pathologic abnormalities

Once artifactual and physiologic effects have been considered,
the next step is to identify those that suggest pathologic
abnormality. In some cases these will be highly specific, for
example high serum AST and CK levels in a clinical case of
exertional myopathy61 or the isolation of equine influenza
virus from a nasopharyngeal swab sample of an acutely
coughing horse.143 In other cases, the initial results may
require clarification by the application of further tests, for
example LD isoenzyme analysis, bile acids, BSP clearance test,
liver ultrasound imaging and biopsy following high serum
AST, LD, GLDH, GGT, and SAP levels.103 Urine analysis,
urinary electrolyte fractional excretion rates, renal and
bladder ultrasound examinations, and cystoscopic examina-
tions may be required following high serum urea and creati-

nine results in cases of weight loss. In some instances, parallel
tests must be performed to make accurate interpretations, for
example concurrent tracheobronchial cytopathologic and
bacteriologic examinations of tracheal wash samples in race
horses.141,142 Without information regarding the presence or
absence of septic leukocytic inflammatory change, the inter-
pretation of the ubiquitous equine skin and mucosal aerobe
Streptococcus zooepidemicus in relation to bronchitis in the
absence of obvious clinical signs is impossible.

Where abnormal results indicate organ pathology (e.g.
AST, LD, GLDH, GGT, and SAP indicate hepatopathy), it is
important to determine its effect on organ function.103

Normal bile acid results indicate insufficient pathology to
compromise liver function and therefore a better prog-
nosis for response to treatment than where raised bile 
acids confirm sufficient pathology to cause functional
impairment.

Once pathologic abnormality has been identified, this
must be correlated with the clinical history and an assess-
ment made of primary or secondary significance. In a horse
with clinical signs of acute, postexercise myopathy, high
serum AST and CK levels are consistent with primary
significance.61 However, in a horse that is collapsed and jaun-
diced with very high serum SAP and GGT levels and history
of ingestion of contaminated hay, suggesting chronic Senecio
jacobea poisoning, high �-1 globulin levels may be a sign of
underlying and perhaps opportunist large or mixed strongyle
larval activity. Treatment of the latter case with larvicidal
doses of anthelmintics would be unlikely to cure the collapse,
jaundice, and hepatopathy and may be deleterious, until the
hepatopathy has been treated and resolved. Mixed pathology
is not uncommon in young and adult horses and multiple
laboratory result abnormalities must be interpreted with
care. The ‘jigsaw puzzle’ analogy is again appropriate.

Response to treatment

Clinicians recognize that clinical examinations alone may be
misleading in the assessment of response to treatment.
Again, the race horse with exercise-induced myopathy pro-
vides a good example. This horse may appear clinically
normal after a period of rest and treatment but experience
suggests that if exercise is resumed before serum AST levels
have returned to within normal reference limits there is a
greater risk of immediate recurrence. This especially applies
to those fillies who repeatedly ‘tie-up’144 and are suspected to
have a genetic predisposition to this condition. Race horses
that are returned to strenuous exercise before respiratory
viral-induced leukopenia and raised inflammatory protein
and cardiac troponin levels have resolved are at significantly
greater risks of developing chronic fatigue syndrome109

and/or cardiopulmonary complications. Horses that have
been treated with larvicidal doses of anthelmintics for intes-
tinal parasitism should be re-examined 4 weeks after treat-
ment to look for return to normal �-1 globulin levels. If there
is an unsatisfactory response, a change in management,
anthelmintic type, repeat treatment, or search for a primary
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predisposing factor or other primary disease is indicated.
Horses that have been treated for hepatopathy should be re-
examined 3 weeks later to look for return to normal liver
enzymes and bile acid results.

The future

Equine veterinary research will continue to generate infor-
mation leading to the development and refinement of labora-
tory aids to diagnosis, including hematologic and serum
biochemical tests, which are of help to the clinician.
Clinicians will continue to improve their knowledge and
expertise in the application and interpretation of these aids
and will require access to efficient laboratory support. Equine
diagnostic laboratories will continue to develop to provide
this support to the benefit of race horses and their owners
and trainers.

For clinical disease diagnosis, tests with improved
specificity will continue to develop and find their place in
practice. The importance of preventive medicine, in terms of
both humane and economic considerations, will continue to
increase and developments in knowledge and techniques will
improve laboratory support.

Research into equine exercise physiology will continue to
provide information, which may help to improve the
efficiency of the performance-horse industries. Interest in
exercise physiology, involving standardized exercise sched-
ules, on and off treadmills, with pre-, during and postexercise
sampling, cardiopulmonary monitoring, and muscle cell
histochemical assessments have and will continue to improve
our understanding of this subject. Unfortunately, few train-
ers of race and performance horses have embraced or are
even willing to try these techniques. Frequently, trainers
covet their art and are suspicious of recommended science. It
is to be hoped that scientific progress in equine exercise physi-
ology can be converted into practical and reliable tests that
can help veterinarians give advice to trainers with respect to
the true assessment of fitness in performance horses and the
management of the training process. Once convinced,
trainers will be more willing to use these techniques.
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● it does not occur acutely
● it is not associated with acute hemolysis or blood loss
● there is no loss of blood volume
● no other disease processes or conditions (such as infection,

fever, severe injury, exercise, agitation, or advanced preg-
nancy) are present which increase oxygen demand.

Free hemoglobin in solution, as present in intravascular hemol-
ysis, exerts strong vasoconstrictor effects due to binding of
nitric oxide,10 and has an increased affinity for oxygen due to a
loss of 2,3-DPG.11 The resulting decline of effective oxygen
delivery and release into the tissues contributes to the patho-
physiologic effects of hemolytic anemia. When tissue oxygen
demand is increased, or when anemia becomes severe enough
to exceed the compensatory capacity of the organism, the
degree of oxygen extraction from the blood cannot be increased
and the oxygen uptake by the tissue decreases as the oxygen
supply decreases (supply-dependent oxygen uptake; Fig. 44.1).
The resulting anaerobic metabolism leads to an accumulation
of lactate and metabolic acidosis.3,4,12 Ultimately, tissue
hypoxia and limited metabolic capacity of the affected tissue
can lead to tissue damage and organ failure.2,13

Diagnosis of anemia

Clinical signs

Decreased oxygen-carrying capacity of the blood and related
compensating mechanisms are responsible for most of the
clinical signs associated with anemia. The severity and rate of
development of anemia determine the efficacy of physiologic
compensatory mechanisms. Patients with chronic anemia
tolerate a much lower red-blood-cell mass than do patients
with rapidly developing acute anemia.

Subtle anemia is difficult to detect and has mild clinical
effects. Total red-cell volume and hemoglobin concentration
are correlated with the exercise capacity of a horse.14–16

During exercise, tissue demand for oxygen is increased. 
Small decrements in red-cell mass lower the level of exercise

Anemia

Anemia is defined as a decrease in red-cell mass leading to a
reduction in measured erythrocyte concentration, hemo-
globin concentration, or hematocrit below the reference
value.1,2 As hemoglobin is the major determinant of the arte-
rial oxygen content (CaO2), anemia is functionally character-
ized by the reduced oxygen-carrying capacity of the blood.3–5

Several compensatory mechanisms serve to increase
tissue oxygenation in the presence of anemia.1,2,6 One of the
initial adaptations to anemia is an increase in the 2,3-
diphosphoglycerate (2,3-DPG) content of the red blood cells.
This is probably caused by a change in intracellular pH and
leads to a decreased oxygen-affinity of hemoglobin; oxygen is
therefore more readily released to the tissue. Blood viscosity is
markedly decreased, with lower erythrocyte concentrations,7

and tissue hypoxia activates mechanisms of local blood flow
regulation and causes peripheral vessels to dilate.8 This
results in a dramatic fall in peripheral vascular resistance, an
increase in cardiac output, and improvement in oxygen
delivery to the tissues.1,2,6,9 Individual changes in vascular
tone result in redistribution of blood from non-vital areas
(skin, intestine) to highly oxygen-dependent tissues (heart,
brain, muscles). Finally, diminished oxygen supply to the
kidneys leads to increased synthesis of erythropoietin, which
accelerates erythropoiesis in the bone marrow and elicits a
regenerative response to anemia.2

These mechanisms can, at least partially, compensate for
the decreased hemoglobin concentration and attenuate the
decrease in oxygen delivery to tissues. Even severe anemia is
therefore relatively well tolerated at rest, as long as it meets
the following criteria:
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intensity at which tissue hypoxia occurs, and therefore result
in exercise intolerance.6

More severe anemia is characterized by depression,
weakness, tachypnea, tachycardia, hyperkinetic pulses, and
pale or icteric mucous membranes. Systolic, functional 
heart murmurs are frequently associated with anemia.
Hemoglobinuria or bilirubinuria may be seen in horses with
hemolytic anemia. Cardiac arrhythmias may indicate
myocardial hypoxia. Abdominal pain and signs of functional
intestinal ileus are likely related to splanchnic ischemia,
which may lead to sloughing of the intestinal mucosa, endo-
toxemia, and bacteremia.12,13

Hematology

Anemia is diagnosed when hematocrit, hemoglobin concen-
tration, and erythrocyte concentration on a complete blood
count (CBC) are below the reference range for the respective
breed. The clinical definition of anemia can be problematic,
as hydration status and splenic contraction due to exercise,
excitement, or stress can also influence the hematologic
values. Changes in hematocrit and hemoglobin concentra-
tion may therefore not reflect the true change in oxygen-
carrying capacity of the blood.1,17

The traditional approach to determine the etiology and
pathogenesis of anemia is to establish whether the anemia is
regenerative or non-regenerative.18 In horses, assessment of
a regenerative response is difficult based on a routine
hemogram, because reticulocyte maturation is completed in
the bone marrow and release of reticulocytes into the blood is
minimal, even in response to severe anemia.17,19,20 Rarely,
reticulocytes and nucleated red blood cells may be found in
cases with severe hemolysis.21 Young erythrocytes are
usually larger than normal erythrocytes. Therefore, a regen-
erative response is in most species characterized by release of
macrocytes into the bloodstream, independent of reticulocy-
tosis.18,19 Macrocytosis and anisocytosis may be the only indi-
cators of regeneration in peripheral blood of horses.18 It can
be detected by determination of erythrocyte indices (mean
corpuscular volume and red blood cell distribution width),

red blood cell cytograms and volume distribution histograms,
or blood smear evaluation.18

The mean corpuscular volume (MCV) is not a very sensi-
tive test for the detection of abnormal or variable sizes of
erythrocytes. Large numbers of macrocytes are necessary 
to increase the MCV above the normal range.18,19,22,23

Macrocytosis is more pronounced in hemolytic anemia than
in anemia due to acute blood loss.24,25 The mixture of pre-
existing normocytes and newly produced macrocytes during
the recovery period in regenerative anemias leads to aniso-
cytosis.26 The red blood cell distribution width (RDW) is an
index of anisocytosis and is calculated by many automated
hematology systems as a coefficient of variation of the
erythrocyte volume distribution.19,23 Significant increases in
MCV and RDW are detectable 14 to 20 days after onset of
anemia and can persist for several weeks.19,23 Although the
RDW might be somewhat more sensitive than the MCV in
detecting a regenerative response in horses, its increase is not
a consistent indicator of regeneration, and it does not occur
in mildly anemic horses.19 Therefore, absence of these two
findings does not exclude regenerative anemia.

Red blood cell (RBC) cytograms, RBC volume distribution
curves, and hemoglobin concentration histograms are more
sensitive in detecting changes in erythrocyte size or hemo-
globin content and allow earlier detection of abnormal
erythrocyte subpopulations than the routine erythrocyte
indices (MCV, RDW).18,19,22,23,27 Most modern automated
hematology analyzers will report this information on request
(Fig. 44.2).

Single hematologic measurements may be difficult to
assess. Series of samples can reveal the severity of anemia
and the presence of a regenerative response. The nadir of the
hematocrit is reached around 2 to 7 days after acute blood
loss and as late as 13 to 22 days after onset of hemo-
lysis.19,20,23–25 Reported daily increases in hematocrit follow-
ing hematocrit nadir in regenerative anemias in horses vary
between 0.32 and 0.67%, and are slower than reported in
other species.19,20 The rate of erythrocyte and hemoglobin
production after hemolysis is higher than after acute blood
loss, probably because iron and protein is not lost from the
body and is readily available for erythropoiesis.17,23,25,26

Concurrent measurements of total plasma protein con-
centration may also be useful for determination of the type of
anemia. Regenerative anemia, associated with a low, increas-
ing plasma protein concentration, is consistent with blood
loss, whereas a normal protein concentration more likely
indicates hemolysis.17

Blood smears Blood smear evaluation is an easy and very
important procedure in diagnosing anemia. Autoagglutina-
tion, alterations in erythrocyte morphology, presence of blood
parasites, or the brown color of methemoglobin cannot be
accurately detected by automated hematology analyzers.18,28

The physiologic property of equine erythrocytes to aggre-
gate and form rouleaux on the peripheral blood smear
(Fig. 44.3) requires special consideration and should be
distinguished from pathologic autoagglutination. The latter
leads to formation of irregularly shaped erythrocyte clusters
of different sizes, whereas rouleaux formation leads to a more
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orderly association with the erythrocytes lining up in rows.
Mixing of the blood with normal saline (in a ratio of 1 part
blood to 4 parts saline) will break up rouleaux but not agglu-
tinated erythrocytes.17,29,30

Wedge smears of EDTA-anticoagulated whole blood can
be made using two clean glass slides. The smears are then air
dried and stained with Romanowsky-type stains (e.g. Wright,
Giemsa, Diff–Quick).28 New methylene blue stain can be used
to detect Heinz bodies. Normal equine erythrocytes are
approximately 5.4 �m in diameter. Changes in erythrocyte
morphology may be useful to determine the underlying
mechanism of anemia.28 Table 44.1 summarizes common
findings in blood smears of anemic horses.

Bone marrow evaluation

Bone marrow evaluation is the most accurate method for
assessment of a regenerative response in horses. It is indi-
cated in cases for which the hemogram does not adequately
provide evidence of normal bone marrow function.18,26,31

Bone marrow aspirate cytology allows evaluation of individ-
ual cellular morphology and the use of special stainings and
procedures, but may not reflect true cellularity of the bone
marrow and can be affected by hemodilution. Core biopsy
examination is indicated if repeated aspirates are of marginal
cellularity, if hypoplasia, aplasia, inflammation, necrosis, or
myelofibrosis are suspected, or when megakaryocyte

969
44 Abnormalities of the erythron

RBC 1.52 M/μL
HGB 2.16 g/dL
HCT 5.48%
MCV 36.0 fL
MCH 14.2 pg
MCHC 39.4 g/dL
RDW 22.3%

RBC 4.26 M/μL
HGB 6.36 g/dL
HCT 17.3%
MCV 40.5 fL
MCH 14.9 pg
MCHC 36.8 g/dL
RDW 22.8%

RBC 1.88 M/μL
HGB 5.45 g/dL
HCT 8.35%
MCV 44.3 fL
MCH 28.9 pg
MCHC 65.2 g/dL
RDW 22.8%

RBC 4.28 M/μL
HGB 8.11 g/dL
HCT 21.0%
MCV 49.1 fL
MCH 18.9 pg
MCHC 38.6 g/dL
RDW 23.2%

RBC 3.16 M/μL
HGB 6.15 g/dL
HCT 16.0%
MCV 50.8 fL
MCH 19.5 pg
MCHC 38.3 g/dL
RDW 24.7%

RBC RBC

A)

B)

C)

Fig. 44.2
Red blood cell indices and erythrocyte volume histograms.
(A) Pure red cell aplasia associated with administration of rhEPO.The RBC indices and erythrocyte volume histograms of two
examinations 80 days apart indicate lack of regenerative response despite decreasing hematocrit (PCV). (B) Heinz body hemolytic
anemia due to maple leaf toxicity. RBC indices and erythrocyte volume histograms 4 days after onset of the clinical signs do not
indicate regeneration. (C) Erythrocyte volume histograms of the horse in (B) 2 days (left) and 8 days (right) later. Widening of the
right tail of the histograms (arrows) indicates increased numbers of macrocytes consistent with a regenerative response. Note that
the MCV and RDW are increasing over time but do not exceed the upper limit of the normal range (normal ranges: MCV 43–55 fl;
RDW 19.8–25.4%).



numbers should be determined.32 In some cases only a com-
bination of both techniques provides the desired information.
Both procedures are easy to perform on the standing sedated
horse and carry a small risk of complications. Standard tech-
niques for bone marrow collection, sample preparation, and
staining have been described.32–35

For aspirates, a 13- to 15-gauge, 2-inch needle with stylet
is recommended. For core biopsies, a larger needle (11 to 
13 gauge) should be used (Fig. 44.4). Several types of bone
marrow collection needles are commercially available. An
alternative biopsy technique using an electric drilling
machine has been described.36 Possible sites for bone marrow
sampling in horses are the cranial sternum, tuber coxae, and
the dorsal third of the ribs, where hematopoietic activity is
maintained throughout life; the sternum is most frequently
used. The sampling is performed in the ventral midline on an
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Fig. 44.3
Normal rouleaux formation of equine erythrocytes.

Finding Description/appearance Cause

Rouleaux formation Erythrocytes lining up in rows, Normal
very prominent in equine blood

Howell–Jolly bodies Round, basophilic inclusion bodies, DNA remnants, found in 0.1% of normal
found near the periphery of the erythrocytes; more often with severe
erythrocytes (regenerative) anemia

Heinz bodies Pale pink (Romanowsky stain) or Denaturated aggregates of hemoglobin 
dark blue (new methylene blue stain) due to oxidative damage (maple leaf,
round protrusions of the onion, or phenothiazine toxicity)
erythrocyte membrane or bodies 
within the cell

Eccentrocytes Erythrocytes with small peripheral Alterations in the erythrocyte 
(‘hemighosts’) cytoplasmatic clearing membrane and condensation of 

hemoglobin in the remainder of the cell 
due to severe oxidative damage (maple 
leaf toxicity)

Schistocytes Small, irregularly shaped Endothelial damage and alterations in 
(erythrocyte erythrocyte fragments with two the microcirculation, associated with 
fragments) to four angular or pointed DIC, neoplasia, or inflammation of very

projections vascular organs (liver, spleen, lung,
kidney, bone marrow, placenta)

Autoagglutination Irregularly shaped erythrocyte Immune-mediated hemolytic anemia,
clusters of different sizes adverse effect of unfractioned heparin,

occasionally incidental finding as a result
of anti-erythrocyte IgM antibodies
present in normal animals

Echinocytes Uniformly spaced, pointed Crenation artifact, electrolyte depletion
membrane projections

Macrocytosis Large erythrocytes Regenerative anemia, prolonged storage 
of blood

Microcytosis Small erythrocytes Iron deficiency, chronic blood loss
Spherocytes Small round erythrocytes with Result from partial removal of red cell 

lack of central pallor (difficult membrane by macrophages secondary 
to detect in horses) to antibody or complement attachment

(immune-mediated) or oxidative
damage (maple leaf toxicity)

Parasites Teardrop-shaped inclusions with Babesia caballi or Theileria equi
two or four (‘Maltese cross’) 
organisms per cell

DIC, disseminated intravascular coagulation; IgM, immunoglobulin M.

Table 44.1 Common findings on peripheral blood smears in anemic horses17,18,28



imaginary line between the two elbows. The site is clipped,
aseptically prepared, and 5 to 10 mL of a local anesthetic is
injected into the subcutis down to the periosteum. A stab inci-
sion is then made at the sampling site and the bone marrow
needle with stylet is inserted through the skin to the sternum.
To take a bone marrow aspirate, the needle is then advanced
approximately 1 to 1.5 cm with a rotational movement using
firm pressure. The stylet is removed, a 10-mL syringe is
attached, and aspiration is performed. The risk of extensive
contamination of the sample with peripheral blood can be
reduced by forceful, rapid aspiration. The suction should be
released when blood becomes evident in the syringe. The
marrow specimen should be processed immediately to avoid
coagulation and to preserve cellular morphology. The sample
is transferred through the needle to several glass slides and
direct smears are made before the sample clots. Alternatively,
bone marrow aspirates can be transferred onto a Petri dish
containing 0.5 to 1 mL 2% to 3% EDTA or a citrate–
phosphate–dextrose solution for anticoagulation. The
marrow particles adhere to the Petri dish and can be easily
detected as small, granular, gray particles, even when some
blood contamination is present. They are selected and trans-
ferred to glass slides using a Pasteur pipette. Bone marrow
squash preparations are made using a second slide. The slides
are then air-dried. Multiple smears (4 to 10, depending on
volume of material obtained) should be submitted for routine
stains and for additional special stains.

To obtain a core biopsy, the needle is inserted through the
skin and the cortex of the sternum as described above. After
removing the stylet, the needle is advanced with a rotating
motion an additional 1 to 2 cm into the bone marrow cavity.
The needle is then withdrawn rapidly from the sternum, and
the biopsy specimen is removed retrograde from the lumen of
the needle with a probe or with the stylet. Some needles
require particular handling and the manufacturer’s instruc-
tions should be followed carefully. Core biopsy samples are
fixed in 10% neutral buffered formalin. Before placing in

formalin, the specimen should be rolled gently across a glass
slide to obtain impression smears for cytologic examination.

Common problems encountered when performing these
procedures are failure to obtain a bone marrow aspirate or
biopsy, and excessive blood contamination of aspirate speci-
mens. In this case, multiple attempts at slightly different sites
should be made to obtain diagnostically interpretable
samples. Complications of bone marrow aspiration or biopsy
are rare. Iatrogenic infections can be avoided by sterile tech-
nique. Excessive bleeding in patients with coagulation dis-
orders, pneumothorax, hemothorax, and cardiac laceration
may occur. The risk can be minimized by sedation of the
horse, proper restraint, use of a needle guard, and careful
monitoring of the needle length during the procedure. Bone
marrow collection from the ribs contains similar risks, as the
needle can slip off the bone and enter the thoracic cavity.
Bone marrow sampling at the tuber coxae appears safer for
examiner and horse, and may be associated with less compli-
cations. However, it is difficult to obtain bone marrow
samples from the tuber coxae of older horses.

Cytologic examination of bone marrow aspirates or histo-
logic examination of bone marrow biopsies should be
assessed together with a complete blood count and differential
taken on the same day and, if available, with results from
previous CBCs and bone marrow evaluations.18,32,35 Accurate
interpretation of bone marrow samples requires training 
and considerable expertise. Routine bone marrow aspirate
cytology is performed using Romanowsky-type stains 
(e.g. Wright, Giemsa, Diff–Quick). These stains allow the
determination of particle cellularity; megakaryocyte num-
bers and maturity; erythroid and myeloid development, 
maturation, and morphology; and the presence of lymph-
oid cells, macrophages, stromal cells, and unusual cell
populations.35

Normocellular bone marrow particles contain 50% fat
and 50% cells (Table 44.2). Hypocellularity is consistent with
decreased hematopoiesis, whereas hypercellularity suggests
hematopoietic response, infiltrative disease, or neoplasia.35

Normocellular bone marrow with normal-appearing ery-
throid cells and increased iron deposits in the marrow is seen
in anemia of inflammatory disease.18,37 Erythroid hyperpla-
sia, accompanied by a lack of hemosiderin in macrophages, is
seen in iron deficiency.18 Aplastic anemia (aplastic pan-
cytopenia) is characterized by peripheral pancytopenia and
bone marrow panhypoplasia. The bone marrow space is
replaced by adipose tissue.38 Infiltration and replacement of
the bone marrow by inflammatory cells, neoplastic cells, or
fibrous tissue (myelofibrosis) is referred to as myelophthisis.
The marrow usually appears normocellular or hyper-
cellular.38 Myelodysplasia is characterized by morphologic
abnormalities in hemic cells. Excessive blast cell content of
the bone marrow is indicative for leukemia.18 Severe suppres-
sion of only the erythroid cell line is called pure red cell
aplasia.38

Although subjective microscopic evaluation is a valuable
and important method, it is often inadequate to assess regen-
erative response to anemia. Differential cell counts should be
determined to increase the accuracy of quantification of
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Fig. 44.4
Bone marrow sampling device. (A) Needle with stylet,
(B) probe, (C) extraction cannula (optional use).
(TrapSystem™ Bone marrow biopsy/aspiration needle.)



myeloid and erythroid cells.31 The myeloid to erythroid ratio
(M:E ratio) is commonly used to assess the erythroid com-
partment. The ratio is determined by counting 200 to 500
cells and dividing the number of cells of the myeloid series by
the number of cells of the erythroid series. The normal M:E
ratio in horses is between 0.5 and 1.5. A regenerative
response leads to a decrease in M:E ratio, whereas a hypo-
proliferative anemia is characterized by an increased M:E
ratio.31,39–41 The regenerative response after acute loss of
25% of blood volume (20 mL/kg) leads to an expansion of
the erythroid compartment within the first 3 days, and the
peak erythroid response is reached after 9 days, corres-
ponding with the lowest M:E ratio. The regenerative response
in horses is prolonged and may be detected for more than
1 month.31 Coexisting changes in the myeloid compartment
can also influence the M:E ratio and should be taken into
consideration. Leukocytosis with left shift, as detected on
complete blood count, results from augmented granulo-
poiesis. In this instance an activation of the myeloid series
increasing the M:E ratio may be expected.

In addition to the M:E ratio, determination of the num-
ber of young erythrocytes in bone marrow is useful to 
assess erythropoietic activity.42 Anucleate erythrocytes in
Romanowsky-stained smears are referred to as poly-
chromatophilic erythrocytes (PRBC). In new methylene blue-
stained smears, these cells appear as reticulocytes.35 The
presence of more than five PRBCs per high power field (100 ×
oil immersion) and more than 3% reticulocytes (up to 66%)
in relation to the total red blood cells confirm a regenerative
response.17,31,42–44

Prussian blue stain allows semiquantitation of iron
storage in the bone marrow. Normal bone marrow particles
contain a moderate to large amount of erythroblasts with
hemosiderin granula.40 The amount of stainable iron is
decreased in horses with chronic blood loss and iron
deficiency.41 Normoblasts and macrophages containing iron-
rich granules (siderocytes, sideromonocytes) can be seen in

horses with hemolytic anemia.45,46 Anemia of inflammatory
(chronic) disease leads to increased iron storage,37,40 whereas
iron-deficiency anemia leads to decreased iron storage in
bone marrow.47,48

Serum biochemistry

Determination of the serum bilirubin concentration may 
be useful in diagnosis of anemia. Bilirubin is a break-
down product of hemoglobin metabolism. Horses frequently
develop mild increases in serum unconjugated (indirect, 
prehepatic) bilirubin concentrations (up to 6–8 mg/dL
[103–137 �mol/L]) as a result of anorexia. Larger increases of
unconjugated bilirubin concentrations in anemic horses
support the diagnosis of hemolysis. The degree of elevation
depends on the rate of red cell destruction and the capacity 
of the liver to conjugate and excrete the newly formed 
bilirubin.49 Monitoring of the serum creatinine and serum
urea nitrogen concentrations is critical in horses with 
hemolytic anemia, as hemoglobinuria and bilirubinuria can
lead to acute tubular nephrosis (pigment nephropathy). Hypo-
volemia associated with acute blood loss is characterized by
prerenal azotemia. Furthermore, moderate non-regenerative
anemia can occur secondary to chronic renal failure.49,50

Serum activities of sorbitol dehydrogenase (SDH), other liver-
derived enzymes, and bile acid concentrations may be
increased with severe acute anemia due to hypoxic or ischemic
liver damage or increased iron storage and iron overload with
severe hemolytic anemia.49,51 Increased cardiac troponin I
serum concentrations may indicate hypoxic myocardial
damage.

Urinalysis

Hemoglobinuria and bilirubinuria are common features
associated with severe intravascular hemolysis, potentially
leading to acute tubular nephrosis. Monitoring of renal
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Finding Normal Regenerative Hypoproliferative
(staining method) response bone marrow

Cellularity 50% fat, 50% cells > 50% cells, dense < 50% cells, mainly fat
cellular aggregates

M:E ratio 0.5–1.5 < 0.5 > 1.5
PRBCs < 2/HPF > 5/HPF
(Romanowsky)
Reticulocytes 0.5–1% of erythroid > 3–5% of erythroid 
(new methylene blue) cells cells
Stainable iron Many or all erythroblasts Normal in blood ⇓ or absent in iron
(Prussian blue) contain one to many loss anemia deficiency anemia

hemosiderin granules
⇑ in hemolytic Normal or ⇑ in
anemia anemia of

inflammatory
disease

HPF, high power field (100x oil immersion); M:E ratio, myeloid-to-erythroid ratio; PRBC, polychromatophilic 
erythrocytes.

Table 44.2 Normal and abnormal bone marrow findings used for assessment of anemia in horses



function in cases with hemolytic anemia includes repeated
analyses of urine samples.49

Blood gas analysis and lactate

Blood gas analysis and measurement of blood or serum
lactate concentration may be useful for assessment of tissue
oxygenation in horses with severe anemia. Metabolic acido-
sis, increased anion gap, and elevated blood or serum lactate
concentration are consistent with tissue hypoxia or ischemia.
A low venous or (preferably) mixed venous oxygen partial
pressure (PvO2 < 25 mmHg) in association with normal pul-
monary function and adequate arterial oxygenation (PaO2
> 90 mmHg) indicates increased oxygen extraction from the
blood secondary to inadequate oxygen delivery.1,4,52 However,
the clinical application of these measurements to assess the
severity of anemia, tissue oxygenation, and the need for blood
transfusions in horses with anemia has not been established
and requires further investigation.

Assessment of minerals, trace elements,
and vitamins

Iron Iron exists in several anatomically, chemically, and
functionally distinct compartments in the organism.53,54 The
functional pool contains approximately 70% of the total body
iron. It consists of hemoglobin, myoglobin, and several iron-
containing or iron-dependent enzymes. Iron is stored primarily
in bone marrow, spleen, and liver, either in a soluble form 
(ferritin), or as insoluble, aggregated deposits (hemosiderin).
Plasma transferrin is the major iron transport protein.

The iron content of several of these compartments can be
determined to assess a patient’s iron metabolism. Hemo-
globin, the largest iron compartment of the body, is most
commonly measured and routinely included in complete
blood counts. However, hemoglobin is probably the least sen-
sitive variable for detection of iron deficiencies. Overt anemia
occurs only in late stages of severe iron deficiency.53,54 Serum
iron, ferritin, iron-binding capacity, and evaluation of the
iron content of bone marrow are more accurate indicators of
the iron status.47,48,53,54 Total serum iron concentration is
low with chronic iron deficiency, but it is also decreased in
inflammatory disease, hypoproteinemia, and renal disease.55

Serum ferritin concentration correlates well with body iron
stores and is a sensitive indicator of iron deficiency.55,56 It 
is also an acute-phase reactant protein and can increase 
secondary to inflammation or liver disease, leading to an
overestimation of total body iron content. Serum ferritin
should therefore be assessed together with a complete blood
count and plasma fibrinogen concentration.57 Plasma trans-
ferrin is indirectly measured after complete saturation with
iron, with the resulting iron content referred to as total iron-
binding capacity (TIBC). The TIBC is typically increased in
iron deficiency states, but decreased with acute-phase reac-
tions and inflammatory disease. The amount of stainable
iron in bone marrow samples correlates well with iron
stores58 and is a sensitive indicator for evaluation of the iron
metabolism (see above). The amount of marrow stainable

iron is decreased with iron deficiency, and increased with
inflammatory disease (Tables 44.3 and 44.4).
Copper Copper deficiency may commonly be overdiag-
nosed in horses due to inappropriately high reference ranges
available for horses. Normal serum copper concentrations in
healthy horses probably vary between 0.5 and 1.5 mg/L
(8–24 �mol/L).63–66 Concentrate ration feeding and copper
supplementation increase the serum copper concentra-
tions to 1–1.7 mg/L (17–26.6 �mol/L).67 Serum copper
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Increased Decreased

Serum iron Hemolytic anemia Iron deficiency
Refractory anemia Acute phase reactions
Iron overload Chronic inflammation
Liver disease Hypoproteinemia

Renal disease
Stress response 

(transport)
Serum Iron overload Iron deficiency
ferritin Hemolysis

Acute-phase 
reaction

Inflammation
Liver disease
Some neoplasia

Total  Iron deficiency Acute phase reactions
iron-binding Chronic inflammation
capacity Hypoproteinemia

Renal disease
Bone marrow Acute phase Iron deficiency
stainable iron reaction

Inflammation

Table 44.3 Variables used for assessment of iron status in
horses47,48,53,54,57,59

Value (n) Breed Normal Reference
values*

Serum iron n.d. 111 ± 11 60
(μg/dL) (14) Arabian 129 ± 29 61

(33) Quarter Horse 154 ± 34 61
(18) Thoroughbred 109 ± 12 61
(28) n.d. 124 ± 36.9 55
(23) Standardbred 147 ± 36.8 62

Serum ferritin (28) n.d. 152 ± 54.6 56
(ng/mL) (23) Standardbred 88.4 ± 31.8 62
TIBC n.d. 330 ± 32 60
(μg/dL) (14) Arabian 189 ± 17 61

(33) Quarter Horse 337 ± 49 61
(18) Thoroughbred 297 ± 47 61
(28) n.d. 343 ± 56 55

Transferrin (14) Arabian 68.3 61
saturation (33) Quarter Horse 45.7 61
(%) (18) Thoroughbred 36.7 61
n.d., not determined.
* Normal values expressed as mean ± SD where applicable.

Table 44.4 Normal values for the evaluation of the iron status in
horses



concentrations lower than 0.7 mg/L (11.5 �mol/L) may
indicate copper deficiency.68

Liver copper concentration and plasma ceruloplasmin
activity may be used in addition to serum copper concentra-
tion to assess copper status of an animal.64,68,69 Normal
copper concentrations in liver tissue vary between 3.2 and
11 mg/kg (51–176 �mol/kg) fresh weight.68,70,71 Mean
plasma ceruloplasmin activity in mature Standardbreds has
been determined to be 39.1 ± 0.5 IU/L (mean ± s.d.),65 and
serum ceruloplasmin concentration in adult horses varies
between 4.07 ± 0.41 and 6.06 ± 0.74 mg/mL.72 Acute-
phase reactions may increase copper metabolism and cause
the plasma copper concentration and ceruloplasmin activity
to rise.63,69,72 Complete blood count and plasma fibrinogen
concentration should therefore be assessed together with
serum copper concentrations to detect falsely elevated 
values.
Folic acid and vitamin B12 (cobalamin) Data on normal
folate and vitamin B12 serum concentrations for horses are
limited, and comparison between different studies is com-
plicated by differences in feeding and management regi-
men. Serum folate concentrations in non-supplemented
stabled horses and intensively training Thoroughbreds and
Standardbreds (range: 1.5–15.1 ng/mL) are generally lower
than in pastured horses (range: 6.4–21.7 ng/mL) or in 
race horses receiving dietary folate supplements (range:

2.0–21.1 ng/mL).73–76 Similar differences were found for red
cell folate concentrations, with race horses in training having
lower values (35–372 ng/mL) than stabled horses
(70–630 ng/mL) or horses on pasture (123–986 ng/mL).76

Measurement of red cell folate concentration may be 
more accurate for the assessment of the folate metabolism 
of horses.76,77 Serum vitamin B12 concentrations in non-
supplemented horses vary between 1.25 and 5.4 �g/L.75,76

Vitamin B12 levels do not seem to be significantly affected by
feeding and exercise. Measurements of serum or red cell
folate concentrations and vitamin B12 levels may be indicated
in horses with macrocytic or normocytic anemia, leuko-
penia, and hypoplastic bone marrow. However, interpretation
of the results may be difficult, as specific cut-off values for
determination of vitamin deficiency are not established.

Specific causes of anemia

Anemia is caused by hemorrhage (blood loss anemia), red
blood cell destruction (hemolytic anemia), or lack of erythro-
cyte production (hypoproliferative anemia) (Table 44.5).17,18

Blood loss anemias and hemolytic anemias are referred to as
regenerative anemias, whereas hypoproliferative anemias are
non-regenerative.
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Regenerative anemia Non-regenerative

Blood loss anemia Hemolytic anemia
(hypoproliferative) anemia

Acute Infectious Anemia of inflammatory 
Trauma Equine infectious anemia (EIA) (chronic) disease
Surgery Piroplasmosis (Babesia caballi, Chronic infection
Guttural pouch mycosis Theileria equi) Chronic inflammation
Internal abdominal or Severe trauma

thoracic bleeding Immune-mediated hemolytic Neoplasia
Coagulation disorders anemia (IMHA)

Secondary IMHA (Clostridial Nutritional deficiencies
Chronic infection, penicillin, lymphoma, Iron deficiency

Gastrointestinal purpura hemorrhagica) Folate deficiency
(ulceration, Autoimmune hemolytic anemia
neoplasia, parasites) Transfusion incompatibility Immune-mediated 

Respiratory (ethmoidal hypoproliferative anemia
hematoma, guttural Oxidative injury (Heinz body Recombinant human 
pouch mycosis, anemia and erythropoietin (rhEPO)-
pulmonary hemorrhage) methemoglobinemia) induced pure red cell aplasia

Urogenital Maple leaf toxicity Immune-mediated hemolytic
Coagulation disorders Onion poisoning anemia affecting erythroid

Phenothiazine poisoning precursors

Others Infectious
Terminal liver failure Equine infectious anemia
Intravenous administration of

concentrated dimethyl-sulfoxide Others
(DMSO) or hypotonic solutions Chronic organ dysfunction

Aplastic anemia
Myelophthisic disorders
Myelodysplastic syndromes

Table 44.5 Causes of anemia in athletic horses



Blood loss anemia

Acute blood loss
● External or internal bleeding can lead to decreased circu-

latory volume and hypovolemic shock.
● External bleeding is usually obvious, whereas internal

bleeding may be difficult to diagnose.
● Anemia and hypoproteinemia usually become evident

within 12 to 24 h of the onset of acute hemorrhage.
● Treatment consists of controlling the hemorrhage and

reversing hypovolemia, rather than increasing the hemo-
globin content of the blood.

● The prognosis is favorable for controlled hemorrhage, but
guarded for uncontrolled hemorrhage.

Acute hemorrhage is defined as major external or internal
hemorrhage that occurs within a few minutes to several
hours. Severe acute blood loss results in acutely reduced
blood volume, cardiovascular collapse, hypovolemic shock,
and death.12,13,78,79

History and presenting complaint A history of recent
trauma or surgery may be obtained. Overt bleeding is a
common but not invariate presenting sign. Exercise intoler-
ance, weakness, depression, anorexia, colic, and dyspnea
may be present.80

Physical examination Clinical signs principally reflect the
loss of blood volume rather than the loss of hemoglobin.78 They
vary depending on the underlying cause and rapidity, severity,
and duration of blood loss. Depression, weakness, tachycardia,
tachypnea, pale mucous membranes, weak peripheral pulses,
dehydration, and cold extremities are signs of hypovolemia and
hypovolemic shock. Occasionally, anxiety and agitation may
occur. Death due to cardiovascular collapse can occur within
30 min with severe acute hemorrhage.80–82

Hemothorax is generally associated with dyspnea,82

whereas hemoperitoneum commonly presents with signs 
of abdominal pain.80,81,83 Colic may also arise from mal-
perfusion of the intestine and tissue ischemia resulting from
compensatory cardiovascular mechanisms.81

Special examination Endoscopic examination of the upper
airways and guttural pouches is indicated to determine the
cause of severe epistaxis. Rectal examination, ultrasono-
graphic examination of the abdominal and thoracic cavity,
followed by abdominocentesis or thoracocentesis, should be
performed if internal hemorrhage is suspected.80,81,84

Laboratory examination Initially, hematocrit and erythro-
cyte count are normal due to the simultaneous loss of blood
cells and plasma. Splenic contraction may initially increase
the hematocrit in horses with acute blood loss. The hemato-
crit is therefore not an accurate indicator of the severity of
blood loss, especially in early stages of hemorrhage.78,82,84

The severity of blood loss must therefore be estimated from
clinical signs or, if possible, from measurement of the volume
of blood loss. Blood volume is restored by shifting water from
the interstitial fluid compartment to the intravascular com-
partment and by gastrointestinal and renal reabsorption of
fluid. Anemia and hypoproteinemia usually become evident
within 12 to 24 h of acute hemorrhage, indicating blood loss

anemia.17,24,78,84 The plasma protein concentration usually
begins to increase within 2 to 3 days and reaches normal
values within 5 to 7 days, unless there is ongoing blood
loss.78,84 Three to seven days after acute blood loss, regenera-
tive response can be detected by sequential measurements of
the hematocrit.20,23,24,78

Internal hemorrhage may be more difficult to detect based
on measurements of hematocrit and plasma protein concen-
tration, because up to two-thirds of the erythrocytes and
most of the plasma proteins are recycled. The hematocrit 
can therefore increase more rapidly and the plasma pro-
tein concentration may be normal or only slightly
decreased.78,80,84

The diagnostic work-up should include a platelet count
and coagulation profile (activated partial thromboplastin
time and prothrombin time) if the etiology of the hemor-
rhage is not obvious.81 Bone marrow evaluation is rarely
indicated, unless inadequate regenerative response to blood
loss anemia is suspected. Erythroid hyperplasia and
decreased M:E ratio usually become apparent within the first
3 to 5 days after hemorrhage.78,82 The increase in red cell
production reflects the severity of the anemia. However, con-
comitant iron deficiency, chronic renal disease, inflam-
mation, bone marrow disorders, or blood transfusions may
decrease the erythrocyte response.78

Diagnostic confirmation Ongoing blood loss or signs of
recent hemorrhage are usually evident on physical examina-
tion. However, hematologic examination, abdominal ultra-
sonography, abdominocentesis, and thoracocentesis may be
required to detect internal bleeding.
Therapeutic aims Initial treatment is aimed at controlling
the hemorrhage and reversing the hypovolemic shock rather
than increasing the hemoglobin concentration in the
blood.1,78,84 If blood pressure, circulatory volume, and tissue
perfusion are adequate, tissue oxygenation will be main-
tained even in severely anemic horses.52,84

Therapy External hemorrhage can usually be controlled
by external pressure or surgical ligation of large vessels.
Control of internal hemorrhage can often not be achieved
effectively and surgical intervention is rarely practical.82,84

The circulatory volume can be restored by rapid admin-
istration of crystalloid solutions, hypertonic saline, colloid
solutions, or equine plasma (Table. 44.6).79,81,84 Hypertonic
saline85–87 and colloid solutions88–92 allow resuscitation with
smaller volumes of fluids. A plasma protein concentration of
less than 4.0 g/dL indicates the need for colloid solutions or
equine plasma. The latter not only contains albumin as
oncotic active component but, if fresh frozen plasma is used,
also provides coagulation factors.81

Excessive volume replacement in the setting of uncon-
trolled hemorrhage may exacerbate the bleeding tendency
and increase blood loss, due to the increased blood pressure
and cardiac output.81,83 The practice of restrictive volume
replacement is referred to as hypotensive resuscitation.93,94

Reduction of stress, placement in a quiet environment, and
moderate fluid therapy are essential points of treatment 
of uncontrolled bleeding. Sedation with acepromazine
(0.02–0.055 mg/kg i.v. or i.m.) leads to peripheral 
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vasodilation and drop in blood pressure, which potentially
reduces severity of hemorrhage and permits clot formation.
However, acepromazine can exacerbate shock and cause acute
collapse. Flunixin meglumine (0.5 to 1.0 mg/kg i.v.) and
butorphanol tartrate (0.02 to 0.04 mg/kg i.v.) may be used to
control pain, especially in cases with internal hemorrhage.

Several pharmacologic agents are occasionally recom-
mended to treat acute hemorrhage, although clinical efficacy
has not been proven in horses. The antifibrinolytic agents
aminocaproic acid and tranexamic acid have been used in
horses with the intention to stabilize fibrin clots and stop further
hemorrhage (Table 44.7).80,81,84 Intravenous administration of
10% buffered formalin may help to control bleeding,81,95,96

although no effect on hemostatic variables can be detected in
healthy horses.97 Adverse effects at the recommended doses are
rare. The mechanism of action remains unknown.97 Naloxone
hydrochloride, an opiate antagonist with dopaminergic activity

may reverse the effects of endogenous opioids on cardiovascular
dynamics and attenuate cardiovascular responses associated
with acute hemorrhage,81,84 but can potentially result in
increased pain perception.80

Following volume replacement and stabilization, the
patient should be reassessed for the necessity of whole blood
transfusion. The decision for transfusion should be based on
clinical and clinicopathologic assessment. Transfusion is
indicated if:

● the hematocrit rapidly falls below 15% and continues to
decrease

● the hematocrit is below 10%
● there is uncontrolled bleeding
● the quantitated blood loss is more than 30% of the total

blood volume
● the tissue oxygen demand increases due to fever or

agitation
● gastrointestinal signs (colic, diarrhea) indicate possible

intestinal ischemia or hypoxia
● cardiac arrhythmia and increased cardiac troponin I

serum concentrations indicate myocardial hypoxia
● tachycardia, tachypnea, depression and weakness

persist after initial restoration of the circulatory
volume.82,84,100,101

The use of blood gas measurements and oxygen extraction
ratios (O2ER) as transfusion triggers has not been well estab-
lished in horses. However, a low venous oxygen partial pres-
sure (PO2 < 25 mmHg) with normal pulmonary function, the
presence of metabolic acidosis, and increased blood lactate
concentrations indicate inadequate tissue oxygenation and
the need for blood transfusion.1,4,52 If available, cross-match
testing should precede transfusion. Alternatively, blood can
be transfused without cross-matching if the donor (prefer-
ably a gelding or stallion) and the recipient have not received
prior transfusions.81,82,100,101 Adult horses can safely donate
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Treatment Dosage recommendations Comments

Isotonic crystalloid solutions 3 times estimated volume of Shock dose
blood loss at a rate of 
40–80 mL/kg/h

Hypertonic saline (7.2%) 4–6 mL/kg over 10–15 min Followed by 40 mL/kg of an
isotonic solution within 2 h

Hetastarch 6% 10 mL/kg Colloid solution
Equine fresh-frozen plasma 12–16 mL/kg Estimate: 7 L plasma (70 g/L) raises 

plasma protein concentration by 
10 g/L in a 500-kg horse

Polymerized ultrapurified 10–30 mL/kg at a rate of Estimated half-life 40 h
bovine hemoglobin 10 mL/kg per h Shelf life 2 years (room 
(Oxyglobin®) temperature)

Whole blood 12–16 mL/kg or 20–40% of May need to repeat due to
estimated blood loss at a rate destruction of transfused red
of 20 mL/kg per h blood cells
(initial rate: 0.1 mL/kg for 10 min, Estimate: 1 L blood (PCV 40%) raises
monitor for adverse reactions) PCV by 1% in a 500-kg horse

Table 44.6 Therapies for intravenous volume restoration and increase of oxygen-carrying capacity of
the blood81,82,84,85,98,99

Treatment Dosage Comments
recommendations

Aminocaproic 20–80 mg/kg i.v., Antifibrinolytic 
acid diluted in 1 L 0.9% agents

saline, over 30–60 min Can be redosed as
Tranexamic acid 2 mg/kg i.v. needed

Contraindications:
thromboembolic 
disease, DIC

Naloxone 0.01–0.02 mg/kg i.v. Opiate antagonist
hydrochloride

10% buffered 0.02–0.08 mL/kg i.v.,
formalin diluted in 1L 

0.9% saline
DIC, disseminated intravascular coagulation.

Table 44.7 Commonly used dosages for anecdotal treatment of
acute hemorrhage in horses80,81,84,95,96



10 to 16 mL/kg (5 to 8 L for a 500-kg horse) whole blood
without fluid replacement, and up to 25 mL/kg (12.5 L for a
500-kg horse) whole blood when the withdrawn volume is
replaced with isotonic solutions. Potential adverse effects of
administration of whole blood are transfusion reactions, and
suppression of the normal bone marrow response to
anemia.100 Blood transfusions are only temporarily effective,
and further transfusions may be required, when the trans-
fused erythrocytes are degraded or removed from the
circulation.81,82,100,101

The transfusion of polymerized ultrapurified bovine hemo-
globin (PUBH, Oxyglobin®, Biopure Corporation, Cambridge,
MA, USA) can be a valuable, but very expensive, alternative
to whole-blood transfusion when compatible whole blood or
packed red cells are not available. It increases the oxygen-
carrying capacity of the blood, exerts a profound oncotic
effect resulting in volume expansion, and causes peripheral
vasoconstriction.10,11,102 The use of PUBH in hemorrhagic
shock or as a low-volume resuscitation fluid is currently
being investigated in a variety of species but its safety and
efficacy in horses has not been completely established and its
optimal use is undefined. Treatment with PUBH has been
reported in a miniature horse with intra-abdominal hemor-
rhage98 and in ponies with experimentally induced normo-
volemic anemia.99

Prognosis Generally, the prognosis for anemias caused by
acute hemorrhage is good, provided that the hemorrhage can
be controlled and appropriate treatment is initiated.78 The
erythrocyte variables usually return to prehemorrhage levels
within 8 to 14 weeks after acute hemorrhage.24,78 The prog-
nosis for internal, uncontrolled bleeding is usually guarded.80

Etiology and pathophysiology Acute blood loss anemia
occurs with severe hemorrhage due to trauma or surgery.
Infectious, neoplastic, or parasitic lesions can cause erosion
of vessel walls. Severe epistaxis can occur due to trauma or
guttural pouch mycosis, and less commonly as a result of pul-
monary hemorrhage or nasal neoplasia.82,84 Occasionally,
internal hemorrhage can occur into the abdominal or tho-
racic cavity. It is caused by trauma, vascular abnormalities,
neoplasia, abscesses, amyloidosis, parasite damage, or post-
operative complications, and originates from large vessels,
liver, spleen, kidneys, intestine, reproductive tract, or lungs.
However, the underlying cause is often not found.79–81,83,84

Rarely, coagulation disorders (warfarin intoxication, throm-
bocytopenia, disseminated intravascular coagulation, hemo-
philia) lead to significant acute hemorrhage.84

While the decreased oxygen-carrying capacity of the
blood and the increased cardiac output are the main patho-
physiologic effects in other types of anemia (see above),
decreased circulatory blood volume, hypotension, decreased
cardiac output, and hypovolemic shock are the primary
sequelae in severe hemorrhagic anemia.1,78,84 The total blood
volume equals approximately 8% of bodyweight (40 L in a
500-kg horse). A small amount of acute blood loss is well
tolerated, while a loss of larger volume may lead to overt clin-
ical signs. Acute blood loss of more than 30% of total blood
volume (13 L) results in hypovolemic shock, whereas loss of
50% or more (20 L) leads to death if untreated.78,84

Chronic blood loss

● Chronic blood loss is uncommon in horses.
● Diagnosis is made by identification of the source of bleed-

ing and exclusion of other causes of anemia.
● Differential diagnoses of chronic blood loss anemia are

anemia of inflammatory disease, iron-deficiency anemia,
and low-grade hemolysis.

Recognition of disease Pale mucous membranes and clini-
cal signs associated with the underlying disease may be
noted. Physiologic adaptation to the gradually developing
anemia usually masks overt signs of anemia until the
hematocrit is less than 15%. The anemia is typically regener-
ative, unless chronic blood loss results in iron deficiency and
depletion of the iron stores (see below). Plasma protein con-
centration is usually normal, although in some cases
hypoproteinemia (e.g. intestinal blood and protein loss) or
hyperproteinemia (hyperglobulinemia, chronic immunologic
stimulation) can be present.
Diagnostic confirmation Diagnosis is based on characteri-
zation of the anemia, identification of a source of chronic
blood loss, and exclusion of other causes for anemia.
Diagnostic procedures may include complete blood count,
bone marrow aspirate, coagulation profile, gastroscopy, fecal
occult blood test, fecal parasite egg count, abdominocentesis,
endoscopy of upper and lower airways, bronchoalveolar
lavage, urinalysis and Coggins test for equine infectious
anemia. Differential diagnoses for anemia of chronic blood
loss are anemia of inflammatory disease, iron-deficiency
anemia, and low-grade hemolysis.
Treatment and prognosis Treatment of the underlying
cause is the cornerstone in management of chronic blood
loss. Treatment of the anemia is rarely indicated, although
horses with secondary iron-deficiency anemia may benefit
from oral supplementation with ferrous sulfate. The progno-
sis depends on the underlying disease.
Etiology and pathophysiology Chronic blood loss may
result from bleeding gastrointestinal ulcers, parasites, gastro-
intestinal neoplasia, exercise-induced pulmonary hemor-
rhage, ethmoid hematoma, guttural pouch mycosis, or
urogenital hemorrhage. Coagulopathies should always 
be considered.82,84,103 Chronic blood loss can lead to iron
depletion and iron-deficiency anemia.

Red cell destruction (hemolytic anemia)

Equine infectious anemia (EIA)
● Equine infectious anemia is a viral disease characterized

by development of persistent subclinical infections with
possible recrudescence of disease. Chronic carriers remain
infectious.

● Transmission occurs most commonly via insect vectors.
● Anemia occurs due to immune-mediated intravascular 

and extravascular hemolysis and bone marrow suppression.
● Depression, peripheral edema, weight loss, and recurrent

episodes of fever are typical clinical signs of EIA.
Laboratory abnormalities include anemia and thrombo-
cytopenia.
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● The diagnosis is based on serologic testing with agar gel
immunodiffusion (Coggins’) or ELISA tests.

● EIA is a reportable disease. Prevention and regulatory
measures are important for control of the disease.

● No effective treatment is available.

The equine infectious anemia virus (EIAV) is a retrovirus of
the Lentivirinae subfamily, closely related to caprine arthritis –
encephalitis virus of goats, Maedi/Visna virus of sheep, and
the human and feline immunodeficiency viruses.104 Develop-
ment of persistent infections is characteristic of lentiviruses.
Infected animals remain life-long carriers and a potential
source of infection for other animals. Performance of chron-
ically infected horses is impaired, despite lack of clinical signs
of disease.105 Equine infectious anemia occurs in all parts of
the world and has important implications on horse trading as
well as national and international equestrian sports. Equine
infectious anemia is a reportable disease (World Organization
for Animal Health (OIE) List B of infectious diseases).106

History and presenting complaint The clinical signs of EIA
depend on the virulence of the virus, the infectious dose, host
resistance factors, and environmental stressors.104,107 Horses
with acute EIA are usually presented for depression, anorexia,
and fever. Less virulent strains may lead to less severe clinical
signs, and infection may remain undetected. The subacute to
chronic stage is characterized by recurrent episodes of fever,
depression, peripheral edema, and weight loss. Most EIAV-
infected horses, however, do not show clinical signs of disease.
Periodic exacerbation of clinical disease may be associated
with environmental stressors, transportation, strenuous exer-
cise, concomitant diseases, or corticosteroid therapy.
Physical examination The acute form is characterized by
high fever, depression, petechial hemorrhages, pale or icteric
mucous membranes, and occasionally death within days.
Horses with subacute to chronic EIA show additional signs of
lymphadenopathy, edema, and weight loss. Recurrent fever is
typical. Neurologic signs have been reported.104,108

Laboratory examination Thrombocytopenia and marked
anemia are seen during active febrile episodes. The Coombs’
test may be positive during these periods. Increase in serum
bilirubin is present if significant hemolysis occurs. Leuko-
penia or leukocytosis with lymphocytosis and monocytosis
may be present. Platelet counts usually rebound following
resolution of the acute viremic phase. Chronic carriers show
low normal erythrocyte parameters or occasionally mild to
moderate anemia. Persistent non-specific hypergammaglob-
ulinemia may indicate low-grade chronic infection.104,107,108

Serologic testing for EIA should be performed in all horses
with anemia if the etiology is not obvious or if concurrent
clinical signs, such as intermittent fever, edema, petechiation,
and weight loss, indicate possible EIA infection. Horses
usually seroconvert within 14 to 45 days after infection.109

The most widely accepted diagnostic test is the Coggins’ test,
an agar gel immunodiffusion procedure that is sensitive and
specific for antibodies against the EIA p26 core protein anti-
gens.104,107,110 Two highly sensitive enzyme-linked immuno-
sorbent assays are available which test for antibodies against
p26 core proteins (competitive ELISA) or gp 45 trans-

membrane glycoproteins (synthetic antigen ELISA).104,107,110

Both tests are rapid and highly specific for EIA infection, even
in chronic carriers. However, confirmation of positive ELISA
results by Coggins’ test and Western blot may be required due
to possible false-positive results of the ELISA tests.104,107,110

During febrile periods, serum iron decreases, whereas the
total iron-binding capacity does not change significantly.111

Bone marrow evaluation reveals a normal M:E ratio despite
anemia, indicating hyporesponsive bone marrow. The
content of stainable iron in the reticuloendothelial cells of
the bone marrow (and other organs like the liver) is
increased.104,111

Necropsy examination Necropsy findings vary with the
stage of the disease process. During active disease, spleno-
megaly, hepatomegaly, lymphadenopathy, hemorrhages, and
edema are common findings. Histopathologic findings include
lymphoid necrosis and perivascular lymphocytic infiltrates of
most organs and widespread hemosiderosis, especially in the
liver. Glomerulonephritis may be present.104,107

Diagnostic confirmation The diagnosis of EIA is based on
a positive Coggins’ test or EIA ELISA. Virus isolation is usually
not necessary.110 Differential diagnoses include equine viral
arteritis, equine ehrlichiosis, purpura hemorrhagica, and
other causes of immune–hemolytic anemia. For chronic forms,
other causes for chronic weight loss should be considered.
Therapeutic aims No effective treatment is available to
eliminate the infection.
Therapy Clinical recovery can be achieved with rest and
supportive treatment.
Prognosis The prognosis is unfavorable. Most horses spon-
taneously recover from the initial viremic episode but latent
infection persists and recrudescence of clinical signs is
common. Most horses become inapparent carriers with time
and a few progress to a debilitating form of the disease.104

Etiology and pathophysiology Equine infectious anemia
virus is a non-oncogenic retrovirus that infects and replicates
primarily in tissue macrophages and integrates into the host
genome.104,112,113 Transmission of the disease requires a
vector allowing blood transfer from an infected to a suscepti-
ble horse. Interrupted feeding of large hematophagous
insects (Tabanidae; horseflies, deerflies, stable flies) is the prin-
cipal mechanism of disease transmission.108,114 Iatrogenic
transmission via blood transfusion, blood-contaminated
instruments, or needles is possible. Transplacental passage,
infection of nursing foals through the colostrum or milk, and
venereal transmission by asymptomatic stallions can
occur.104,107,115 The incubation period is 1 to 3 weeks, but can
be as long as 3 months.104,110

Infection causes a strong cellular and humoral immune
response, which cannot clear the virus completely from the
body but finally leads to a remission of clinical signs and
latent infection. Recurrence of the disease is associated with
recrudescence of viremia due to production of antigeneti-
cally novel virus strains that temporarily escape the host’s
immune system.104,107 Treatment with corticosteroids or
environmental stress can also elicit viremic and symptomatic
episodes. Infection of a naive host leads to acute EIA. The
severity of clinical signs then decreases with each viremic
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episode and the host mounts an immune response against all
common variants of EIAV, leading to the chronic subclinical
carrier stage.104 Viral titers in infected animals vary depend-
ing on the stage of the disease, being highest during febrile
periods. However, chronic infected subclinical carriers may
remain viremic and can be a source of infection of other
animals.104,115

The manifestations of the disease are associated with the
host’s immune response rather than being the result of direct
viral replication.104 Thrombocytopenia is one of the earliest
and most consistent hematologic abnormalities. Anemia is
primarily caused by complement-mediated intravascular and
extravascular hemolysis secondary to virus–antibody com-
plex attachment to erythrocytes.104,108 Furthermore, direct
bone marrow suppression and sequestration of iron in the
reticuloendothelial system occurs,111 presumably as a direct
viral effect116 and as a response to inflammation as com-
monly seen in anemia of inflammatory disease (see below).

Immune-complex-mediated glomerulonephritis is com-
mon in EIAV-infected horses, but clinical proteinuria is
uncommon.104

Epidemiology Equine infectious anemia occurs worldwide
with variable prevalence. The potential of chronic inapparent
carriers to serve as a source of infectious virus is of epidemi-
ologic importance and emphasizes the need for rigorous
disease control measures.
Prevention Equine infectious anemia is a reportable
disease. Coggins’ test or ELISA are obligatory for many health
certificates required for traveling and participation in eques-
trian sports events. Testing of horses at prepurchase exams or
before introduction into a new population of horses is
recommended. Tests should be performed after a quarantine
of 60 days duration after potential exposure to EIAV. Control
measures are usually aimed at elimination of inapparent car-
riers, although the regulations for Coggin’s-positive horses
may vary. In certain circumstances keeping affected horses in
isolation is permitted. Separation from other horses by 200 m
is effective in preventing transmission of the disease because
the vectors are unlikely to fly a long distance before complet-
ing an interrupted meal. Insect control and strict prevention
of iatrogenic transmission is required.104,107,109,114

Equine piroplasmosis (babesiosis, theileriosis)

● Equine piroplasmosis is a tick-borne protozoal disease
characterized by hemolytic anemia, fever, peripheral
edema, and weight loss.

● Development of immunity leads to a chronic carrier state,
characterized by chronic anemia and poor performance.

● Theileria equi is considered more pathogenic than Babesia
caballi.

● The diagnosis is based on direct detection of intraerythro-
cytic parasites or indirect serologic tests (complement
fixation test or indirect fluorescent antibody test).

● Treatment is aimed towards resolution of the clinical
signs. Infections with T. equi are difficult to eliminate with
the currently available drugs.

● The worldwide distribution of the disease is related to the
presence of the tick vectors.

● Equine piroplasmosis is a reportable disease. Regulatory
measures are important for international equestrian
sports and horse trading.

Piroplasmosis is a tick-borne disease of horses, caused by the
intraerythrocytic protozoa B. caballi and T. equi (formerly B.
equi). The disease has important implications in the interna-
tional equestrian sports and trade of horses.117–119 Potential
tick vectors are present in many disease-free countries and
would allow the disease to become endemic once introduced
into the native horse population by carrier animals. Equine
piroplasmosis is therefore classified as an OIE List B disease.106

Import regulations of various countries restrict entering of
horses with antibodies against B. caballi or T. equi.
History and presenting complaint Piroplasmosis can
occur in acute, subacute, and chronic forms.120 Clinical cases
are more frequently caused by T. equi; B. caballi seems to be
less pathogenic.117,120 Acute forms usually present with
depression, anorexia, fever, and peripheral edema. Subacute
cases show similar signs, accompanied by weight loss, and
occasionally colic and diarrhea. The fever can be intermit-
tent. In chronic cases, unspecific clinical signs including poor
performance, mild inappetence, and weight loss are the major
complaints. A detailed traveling history should be obtained
for horses with suspicious clinical signs, which are not living
in endemic areas. Excessive tick infestation may be reported.
Physical examination The clinical signs are often non-
specific.117,120 Acute piroplasmosis is characterized by high
fever, tachycardia, tachypnea, congestion of mucous mem-
branes, peripheral edema, swelling of the eyelids, icterus, and
hemoglobinuria. Subacute disease presents with similar
signs. The mucous membranes appear from pale pink to pale
yellow or bright yellow. Occasionally, petechiae and ecchy-
moses are found. Physical examination in chronic cases does
often not reveal significant abnormalities. Untreated cases
become severely anemic and weak. Infection with B. caballi is
often not clinically apparent, or causes unspecific clinical
signs of chronic inappetence, poor performance, weight loss,
and persistent anemia.117,120 Acute renal failure, colic,
enteritis, pneumonia, loss of fertility, and abortion are
reported complications of equine piroplasmosis. Occurrence
of central nervous signs has also been reported.117

Special examination Splenomegaly is usually detected on
rectal examination and ultrasonographic evaluation of the
abdomen.120

Laboratory examination The laboratory findings are gen-
erally similar to those found in immune-hemolytic anemia,
often associated with thrombocytopenia.121 Neutropenia and
lymphopenia are common in acute infections. Varying
degrees of hemoglobinuria are observed.117

Direct detection of the parasites during the acute phase of
the infection can be achieved by examination of Giemsa-
stained blood smears.117,119,122 The presence of large, paired
intraerythrocytic merozoites forming an acute angle is
indicative for B. caballi (Fig. 44.5A). T. equi is typically char-
acterized by four small merozoites arranged in a tetrad
(‘Maltese cross’; Fig. 44.5 B).121 In carrier animals and in
most cases of B. caballi infection, parasitemia is very low and
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A

B

Fig. 44.5
Blood smears of
horses with
piroplasmosis.
(A) Babesia caballi
is characterized 
by paired
intraerythrocytic
merozoites
(arrows).
(B) Theileria equi is
characterized by
four smaller
merozoites
forming a ‘Maltese
cross’ (arrows).
(Courtesy of 
Dr Heinz Sager,
Institute of
Parasitology,
University of
Berne,
Switzerland.)



detection on routine blood smears is usually not possible.120 A
quantitative buffy coat analysis technique using micro-
hematocrit tubes and acridine orange staining (QBC® Malaria) is
a simple, rapid, and more sensitive method for detection of blood
parasites in all mammal species, but is not specific for piroplas-
mosis.122,123 The use of polymerase chain reaction (PCR)124–126

and in vitro culture125 have been described for diagnosis of piro-
plasmosis in horses and, if available, may be useful for detection
of carrier animals.122

Indirect tests are used for diagnosis of latent or chronic
infections. Antibody titers become detectable between 2 and
20 days after infection, depending on the type of assay used.
Several serologic tests are available for diagnosis of piro-
plasmosis in horses.119,120,122 The complement fixation test
(CFT) is frequently used for qualifying horses for inter-
national import/export. However, the CFT has technical
drawbacks, is characterized by low sensitivity and specificity,
and is not able to detect latent infections.119,122,127–129

Indirect fluorescent antibody test (IFAT) has proven more
sensitive and specific and can be used to distinguish between
B. caballi and T. equi infections. Antibody titers remain posi-
tive during the latent phase of infection.119,122,127–129

Western blot and ELISA techniques are considered very sen-
sitive and specific for detection of carrier horses.119,122,127

Competitive ELISA assays using monoclonal antibodies may
be used in the future as screening tests for equine piro-
plasmosis and may replace CFT and IFAT assays.
Necropsy examination Gross pathological findings include
generalized pallor or icterus, subcutaneous and subserosal
edema, emaciation, hepato- and splenomegaly, enlarged kid-
neys, ascites, hydrothorax, pericardial effusion, pulmonary
edema, and lymphadenopathy. Histopathological examination
reveals pulmonary edema, liver necrosis, renal tubular degener-
ation, tubular protein and hemoglobin casts, proliferation of
reticuloendothelial cells in liver, kidneys, lungs, and lymph
nodes.117

Diagnostic confirmation The detection of intraerythro-
cytic parasites or positive direct or indirect tests in an animal
with clinical signs of piroplasmosis is diagnostic.
Therapeutic aims The first goal of treatment is resolution
of the clinical signs. The second goal is elimination of the par-
asites from affected horses. T. equi is less susceptible to treat-
ment than B. caballi. Clinical recovery is usually achieved but
infections with T. equi are difficult to eliminate with the cur-
rently available drugs. Horses recovered from clinical disease
usually remain carriers, probably for life.118–120 Elimination
of B. caballi infections is rarely recommended in endemic
areas.120

Therapy Imidocarb is the drug of choice for treatment of
piroplasmosis. For B. caballi, two doses of 2.2 mg/kg i.m. at
24-h intervals are recommended; T. equi may be treated with
four doses of 4 mg/kg i.m. at 72-h intervals.117,120,130 This
dose, however, is near toxic levels and may be detrimental to
the animal itself. The drug should only be administered intra-
muscularly. Cholinergic adverse effects can be treated with
atropine sulfate. Combined treatment with buparvaquone
(4 mg/kg i.v.) and imidocarb (4 mg/kg i.m.) has been sug-
gested for elimination of T. equi.131,132

Administration of polyionic electrolyte solutions is indi-
cated to prevent or treat acute renal failure due to pigmen-
turia. Colic, enteritis, and pneumonia should be treated as
necessary. Blood transfusions are indicated if signs of tissue
hypoxia are present (see the section ‘Acute blood loss’).
Prognosis Early treatment is effective even without com-
pletely eliminating the etiologic agent. Chronic carriers are
resistant to new infections.
Etiology and pathophysiology During the life cycle of B.
caballi and T. equi ticks (Dermacentor, Hyalomma, and
Rhipicephalus spp.) serve as vectors for transmission of the
disease between host animals;120,133 the incubation period
varies from 5 to 30 days.117,120,131 Erythrocyte destruction is
related to the reproduction of merozoites in the erythrocytes,133

and is primarily caused by intravascular hemolysis, mediated by
antibodies against epitopes of the infectious agent, complexes of
erythrocyte membrane and microbial proteins, and exposed
erythrocyte membrane epitopes.121 All mammalian hosts are
able to develop immunity to the parasites after infection.133 Dev-
elopment of an immunity without expression of clinical signs is
common in endemic areas.117,133 Acute infections are followed
by a chronic carrier state that leads to persistent anemia and
can result in decreased performance in race horses.133

Epidemiology Piroplasmosis occurs most commonly in
subtropic and tropic regions in South and Central America,
Africa, Asia, the Middle East, and Eastern and Southern
Europe. It is, however, not strictly confined to these areas. The
United States, Canada, Australia, Japan, Germany, England,
and Ireland are considered non-endemic areas, although
epidemic foci and introduction of the disease by imported
horses have been reported.119,120 The worldwide distribution
is related to the presence of tick vectors.117,120

The infectious reservoir for B. caballi is the tick vectors. 
The parasites are transmitted transovarially (vertically) and
trans-stadially (horizontally) within the tick population; 
T. equi is only transmitted trans-stadially (horizontally) and
the reservoir is therefore considered to be the horse popu-
lation. Unlike horses infected with B. caballi, those infected
with T. equi are likely to remain lifelong carriers, even after
treatment and resolution of the clinical signs.117,118

Prevention Tick control by regular application of an acari-
cide is the cornerstone for prevention of equine piroplasmo-
sis. Currently, vaccines for equine piroplasmosis are not
available.

Immune-mediated hemolytic anemia

● True autoimmune hemolytic anemia is uncommon in
horses. Secondary IMHA has been reported secondary to
infections, administration of certain drugs, and neoplasia,
or in association with other immunologic diseases.

● Immune-mediated erythrocyte destruction leads to
intravascular or extravascular hemolysis.

● The primary disease often predominates the clinical
picture.

● Typical laboratory findings are autoagglutination of the
blood and the presence of spherocytes. Coombs’ test and
direct immunofluorescence flow cytometry tests can
confirm the diagnosis.
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● Therapy consists of elimination of the primary cause,
administration of corticosteroids, and supportive treat-
ment.

● The prognosis depends on the underlying disease.

History and presenting complaint Lethargy, depression,
weight loss, anorexia, and tachypnea are frequent presenting
complaints. A history of recent drug administration or
infectious disease may be obtained.
Physical examination Hemolysis can be acute and severe
or chronic and insidious.108 Clinical signs depend on the
severity of the anemia, the rate of erythrocyte destruction,
and the underlying disease process. Often, the clinical signs of
the primary disease predominate the clinical picture.
Lethargy, depression, pyrexia, tachycardia, tachypnea,
icterus, and hemoglobinuria are found. Pallor of the mucous
membranes can occur but is not a consistent finding.103,108

Special examination Ultrasonographic examination of
abscesses and local swellings (myositis, cellulitis) can be
useful to detect clostridial infections (gas and fluid accumula-
tion). Rectal examination, and ultrasonographic examina-
tion of abdominal and thoracic cavity should be performed to
detect possible neoplasia. Splenomegaly is occasionally
found, and is likely caused by splenic hypertrophy or an
underlying disease (neoplasia).
Laboratory examination Complete blood count and bone
marrow analysis reveal signs for regenerative anemia within
days after onset of hemolysis.30 Serial measurements of hemat-
ocrit are helpful to detect ongoing hemolysis or regenerative
response. Occasionally, the immune reaction also affects 
red blood cell precursors in the bone marrow, leading to non-
regenerative anemia.29,30 The presence of spherocytes is highly
suggestive for immune-mediated hemolytic anemia.29 Auto-
agglutination of red blood cells (Fig. 44.6) is a consistent finding
in immune-mediated hemolytic anemia and should be distin-
guished from normal rouleaux formation (see above).21,29,30

Moderate neutrophilic leukocytosis is a common feature134 and,
occasionally, immune- mediated hemolytic anemia is associated
with thrombocytopenia.21,135,136 Red discoloration of the plas-
ma after centrifugation indicates hemoglobinemia. The plasma
protein concentration is typically normal. Hyperbilirubinemia
may be present.103

The direct antiglobulin test (Coombs’ test) using multi-
valent, species-specific reagent detects IgM (cold agglutinin)
and IgG (warm agglutinin) anti-erythrocyte antibodies as
well as complement protein C3 on the erythrocyte surface.30

Although the specificity of the Coombs’ test is very high, its
sensitivity is low and a negative test does not rule out immune
hemolytic anemia.29 Previous corticosteroid treatment may
lead to false-negative test results.134 Direct immuno-
fluorescence flow cytometry has recently been described for
diagnosis of immune-mediated hemolytic anemia in
horses.137,138 This method allows the detection, differentiation,
and quantification of cell-bound IgG-, IgM-, and IgA-
antibodies. The sensitivity of the test is thought to be very high,
whereas its specificity is somewhat lower than in the Coombs’
test, occasionally leading to false-positive results. However, test
characteristics have not yet been determined in horses.

Agar gel immunodiffusion for EIA (Coggins’) should be
submitted in all cases of hemolytic anemia. If the horse is
living in or was imported from an area in which piroplasmo-
sis is endemic, blood smears should be evaluated for presence
of intraerythrocytic parasites, and appropriate further diag-
nostic should be performed. Determination of anti-penicillin
IgG antibodies may be performed when penicillin-associated
hemolytic anemia is suspected.139–141 Clostridial infection
(myositis or cellulitis) can be diagnosed by fine-needle aspi-
rate, cytologic examination, Gram stains, and bacterial
culture. Cytologic evaluation of abdominal or pleural fluid is
recommended in cases with detectable effusion. Fine-needle
aspiration of mass lesions is indicated to diagnose neoplasia.
Necropsy examination Generalized pallor or icterus is
present on post-mortem examination. Lesions of primary
disease may be found predominantly. Hemosiderosis of liver
and kidneys, bone marrow erythroid hyperplasia, and
extramedullary hematopoiesis are present.46

Diagnostic confirmation Diagnosis of immune-mediated
hemolytic anemia is confirmed by ruling out other causes of
hemolytic anemia, positive Coombs’ test, positive flow cyto-
metry test, and response to treatment with corticosteroids.
Therapeutic aims Treatment of the underlying disease,
suppression of the abnormal immune response, and support-
ive care are the basic prerequisites for successful treatment of
immune-mediated hemolytic anemia. Monitoring and
support of renal function is important. If signs of tissue
hypoxia and ischemia are present, increasing the hemoglobin
concentration in the blood should be attempted.
Therapy The treatment depends on the severity and the
primary cause of the anemia. Previously administered drugs
should be discontinued. If antibiotic treatment is necessary,
the class of the antimicrobial agent should be altered.
Treatment with isotonic crystalloid solutions is crucial to
avoid pigment nephropathy and acute renal failure in cases
with severe hemolysis and hemoglobinuria.
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Fig. 44.6
Autoagglutination of erythrocytes in a horse with 
immune-mediated hemolytic anemia secondary to clostridial
myositis.



Corticosteroids stabilize cell membranes, decrease the anti-
body production, decrease the affinity of the antibodies to the
red blood cells, and decrease the rate of RBC destruction by
macrophages of the reticuloendothelial system.21,29,142 An
initial daily dose of 0.05–0.1 mg/kg of dexamethasone i.m. or
i.v. usually leads to a clinical and hematological response within
5–6 days. Alternatively, prednisolone can be administered orally
at an initial dose of 1–1.5 mg/kg once daily. The dose should
then be gradually reduced and continued for the total duration
of 3 to 6 weeks, depending on the clinical response. Prior to ini-
tiation of corticosteroid treatment, possible infectious causes of
immune hemolytic anemia should be precluded. In these cases,
corticosteroids should be used with caution, as immune sup-
pression can lead to exacerbation of the disease.134

Cytotoxic drugs including cyclophosphamide are recom-
mended for severe therapy-resistant cases.142 There is one
report of treatment of a horse with cyclophosphamide and
azathioprine.46 Other therapies occasionally used in humans
and dogs, including splenectomy, administration of intra-
venous immunoglobulins, and plasmapheresis, have not
been described in horses.29

Clostridial myositis or cellulitis requires surgical debridement
of necrotic tissue, analgesia, fluid therapy, and correction of
electrolyte and acid–base disturbances.143 Although penicillin
is commonly recommended as the antimicrobial agent of
choice, there is evidence that treatment with oxytetracycline
and metronidazole may be more effective in decreasing toxin
production and increasing the overall survival rate. 144,145

If signs of tissue hypoxia and ischemia indicate the need to
support the oxygen-carrying capacity of the blood, the use of
whole-blood transfusions, packed red cells, or polymerized
ultrapurified bovine hemoglobin (PUBH) should be consid-
ered (see the section ‘Acute blood loss’). Transfusion of blood
or erythrocyte concentrates may have limited benefits, as
transfused cells are rapidly removed from the circulation and
put additional workload on the reticuloendothelial system.
Compatible donors often are not available, and cross-
matching is usually positive. The absence of cell-surface anti-
gens in PUBH solutions make them a useful agent for the
treatment of severe immune-mediated hemolytic anemia,
although costs are often prohibitive.11,146, 147

Prognosis The response to corticosteroid treatment is usually
good in horses.29 However, recurrence of the anemia after ces-
sation of the treatment is possible, especially when the primary
disease process is still present. The prognosis is best for patients
with penicillin-associated anemia and primary idiopathic
autoimmune hemolytic anemia. The prognosis for patients with
neoplastic disease is usually poor.29,134,148 Repeated monitoring
of the hematologic parameters is recommended for 6 to 12
months after cessation of treatment.
Etiology and pathophysiology Immune-mediated hemo-
lytic anemia is caused by antibodies directed against erythro-
cyte membrane proteins or membrane-bound antigens.
Initiating factors are thought to be alterations of the
erythrocyte membrane, alterations in immune regulation, or
stimulation by other antigens, leading to the production of
cross-reacting antibodies.29,30 Erythrocyte destruction is the
result of complement-mediated intravascular hemolysis or,

more commonly, phagocytosis of antibody-coated erythro-
cytes by the macrophages of the reticuloendothelial system
in liver and spleen (extravascular hemolysis).29,30

Occasionally, autoantibodies are also directed against bone
marrow erythroid precursors, thereby interfering with erythro-
poiesis and leading to acquired pure red cell aplasia.29,30 In
patients in which no demonstrable underlying disease is
present, the anemia is referred to as primary idiopathic autoim-
mune hemolytic anemia.21,148 More commonly, immune-medi-
ated hemolytic anemia occurs in association with other disease
processes (secondary immune-mediated hemolytic anemia). A
variety of causes has been described in association with
immune-mediated hemolytic anemia in horses.

Immune-mediated hemolytic anemia secondary to
clostridial myositis or cellulitis is not uncommon in horses.
Autoagglutination can occur without clinically detectable
hemolysis. Clostridial myositis or cellulitis is most commonly
caused iatrogenically as a result of intramuscular injections of
nonantibiotic drugs (flunixin meglumine, ivermectin, anti-
histamines, B-complex vitamins, prostaglandins, dipyrone,
phenylbutazone).143,149 Although Clostridium perfringens
alpha toxin has a direct hemolytic effect resulting from
massive acute destruction of the red cell membranes,143,149,150

clinical and laboratory findings (delayed onset hemolysis,
autoagglutination) suggest an immune-mediated cause of
the anemia.149 The pathomechanism may be related to bacte-
rial synthesis of neuraminidase and subsequent enzyme-
mediated exposure of a membrane-bound antigen (Thomsen–
Friedenreich cryptantigen).143,151 However, the contribution
of this mechanism to the hemolytic process is unknown.

Immune-mediated hemolytic anemia is a rare complica-
tion after administration of penicillin139–141,152 and possibly
trimethoprim–sulfamethoxazole153 in horses. Presumably
the drugs act as haptens. They bind to erythrocyte membrane
proteins and plasma proteins, and induce production of anti-
penicillin IgG antibodies. Binding of the antibodies to the
erythrocyte-bound penicillin leads predominantly to extra-
vascular hemolysis, and to a lesser extent to complement-
mediated intravascular hemolysis.139,141 In part, the anemia
may also result from pooling of red blood cells in the micro-
circulation or in the spleen, which would explain the rapid
rise in hematocrit seen in some horses after cessation of peni-
cillin treatment and initiation of corticosteroid treatment.140

Lymphosarcoma and other neoplasms are commonly
associated with anemia of chronic disease and blood loss
anemia. Occasionally, immune-mediated hemolytic anemia
(and thrombocytopenia) may be found.21,135,154

Other primary disorders which may be associated with
immune-mediated hemolytic anemia are purpura hemor-
rhagica and systemic lupus erythematosus, inflammatory
bowel disease, and chronic bacterial infections or
abscesses.21,155,156 The etiology and pathogenesis of equine
infectious anemia and piroplasmosis were described above.
Prevention Administration of drugs that are known to cause
immune-mediated hemolytic anemia in an individual horse,
and injection of irritating drugs (flunixin meglumine, iver-
mectin) that could cause clostridial myositis or cellulitis, should
be avoided.
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Heinz body hemolytic anemia

● Heinz body anemia results from toxic effects of maple
leaves, wild onions, phenothiazines, or methylene blue.

● Oxidative damage to erythrocytes leads to hemolytic
anemia characterized by the presence of Heinz bodies and
eccentrocytes on the blood smear.

● Maple leaf toxicity also leads to methemoglobinemia and
brown discoloration of mucous membranes, urine, and
blood.

● Prognosis with rapidly developing severe anemia is poor.
History and presenting complaint Clinical signs vary
depending on type and amount of toxin, time since exposure,
and occurrence of complicating factors like pigment nephro-
sis and acute renal failure. Horses usually present with weak-
ness, depression, anorexia, exercise intolerance, and signs of
hematuria. Colic, ataxia, or acute death may occur.108,157,158

Physical examination Tachycardia, tachypnea and icterus
are common findings. Brown discoloration of the mucous
membranes, blood, and urine indicate methemoglobinuria,
commonly found with maple leaf toxicity (Figs 44.7 and
44.8).108,157

Laboratory examination Moderate to severe anemia, hyper-
bilirubinemia, hemoglobinemia, and hemoglobinuria are
present. Heinz bodies and eccentrocytes can be detected on
blood smears (Fig. 44.9).108,157 Measured blood methemoglobin
concentration is increased in cases with maple leaf toxicity and
can exceed 50% of total cellular hemoglobin concentration
(normal methemoglobin fraction is less than 2% of total hemo-
globin).108 Serum biochemistry and urinalysis should be per-
formed to monitor liver and kidney function. Blood gas
analysis and serum lactate measurements may be used to
assess severity and metabolic consequences of the anemia.
Diagnostic confirmation Clinical diagnosis is established
based on history, clinical signs, specific laboratory findings, neg-
ative Coombs’ test, and exclusion of other causes of anemia.
Treatment and prognosis Treatment consists of removal of
the source of the toxin, administration of activated charcoal
via nasogastric tube to decrease toxin absorption, intra-

venous fluid therapy to support renal function, and adminis-
tration of high doses of vitamin C (30 mg/kg i.v. twice daily)
as an antioxidant agent.157,159,160 Whole-blood transfusion
may be necessary when the hematocrit is less than 12% or if
signs of tissue hypoxia are present (see the section ‘Acute
blood loss’). The use of a polymerized ultrapurified bovine
hemoglobin solution (Oxyglobin®, Biopure Corporation,
Cambridge, MA, USA) has been reported in horses for tran-
sient support of the oxygen-carrying capacity of the blood,
providing a more optimal environment for a subsequent
effective whole blood transfusion.11,146 However, its use in
adult horses is often limited by prohibitive costs.
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Fig. 44.8
(A) Blood sample of the same horse after complete
sedimentation of the erythrocytes (arrows). Severe hemolysis
and methemoglobinemia lead to a dark red-brown
discoloration of the plasma. (B) Dark brown urine is
consistent with hemoglobinuria and methemoglobinuria.

A B

Fig. 44.7
Brown discoloration of mucous membranes (A) and conjunctivae (B) indicate severe methemoglobinemia associated with red maple
leaf toxicity.The methemoglobin fraction in this horse was 44.3% of the total hemoglobin.



The prognosis depends on the amount of the ingested toxin,
occurrence of complicating factors, and the response to treat-
ment. With rapidly progressive severe anemia, the prognosis is
poor. The mortality rate with maple leaf toxicity is 60 to 65%.157

Etiology and pathophysiology Heinz body hemolytic
anemia results from acute oxidative damage to the erythro-
cytes, caused by ingestion of maple leaves (red maple, Acer
rubrum) and potentially, sugar maple (A. saccharum) and
silver maple (A. saccharinum), wild onions (Allium canadense),
or certain drugs including phenothiazines or methylene
blue.108,157,158,161

Oxidative denaturation and aggregation of hemoglobin
results in development of typical Heinz body inclusions,
increased osmotic fragility of the erythrocytes, and enhanced
cell clearance by mononuclear phagocytes, leading to
intravascular and extravascular hemolysis. Maple leaf toxic-
ity is also associated with formation of methemoglobin,
which is incapable of carrying oxygen to the tissue.108,157

Hypoproliferative anemia

Anemia of inflammatory disease (AID)

● Non-regenerative anemia secondary to inflammatory or
chronic disease is the most common type of anemia in
horses.

● It is characterized by moderate anemia associated with
normal or decreased serum iron concentration and total

iron-binding capacity, and normal or increased serum
ferritin and bone marrow iron stores.

● The pathogenesis is multifactorial, including sequestra-
tion of iron, decreased erythrocyte survival, and decreased
bone marrow response to anemia.

● Treatment is directed against the primary disease process.
● The prognosis depends on the underlying problem.

Anemia of inflammatory disease (AID) is a mild to moderate,
non-regenerative anemia associated with inflammatory
disease, chronic infections, traumatic conditions, and neo-
plastic disorders.37 It is also commonly referred to as anemia
of chronic disease, although the syndrome may include
anemias associated with diseases that are not chronic.37,162

Anemia of inflammatory disease is considered the most com-
mon type of anemia in veterinary medicine, but it is usually a
secondary finding of little clinical significance.37

History and presenting complaint The presenting com-
plaints usually result from the primary underlying disease.
Often, a history of poor performance, chronic weight loss, long-
lasting disease processes and infectious conditions may be
obtained.
Physical examination Signs of the primary disorder usually
predominate the clinical picture. Weight loss and fever are often
present. Pale mucous membranes are not consistently found,
due to the mild to moderate character of the anemia.
Laboratory examination Laboratory findings include
slightly to moderately decreased PCV and erythrocyte counts,
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Fig. 44.9
Heinz bodies (A)
and eccentrocytes
(B) in a blood
smear of a horse
with hemolytic
anemia due to red
maple leaf toxicity.



and a low–normal or decreased MCV. Neutrophilic leuko-
cytosis, monocytosis, and increased plasma fibrinogen and
globulin concentrations usually indicate chronic inflam-
mation.163 Serum iron concentration and TIBC are normal or
decreased, whereas serum ferritin and bone marrow stain-
able iron are normal or increased.47,162 Bone marrow evalu-
ation reveals increased stainable iron deposits with a nearly
normal cellular pattern (Fig. 44.10).37

Diagnostic confirmation The presence of chronic inflam-
matory or neoplastic disease associated with mild to moder-
ate non-regenerative anemia is highly suggestive for AID.
Diagnostic confirmation of AID can be achieved by evalua-
tion of the body iron status.37

Therapeutic aims Treatment is directed against the
primary disease process. The anemia is rarely severe enough
to require treatment.
Therapy Supplementation of iron is not useful, as the body
is not iron deficient.
Prognosis The prognosis depends on the primary disease.
The anemia usually resolves within weeks or months after
resolution of the primary disease.
Etiology and pathophysiology The conditions leading to
AID are inflammatory diseases, chronic infections, traumatic
injuries, or neoplastic disorders. The anemia usually develops
slowly to reach a plateau after the first 1 or 2 months of
illness, but initial changes in hematocrit and hemoglobin
concentration may occur after 3 to 10 days. There is no cor-
relation between the duration of the disease and the severity
of the anemia.37

The pathogenesis of AID is multifactorial, including
sequestration of iron into storage forms in liver and bone
marrow, decreased erythrocyte survival, and decreased bone
marrow response to anemia.37,162

Increased sequestration of iron in macrophages and
decreased absorption of iron from the intestinal tract is part of

the acute-phase reaction, mediated by inflammatory mediators
(interleukin-1, tumor necrosis factor �). This is considered to be
part of a non-specific antibacterial immune response, reducing
the availability of iron for bacterial growth. Increased erythro-
cyte destruction may be a major factor in the early stage of AID,
presumably due to alterations in the red cell membrane, binding
of IgG, and activation of the macrophages leading to a more
efficient clearing of senescent and IgG-coated red blood cells
from the circulation. Finally, decreased erythropoiesis results
from blunted erythropoietin release in response to anemia,
diminished bone marrow response to erythropoietin, and
limited availability of iron.

Some chronic diseases and organ dysfunctions (chronic
renal disease, hepatic disease, endocrine disease, and gastro-
intestinal disease) are associated with anemia that differs
from AID in regards to pathophysiologic mechanism and iron
metabolism.162,163 However, no difference exists regarding
treatment and prognosis of this type of anemia.
Iron-deficiency anemia
● Iron-deficiency anemia is rare in adult horses. It usually

occurs secondary to chronic blood loss.
● The primary disease may predominate the clinical picture.
● Iron-deficiency anemia is characterized by microcytic

non-regenerative anemia with low serum iron and serum
ferritin concentrations, low bone marrow iron stores, and
normal or increased iron-binding capacity.

● Treatment consists of elimination of the underlying
disease process and iron supplementation.

● The prognosis depends on the primary cause of iron
deficiency.

● Prevention should focus on potential causes of iron
deficiency rather than daily supplementation of iron.

History and presenting complaint Clinical signs vary
depending on cause and severity of the anemia and the pres-
ence of other concomitant disorders.47 Poor performance,
depression, weakness, and weight loss are common, as are
unspecific features of iron-deficiency anemia.47

Physical examination Physical examination usually
reveals signs of mild to moderate anemia. Pale mucous mem-
branes, diarrhea, hematuria, hematochezia, melena, and
epistaxis may be found in affected horses.47 The primary
disease may predominate the clinical picture.
Special examination Gastroscopy, fecal parasite egg
counts, fecal occult blood test, urinalysis, and broncho-
alveolar lavage may be performed in order to identify the
underlying process leading to chronic blood loss and iron
deficiency.
Laboratory examination Anemia due to chronic blood loss
is initially macrocytic and regenerative. Only after weeks or
months, in very late stages of severe iron depletion, does
microcytic non-regenerative anemia develop.47,48 The RDW
may be increased because of the presence of microcytes
together with normocytic cells. Hypochromasia is rarely
apparent in horses with iron-deficiency anemia.47

Hypoproteinemia is often associated when substantial recent
or ongoing blood loss is present.47

Evaluation of the body iron status typically reveals low
serum iron concentrations and increased TIBC. Serum
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Fig. 44.10
Sternal bone marrow biopsy of a horse with anemia of
inflammatory disease. Using conventional staining, increased
hemosiderin deposits appear as brown aggregates (arrows).
The cellular pattern is normal (hematoxylin–eosin staining).



ferritin concentration correlates directly with body iron stores
and is usually low in iron-deficiency anemia.47,48,53,54 Bone
marrow evaluation is the most sensitive method for detection of
iron deficiency, prior to development of microcytic
anemia.47,48,164 Typically, erythroid hyperplasia and ineffective
erythropoiesis with asynchrony and shift to later rubricytes are
found. Reduced erythropoiesis is apparent at later stages.
Stainable iron in the bone marrow is minimal or absent.
Diagnostic confirmation Primary differential diagnosis in
cases with mild to moderate non-regenerative anemia is
anemia of inflammatory disease. Diagnostic confirmation of
iron-deficiency anemia can be achieved by evaluation of the
body iron status (Table 44.8).
Therapeutic aims Treatment should be directed towards
elimination of the underlying process which causes the
chronic blood loss.
Therapy Besides treatment of the primary disease process,
iron supplementation is recommended. Oral supplementa-
tion of iron compounds is safe and can be achieved by admin-
istration of commercially available hematinics containing
ferrous sulfate, copper, and various B-vitamins.54 Parenteral
iron dextran preparations should not be used due to severe
tissue irritation (thrombophlebitis, myositis), possible related
anaphylaxis, and fatal reactions.47,54

Prognosis The prognosis largely depends on the underlying
disease causing the iron deficiency. Several months may be
required to replenish body iron stores and to normalize
hematocrit and red cell indices.
Etiology and pathophysiology Iron-deficiency anemia is rare
in adult horses.17,47,48,55 It usually occurs secondary to chronic
blood loss due to gastrointestinal ulcers, parasites, neoplasia,
and urinary or pulmonary hemorrhage. Dietary causes are
rare. Unless the anemia is severe, clinical signs of iron deficiency
are more likely the result of the underlying disease and the
impaired function of iron-containing enzymes rather than the
reduction of the oxygen-carrying capacity of the blood.59

Prevention The administration of hematinics (iron and 
B-vitamin-containing compounds) to horses is common
practice, although efficacy of these treatments to enhance
performance has not been proven.48,54,59,165 Current recom-

mendations suggest that the iron requirements vary between
500 and 1200 mg/day for a 500-kg horse, depending on
work intensity.165 Although exact iron requirements for
athletic horses in training are not known, the usual dietary
sources are considered adequate to maintain a sufficient
supply of iron for hemoglobin synthesis and function of iron-
dependent enzymes.53,54,165,166 Prevention should therefore
focus on potentially underlying disease processes rather than
iron supplementation.
Other nutritional deficiency anemias Deficiencies of
copper, folic acid, vitamin B12 (cobalamin), and cobalt can
potentially lead to hypoproliferative anemia in humans and
animals. However, reports on anemias due to nutritional
deficiencies are often based on response to supplementation or
treatment rather than demonstration of deficiency of a defined
nutrient.164 The true incidence of this type of anemias is there-
fore often unknown. Copper, folic acid, and cobalamin are
common ingredients of modern horse feed and hematinic
preparations, which are used empirically in horses.54

Copper Copper, as part of a copper-containing plasma protein
(ceruloplasmin), plays an important role for transmembranous
iron transport and transfer of iron from ferritin (ferrous form) to
transferrin (ferric form). Although not well defined, daily copper
requirements are currently estimated to be 131 to 187 mg/day
for a 500-kg horse.69,165 Copper deficiency can lead to impaired
iron metabolism and accumulation of iron stores with signs of
functional iron  deficiency.47,53 There is evidence of a relation-
ship between developmental orthopedic disease and dietary
copper intake in foals.69,71 However, adult horses are usually not
affected by copper deficiency.
Folic acid, vitamin B12, and cobalt Folic acid and vitamin B12
(cobalamin) belong to the group of water-soluble vitamins 
(B vitamins). Interactive reactions of folic acid and vitamin B12
are involved in DNA synthesis and amino acid metabolism.
These two vitamins are therefore essential for cell division and
proliferation, especially in rapidly dividing cells such as the
hematopoietic cells and the gastrointestinal endothelium.77,167

Requirements for vitamin B12 and folic acid are likely to be
met by microbial synthesis within the large intestine of horses.
Intake of folic acid is further provided by oral dietary
intake.54,71,167–169 Cobalt is essential for vitamin B12 synthesis.

Macrocytic or normocytic normochromic non-regenerative
anemia caused by folate or vitamin B12 deficiency occurs in
humans and ruminants. Although cases of poor performance
and anemia have occasionally been associated with folate
deficiency,75 it seems to occur rarely in horses.18,71,164,167 Horses
also appear to be unaffected by vitamin B12 and cobalt
deficiency.71,168 However, serum folate concentrations in
stabled, intensively training Thoroughbred and Standardbred
horses are generally lower than in pastured horses,73–76 and
additional dietary folic acid may be indicated for some horses in
training.

Administration of sulfadiazine and pyrimethamine to
treat equine protozoal myeloencephalitis requires special
consideration regarding folate metabolism. Both drugs
sequentially limit folate synthesis by inhibition of protozoal
enzymes and competition with para-amino benzoic acid,
which is a precursor of folic acid.77 Mammals are less sensi-
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Iron-deficiency Anemia of 
anemia inflammatory 

disease

Mean corpuscular ⇓ Normal or ⇓
volume (MCV)
Red blood cell Normal or ⇑ Normal
distribution width 
(RDW)
Serum iron ⇓ ⇓ or normal
Serum ferritin ⇓ Normal or ⇑
Total iron-binding Normal or ⇑ ⇓ or normal
capacity
Bone marrow ⇓ or absent Normal or ⇑
stainable iron

Table 44.8 Differentiation between anemia of inflammatory
disease and iron-deficiency anemia37,47,48



tive to these effects but intestinal uptake of folic acid may be
inhibited. A rapid and significant reduction of serum folate
concentrations occurs after administration of sulfadiazine
and pyrimethamine to horses.73

Anemia, leukopenia, glossitis, oral ulcerations, and bone
marrow hypoplasia have been reported in a horse during long-
term treatment with orally administered folic acid, sulfadiazine,
and pyrimethamine.77 Experimental evidence from other
species suggests that concomitant oral administration of folic
acid and pyrimethamine may result in decline, rather than an
increase, in plasma folate concentrations. This paradoxical
effect is likely due to competition of the orally administered
inactive form with endogenous folates for intestinal absorption
and interruption of the enterohepatic circulation of folic
acid.77,170 Monitoring of serum or erythrocyte folate concen-
trations and hemograms may therefore be indicated in horses
treated with sulfadiazine and pyrimethamine. However, against
common recommendations, the use of folic acid as a dietary
supplement with sulfadiazine/pyrimethamine treatment may
be contraindicated.
Pure red cell aplasia secondary to treatment with
recombinant human erythropoietin (rhEPO)
● Recombinant human erythropoietin is sometimes used as

a supposed performance-enhancing agent.
● This form of doping is dangerous and can lead to severe

pure red cell aplasia.
● The proposed underlying pathophysiologic mechanism is

the production of anti-rhEPO antibodies that cross-react
with endogenous erythropoietin and thereby suppress
erythropoiesis.

● Diagnosis is based on exclusion of other causes for
hypoproliferative anemia, bone marrow examination, and
a history of rhEPO administration.

● The prognosis is guarded.
● Administration of rhEPO to horses is not recommended.

Recombinant human erythropoietin (rhEPO) is commonly
used to treat human patients, dogs, and cats with chronic
renal failure or other chronic or neoplastic desease.171,172

Although rhEPO is not routinely used for therapeutic pur-
poses in anemic horses, there seems to be an increasing
tendency to administer rhEPO to equine athletes, as a
performance-enhancing agent, to increase the total red cell
mass and oxygen-carrying capacity of the blood.173,174

However, this form of doping is dangerous. Similar to dogs,
cats, and some people,171,172,175,176 multiple administrations
of rhEPO to horses can cause erythroid hypoplasia and severe
non-regenerative anemia.177,178

History and presenting complaint Affected horses usually
present with a history of poor performance, depression,
anorexia, and weight loss.177 Detailed information about
previous administration of rhEPO is sometimes not readily
available from trainers or owners.
Physical examination Poor body condition, lethargy,
weakness, tachycardia, tachypnea, and pale mucous mem-
branes are found in cases of severe anemia. Cardiac arrhyth-
mia may indicate hypoxic myocardial damage. Earlier in the
course of the disease, the anemia may be less profound and

the clinical signs mild. Due to the slow development, the
chronicity of the anemia, and effective compensating mecha-
nisms (see above), most horses can tolerate even severe anemia.
Laboratory examination Laboratory evaluation usually
reveals profound anemia without any signs of regenerative
response. The severity of the anemia varies between individ-
ual horses and depends on the time since administration of
the drug.178 The PCV decreases continuously and can reach
values as low as 5%. White blood cell counts, leukocyte
differential, and platelet counts are usually within normal
limits. Mild elevations of liver enzyme activities and cardiac
troponin I serum concentrations may occur, most likely due
to tissue hypoxia secondary to severe anemia.178 Measure-
ments of serum urea nitrogen, serum creatinine concentra-
tion, and urinalysis should be performed to rule out primary
kidney disease and chronic renal failure.

Coombs’ test and Coggins’ test are negative. Evaluation 
of the serum iron concentration, percentage saturation of
transferrin, ferritin concentration, and total iron-binding
capacity indicates adequate iron supply and precludes iron-
deficiency anemia.177 Bone marrow evaluation typically reveals
generalized hypocellularity with markedly decreased numbers
or complete absence of erythroid precursors and increased M:E
ratio (Fig. 44.11). The myeloid series appears normal and the
number of megakaryocytes seems adequate. There is no evi-
dence for a myelophthisic process. The findings are consistent
with erythroid hypoplasia or pure red cell aplasia.177,178

Measurements of serum erythropoietin concentrations
are of limited value for the diagnosis of rhEPO-associated
anemia. Clearance of rhEPO from plasma in horses is
rapid,179,180 which precludes the possibility of detection of
rhEPO at the time of onset of clinical signs. Furthermore,
measurements of endogenous serum erythropoietin concen-
trations in affected horses are known to be inconsistent and
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Fig. 44.11
Histologic preparation of a bone marrow biopsy taken from
the sternum of a horse with rhEPO-induced pure red cell
aplasia (PCV 5%).The bone marrow appears hypocellular. Cells
of the granulocytic series (G), megakaryocytes (M), and fat (F),
but no cells of the erythroid series are present.



results vary considerably between different assays, possibly
due to interference by anti-EPO antibodies.178

Clonogenic assays can be performed to determine whether
the serum of affected horses contains substances inhibiting
erythroid development. Positive results suggest presence of
anti-rhEPO antibodies.177 However, currently established
methods for specific detection of anti-rhEPO antibodies in
horses are not routinely available.
Necropsy examination The bone marrow found on
necropsy has a markedly pale appearance, due to the lack of
erythropoiesis (Fig. 44.12). Histopathology shows general-
ized hypocellularity with severe erythroid hypoplasia, normal
myeloid series, and adequate numbers of megakaryocytes.
There is no evidence of myelophthisic disease. Evidence for
hypoxic damage of kidneys, liver, myocardium, and other
organs may be present.
Diagnostic confirmation Exclusion of other causes for non-
regenerative anemia, together with a history of rhEPO adminis-
tration, strongly suggest rhEPO-associated anemia.
Therapeutic aims The initial goal of treatment is to provide
adequate oxygen-carrying capacity to avoid hypoxic organ
damage and sudden death. The second therapeutic aim is
suppression of the immune response against erythropoietin.
Therapy Administration of rhEPO should be discontinued
immediately. Blood transfusions should be performed when
the PCV is below 10% or if signs of severe tissue hypoxia are
present (see the section ‘Acute blood loss’). Experience has
shown that even large volumes of blood transfusions are not
able to increase the PCV significantly and persistently,
although clinical signs may improve.178

Dexamethasone or prednisolone have been used to
attempt to suppress the hypothesized immune response that
is causing the anemia.77,178 The dose should be adjusted
according to clinical response and considering possible

adverse effects. The efficacy of corticosteroid treatment is
unknown. In addition to corticosteroids, treatment with
immunoglobulins, plasmapheresis, cyclophosphamide, and
cyclosporine has been described in humans.172,175

Prognosis Erythropoietin-induced anemia may be reversible
in some cases after cessation of treatment and decline in circu-
lating anti-rhEPO antibodies.77,171,176 However, the overall
prognosis in horses is guarded. Potential recovery may take
several months or years,172,175 and acute death due to chronic
hypoxia and organ failure is possible if the anemia remains
untreated.
Etiology and pathophysiology The anemia is most likely
the result of production of anti-rhEPO antibodies that cross-
react with endogenous erythropoietin and inhibit its effect on
bone marrow erythroid precursors.171,172,175,177,178 Twenty
to thirty percent of cats and dogs treated with rhEPO develop
anti-rhEPO antibodies.171,176 The susceptibility for rhEPO-
induced anemia and the severity of the anemia seems to vary
considerably between individual horses.178

Development of anemia is probably dose independent but
may require repeated exposure to the antigen.177 Equine
erythrocytes have a long half-life and thus the development of
the anemia is slow and clinical signs of anemia may occur with
a delay of 2 to 6 months after administration of the drug and
onset of the adverse reaction.177,178,181 The clinical signs result
directly from a reduced oxygen-carrying capacity of the blood
and related compensatory mechanisms.
Prevention Administration of recombinant human ery-
thropoietin to horses should be strictly avoided.
Other causes of hypoproliferative anemia Other very
rare types of hypoproliferative anemia in horses are anemia
secondary to organ dysfunction, aplastic anemia, myelo-
phthisic disorders, and myelodysplastic syndromes.

Mild to moderate hypoproliferative anemia can occur in asso-
ciation with chronic renal failure, liver disease, gastrointestinal
disease, or chronic endocrine disorders, which suppress
hematopoiesis independent of alterations in iron metabolism
that characterize anemia of inflammatory disease.163

Aplastic anemia is characterized by pancytopenia in
peripheral blood, bone marrow panhypoplasia with fatty
replacement, and the absence of primary disease processes
infiltrating the bone marrow or suppressing hemato-
poiesis.38,182 Clinical signs include hemorrhagic diathesis due
to severe thrombocytopenia, increased susceptibility to infec-
tions due to neutropenia, and non-regenerative anemia.183

The cause usually remains undetermined.184–186 An asso-
ciation with administration of phenylbutazone has been
suspected, but not conclusively proven, in some cases.187

The underlying pathophysiologic mechanism of aplastic
anemia may be immune-mediated in most cases.182,186

Infectious agents, drugs, and toxins may also be responsible
for development of aplastic anemia.38

Myelophthisis is characterized by normo- or hypercellular
bone marrow and replacement of normal hematopoietic cells
by neoplastic cells188 or proliferating fibroblasts (myelo-
fibrosis).189

Myelodysplastic syndromes are a heterogeneous group 
of disorders characterized by peripheral cytopenias and
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Fig. 44.12
Diaphyseal bone marrow of the tibia in a horse with 
rhEPO-induced pure red cell aplasia.The yellow fatty
appearance of the marrow indicates absence of hematopoietic
tissue.Although this would be expected for diaphyseal
marrow in normal horses, there should be a hematopoietic
response given this horse’s severe anemia (PCV 5%).



normocellular or hypercellular bone marrow with abnormal
morphology.182,190 Refractory, severe anemia is usually
accompanied by leukopenia and thrombocytopenia in
variable degrees.

Anemia associated with administration of
heparin

A distinct type of apparent anemia in horses cannot be
categorized in the classical groups of regenerative and non-
regenerative anemias. Anticoagulatory treatment with unfrac-
tioned heparin (sodium or calcium heparin) has been reported
to decrease hematocrit, hemoglobin concentration, and ery-
throcyte concentration by as much as 50%.191–194 This adverse
effect of heparin is unique to horses. It is associated with ery-
throcyte agglutination and is thought to occur secondary to
sequestration of the red cell agglutinates in the microcircula-
tion, potentially leading to impairment of microvascular blood
flow. The effect is reversible and resolves within 3–4 days of dis-
continuation of heparin therapy. Similar adverse effects are not
encountered with use of low-molecular-weight heparin.195,196

Red cell hypervolemia in
Standardbred Trotters

● Occurs predominantly in well-performing Standardbred
Trotters, mainly stallions and geldings, 5–6 years of
age.

● Initially good race horses gradually start to deteriorate in
performance, after a long, often successful, racing 
career.

● Horses diagnosed as having red cell hypervolemia gener-
ally show no specific findings upon clinical examination.

● Diagnosis is based on history of impaired performance and
determination of the total blood and red cell volume.

● Horses with this condition have an increased red cell
volume compared to normovolemic horses of correspond-
ing age and sex.

● Affected horses show decreased resting plasma cortisol
concentrations and a decreased response to exogenous
ACTH, suggesting a chronic stress syndrome.

● During exercise, these horses have higher pulmonary
artery pressure and a higher pulmonary vascular resis-
tance than normovolemic trotters.

● The pulmonary hypertension seen in horses with this con-
dition is speculated to lead to a low-grade pulmonary
edema and epistaxis.

● Red cell hypervolemic horses exhibit a more marked
hypoxemia during exercise compared to normovolemic
horses.

● The treatment is aimed towards eliminating stress fac-
tors in the environment and by changing the training
regime.

Recognition of disease

History and presenting complaint

Red cell hypervolemia, or ‘polycythemia’ is reported to be a
common finding in Standardbred Trotters in Sweden that are
presented with a complaint of impaired performance capac-
ity.14,197,198 The Standardbred population in Sweden consists
mainly of French and American Trotters and a mixture of these
bloodlines. Red cell hypervolemia has been diagnosed in
Standardbred Trotters both with American and French origin.
The condition is mainly found in middle-aged (5–7 years) race
horses, predominantly in stallions or geldings, that have
recently experienced a gradual decline in performance.199 The
decline in performance is reflected in the marked drop in indi-
vidual performance index, in earnings, and finishing status.199

Generally, affected horses have initially been very successful on
the race tracks in comparison to the contemporary average pop-
ulation. To enable the horse to remain competitive, trainers
often train these horses very hard with a lot of high-speed inter-
val training. A common complaint from trainers of affected
horses is that such horses perform well during the major part of
the race but are unable to increase speed during the final
400–500 m of the race. Many of these horses also have a
history of epistaxis in association with intense exer-
cise.198,200,201 Another frequent observation by the trainers of
these horses is a change in behavior of the horse. From previ-
ously having shown no remarkable signs of becoming easily
excited before exercise, these horses gradually show more and
more signs of apparent anxiety in connection with racing or
training, the most common signs described being muscle
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Age Sex n BW CV/BW TBV/BW PV/BW PCV
(years)

2 30 416 ± 38 52.2 ± 6.8 102.1 ± 7.6 49.9 ± 3.1 0.510 ± 0.035
3 45 437 ± 40 66.3 ± 8.6 118.0 ± 10.0 51.7 ± 3.4 0.560 ± 0.032
≥ 4 Fillies 45 429 ± 42 68.5 ± 8.3 119.6 ± 10.4 51.2 ± 4.3 0.571 ± 0.030

Geldings 44 455 ± 39 74.4 ± 6.5 129.4 ± 8.4 55.0 ± 3.3 0.574 ± 0.021
Colts 41 451 ± 46 79.6 ± 7.3 133.4 ± 9.2 53.7 ± 4.2 0.597 ± 0.026

All Horses 205 439 ± 43 69.1 ± 11.3 121.5 ± 13.6 52.4 ± 4.1 0.566 ± 0.039

Table 44.9 Reference values (mean ± SD) for bodyweight (BW, kg), total red cell (CV/BW, mL/kg), total
blood (TBV/BW, mL/kg), plasma (PV/BW, mL/kg) volumes relative to BW, and packed cell volume (PCV,
L/L) in different age and sex groups in normally performing Standardbred Trotters



tremor, tachycardia, excessive pulling during the race, sweating,
and sometimes loose feces.

Physical examination

Generally, horses diagnosed to have red cell hypervolemia
show no specific findings upon physical examination but in
some cases this condition is associated with other clinical dis-
orders such as small airway disease.200,202–204 However, as
already mentioned, many of these horses appear to be very
nervous upon examination and handling.

Special examination

Hematocrit Previous studies have shown that there is a
strong relationship between the red cell volume and total
hemoglobin concentration and the aerobic metabolic capa-
city of horses.14,16,198 Consequently, the estimation of total
blood volume and red cell volume is useful in the evaluation
of the exercise capacity in horses as well as evaluation of
horses with impaired performance.14,15,202,203,205 Horses with
red cell hypervolemia have a significantly increased red cell
volume and higher maximal hematocrit in comparison to
normovolemic horses of corresponding age and sex.14,206

One screening method to determine if a horse suffers from
red cell hypervolemia is to measure the maximal hematocrit
after exercise. The easiest way to do this is by having the horse
exercise at a level that induces a pulse rate that exceeds
200 bpm, which induces a complete emptying of the splenic
red cell reservoir.14,198 This is preferably done on a track using
a heart rate meter to assess the heart rate during exercise.
The blood sample for measurement of hematocrit should be
collected within 1 min of the end of exercise.207 The meas-

ured hematocrit could then be compared to the hematocrit
values from horses of the same age and sex. If the horse has
a maximal hematocrit above 2 standard deviations of what is
expected considering its age and sex, the horse can be sus-
pected to have red cell hypervolemia. If, on the above screen-
ing testing, the horse is shown to have a high hematocrit
value suggesting red cell hypervolemia then the total red cell
volume and total blood volume should be determined to
confirm the diagnosis. This is done using the Evans Blue dye
dilution technique to measure plasma volume, and determi-
nation of the maximal hematocrit after exercise, which then
allows calculation of the total blood volume and red cell
volume.14,207

Red cell volume To standardize the exercise conditions, the
exercise test is often done on a treadmill. The horse performs a
standardized submaximal incremental exercise test on an
inclined (3.6° [6.25%]) treadmill.14,198 During the standardized
submaximal exercise test the heart rate is recorded and mixed-
venous blood samples are drawn at the end of each speed step.
The blood samples are then analyzed for the concentration of
blood lactate. This makes it possible to calculate the individual
values for V·La4 and V·200. Red cell hypervolemic horses have an
abnormally high heart rate in relation to their red cell volume
during submaximal exercise. 14,198 Despite this, the values for
V·200 do not seem to differ between red cell hypervolemic and
normovolemic horses during submaximal exercise.208,209

However, nothing is known about the relationship between
pulse rate and red cell volume during intensive exercise to
fatigue in red cell hypervolemic horses. Red cell hypervolemic
horses also have a tendency to have lower blood lactate concen-
trations immediately postexercise than normovolemic
horses.205 The clinical impression is also that horses with red
cell hypervolemia tend to reach the lactate threshold of 4
mmol/L later during exercise than well-trained normovolemic
horses. There is, however, no scientific evidence to support this
opinion.
Endoscopy Endoscopy of the respiratory tract within
90 min of performing the submaximal exercise test often
reveals blood in the trachea in these horses. Although the
prevalence of EIPH after racing is reported to be lower in
Standardbred Trotters (23–45%) than in Thoroughbreds
(over 90%), there are indications that Standardbred Trotters
with red cell hypervolemia have an increased incidence of
exercise-induced pulmonary hemorrhage (EIPH) (92%) than
normovolemic Standardbred Trotters198,201,210,211 (Adehed &
Funkquist, unpublished data). The reason for this increased
incidence of EIPH may be related to stress failure of the
capillary endothelial layers.201,212

Laboratory examination

Bronchoalveolar lavage often reveals hemosiderophages,
which is interpreted as evidence of previous EIPH, but is a
common finding in almost all actively racing horses.213–215

Consequently these horses frequently exhibit hemosiderosis
on bronchoalveolar lavage.201 The clinical impression is also
that some horses with red cell hypervolemia have signs of a
subclinical bronchiolitis on bronchoalveolar lavage.
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Fig. 44.13
The relationship between speed at a heart rate of 
200 bpm (m/s) and the red cell volume in relation to body
weight (mL/kg) in normovolemic (�) and polycythemic (●)
horses.
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Histochemical analysis of muscle biopsies collected from
the gluteus medius muscle from horses with red cell hyper-
volemia reveals that the muscle fiber composition and fiber
area do not differ from normovolemic horses.216,217 However,
a higher percentage of type IIB fibers shows a high oxidative
capacity on the NADH-stain than in normovolemic horses.216

A recent study using the immunohistochemical technique
has shown that horses with red cell hypervolemia express 
less of the isoform of myosin heavy-chain MHCIIX in 
comparison to well-trained normovolemic horses.218 There
are three different isoforms of myosin heavy chains (MHC)
MHCI, MHCIIA, MHCIIX, and the oxidative capacity is
highest in the type I and lowest in the type IIX fibers. Train-
ing has been shown to cause a transformation of IIX to 
IIA fibers.

Measurement of maximal hematocrit, as well as determi-
nation of the total blood volume, are common methods used
in clinical practice to diagnose this condition. However,
research on red cell hypervolemic horses have shown that
they have an altered physiological response to exercise in
comparison to normovolemic horses. The methods used in
research are often too complicated or too expensive to be used
in practice. However, research on horses with this condition
has shown that:

● Red cell hypervolemic horses appear to have an adreno-
cortical malfunction with decreased resting plasma corti-
sol concentrations and a decreased response to exogenous
ACTH.197

● During exercise, red cell hypervolemic horses have higher
pulmonary artery pressure (PAP) and systemic artery
pressure (SAP) than normovolemic Trotters and also a
higher pulmonary vascular resistance.200 There is also an
increasing difference in vascular resistance between
hypervolemic and normovolemic horses as exercise inten-
sity increases.

● Red cell hypervolemic horses have a more marked hypox-
emia during exercise in comparison to normovolemic
horses.202,204 This is mainly a result of an increase in
inequality of the ventilation–perfusion distribution (V·

A
/Q·).

This has been found in studies using the multiple inert gas
elimination technique described by Wagner et al.219–221

The mismatch in V·
A
/Q· is likely caused by a mild interstitial

pulmonary edema that occurs as a result of an increased
fluid transudation secondary to the pulmonary hyper-
tension.212,222

● Unpublished data indicate that blood viscosity is higher in
red cell hypervolemic horses than in normovolemic horses
(P. Funkquist, unpublished data: 6.67 ± 0.37 mPa × s,
range 6.27–7.19, at maximal exercise to fatigue).

● Horses with red cell hypervolemia have also been found 
to have a lower capillary supply in muscle compared to
well-trained, normovolemic horses.209 Moreover, the
activities of muscle enzymes such as citrate synthase 
(CS), lactate dehydrogenase (LDH), or 3-hydroxy acyl 
CoA dehydrogenase (HAD) in horses with this condi-
tion are unaltered in comparison to normovolemic
horses.208,209,216,217

Necropsy examination

Generally, horses with red cell hypervolemia are not euthanized
so little is known regarding specific findings on necropsy.

Diagnostic confirmation

Differential diagnoses to red cell hypervolemia are other clin-
ical disorders that cause an impaired performance capacity in
horses that have previously performed well. As red cell hyper-
volemia can sometimes be secondary to other diseases, such
as small airway disease or myocardial disease causing
hypoxia, it is important to eliminate these disorders as a
cause of the increase in red cell volume. The diagnosis of red
cell hypervolemia is confirmed by the finding of abnormally
high total blood volume and maximal hematocrit values in a
horse without any other clinical findings that could explain
the onset of poor performance.

Treatment and prognosis

Therapeutic aims

Occasionally, the red cell hypervolemia is associated with
another clinical disorder,203,223 for instance chronic small
airway disease, that could be the primary cause for the devel-
opment of an increased production of erythrocytes. The
therapy is thus directed towards treating the primary
disorder. However, many horses diagnosed with red cell
hypervolemia have no detectable underlying disease as an
explanation for the development of this condition. The
pathophysiology behind red cell hypervolemia is incompletely
understood but there are indications that these horses could
suffer from a chronic stress syndrome.197 The therapeutic
aim is therefore oriented towards diminishing the stress
factors for the horse. Excessive training is thought to be an
important reason for the development of red cell hyper-
volemia and consequently an alteration in training regimen
is often indicated.

Therapy

Alterations in training regimens Despite some minor
differences in training regimens between different trainers,
Standardbred Trotters in Sweden are trained in a similar
manner. The normal training regimens for a Standardbred
Trotter often consist of 2 or 3 days of interval training 
(6–7 intervals) on a straight or round course for 600–700 m.
The last interval is often performed at near to, or maximal
speed; the speed is dependent on the age and training status
of the horse. Between the days of interval training there are
often 1 or 2 days of slow aerobic exercise (driven or ridden),
and 2 days of rest in the paddock. Horses with red cell hyper-
volemia often have a history of very intense training with a
lot of interval training at high speed. It is recommended that
horses with red cell hypervolemia rest completely from train-
ing for a period of 3–6 months, depending on the severity of
the condition. However, some trainers choose to continue the
training without any resting period as they find it difficult to

992
Hematology and immunology



get these horses back in condition again. After the initial
period of rest, training intensity should be reduced by leaving
out the interval training and using races as speed training.
An additional recommendation is also to reduce the fre-
quency of racing and to choose races with a less intense
competition.

It is also recommended to move these horses from busy
large training camps to smaller and quieter stables. All these
recommendations are given with the purpose to reduce the
stress connected with training and stabling for these horses.
Phlebotomy There is evidence that phlebotomy of horses
with red cell hypervolemia decreases both the maximal
hematocrit as well as maximal hemoglobin concentra-
tion.201 Phlebotomy also decreases the pulmonary artery
blood pressure, blood viscosity, and incidence of pulmonary
hemorrhage. The duration of this effect has not been
determined. In the study by Funkquist et al201 the run time
to fatigue during submaximal exercise on a treadmill was
decreased by phlebotomy. Conversely, clinical experience
suggests that phlebotomy could have a positive effect on per-
formance. However, the study by Funkquist and colleagues
found that the plasma volume was not restored after phle-
botomy. This could be one explanation for the decrease seen
in performance after phlebotomy.
Castration The prevalence of red cell hypervolemia is
higher in stallions compared to mares. This may be because
stallions have been shown to have a larger red cell volume
and total blood volume in relation to bodyweight than both
mares and geldings, probably due to the erythropoietic effect
of testosterone.14 Thus one therapeutic method that has been
used in stallions in order to decrease the erythrocyte produc-
tion is castration. However, no studies regarding the effect of
castration on the red cell volume support castration as a
treatment for horses with this condition.

Prognosis

Although a slight improvement can be seen after a longer
period of rest and alterations in training regimes, there are
indications that horses with red cell hypervolemia seldom
reach their previous racing capacity.199 Thus it is common for
red cell hypervolemia to denote the end of a successful racing
career.

Prevention

As the pathophysiology of red cell hypervolemia is unclear, it is
difficult to give recommendations for prevention of this con-
dition. Given that these horses often have a history of a long
period of intensive training before the development of the con-
dition, and show signs of chronic physical and environmental
stress, it is likely that they have reached their genetic limit of per-
formance. The prevention of excessive training could be a factor
of importance in trying to prevent the condition from occur-
ring. However, as there is a great genetic variability in the exer-
cise capacity of individual horses, it is difficult to determine
when the training is overly intense. Further studies are needed
to find different markers for this.

Etiology and pathophysiology

The exact cause of the development of red cell hypervolemia
is still unclear. The prolonged and excessive training is,
however, thought to be an important factor for the develop-
ment of this condition. Red cell hypervolemia is likely a result
of a decreased peripheral oxygen utilization, either depending
on a peripheral circulatory insufficiency and tissue hypoxia
during intensive exercise or a decreased oxygen uptake by the
muscle cell.14,197 The former has similarities to a condition
called vasoregulatory asthenia, which is seen in man after
excessive physical training.224 The decreased uptake of
oxygen could be a result of a reduced diffusion of oxygen to
mitochondria. The hypoxia is thought to cause a compensa-
tory increase in plasma erythropoietin that results in an
absolute secondary erythrocytosis. The mobilization of red
blood cells from the spleen during exercise has been reported
to contribute to the exercise-induced hypoxemia seen in
normal horses during exercise.202 In horses with red cell
hypervolemia this hypoxia is likely exaggerated because of an
increase in blood viscosity, a higher pulmonary vascular
resistance and an inequality in ventilation–perfusion
distribution. Little is known about the plasma erythropoietin
concentrations in horses with red cell hypervolemia and
further studies are needed to establish if horses with this con-
dition show alterations in the concentrations of plasma
erythropoietin in comparison to normovolemic horses.
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this review will therefore emphasize those results obtained
from human and rodent exercise studies. When possible,
specific information regarding equine exercise studies will
also be included.

Immune responses

Most investigations on the effect of exercise on immune func-
tion have focused on the innate immune response in both
horse and man.1,18,19 This initial response to pathogens plays
a central role in disease resistance and the development of
subsequent adaptive or specific immune responses. The
innate immune response includes both cellular and humoral
components, although most studies on the effect of exercise
on this response have focused on the cellular components,
namely neutrophils, macrophages, and natural killer (NK)
cells.18,19 The essential characteristic of the innate immune
response is that it does not exhibit specificity for the invading
organism. Thus the induction of an innate immune response
does not require prior exposure to the invading organism, nor
is it augmented by repeated exposure to the same organism.
The innate immune response plays an important role in
prompting the adaptive immune response as well as 
providing valuable time for specific adaptive responses to
develop.

The adaptive immune response is likewise mediated by
both humoral and cellular components. The humoral
response consists of antigen-specific antibodies produced by
B cells and plasma cells. The cellular response is composed of
effector T cells such as cytotoxic T-lymphocytes (CTLs) that
exhibit both antigen specificity and the phenomena of
immunological memory. The regulation of the adaptive
immune response is mediated by T helper (Th) cells that
produce various cytokines, small hormone-like proteins that
control the growth, differentiation, and activation state of
various cells of the immune system.20 Together, these
responses provide the functional capacity to completely
protect an animal against a particular pathogen.

It is a common belief that habitual exercise provides an indi-
vidual with enhanced protection from disease. A review of the
scientific literature, however, reveals seemingly paradoxic
reports on the effect of exercise on the immune system.1–3 More
than 30 years of research on this topic has made it clear that
the effects of exercise on the immune system are complex and
dependent upon multiple factors, including: (i) the immune
function or characteristic being analyzed; (ii) the intensity and
duration of exercise; and (iii) the timing of the measurement of
immune function in relation to the exercise bout.1,2,4 The
underlying mechanisms whereby exercise alters immune
responses are likewise multifactorial and likely include both
neuroendocrine5–7 and metabolic factors.8–10 Although the
clinical consequences of the exercise-induced immune changes
have not formally been identified, there is evidence that high-
intensity exercise in humans can lead to an overall impairment
of the cellular immune system, resulting in low concentrations
of lymphocytes, suppressed natural immunity, suppressed lym-
phocyte proliferation, suppressed levels of secretory IgA in
saliva, and an increased incidence of upper respiratory tract
infections.8,11–16 By contrast, a regular routine of moderate
exercise seems to improve immunological function and increase
disease resistance, particularly in the elderly.4,17

The majority of the studies concerning the immunologic
responses to exercise and training have focused on humans
and laboratory animals. Although the horse provides an
excellent opportunity for exercise-based studies, there is a
limited amount of information available concerning the
effect of exercise on the equine immune system.18 Most of
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Functionality of the innate immune response is assessed
in vitro by measuring the phagocytic or oxidative metabolic
activity of macrophages and neutrophils21–24 and the cyto-
toxic activity of NK cells.25–28 The adaptive immune response
is assessed in vitro by the ability of lymphocytes to prolifer-
ate4,29–31 or produce cytokines in response to various mito-
gens and specific antigens;4,30,32 and in vivo by measuring
antibody responses.30,33–35

Exercise intensity and
immune function

An acute exercise bout or test is the most frequently used
method for exercise immunology studies.3,36,37 Even with this
approach the overall response depends on many factors, includ-
ing the intensity, duration, and mode of exercise; plasma con-
centrations of hormones and cytokines; physiologic changes in
the body including temperature, blood flow, and hydration
status; and the overall fitness of the subject.36 In general, acute
exercise bouts of moderate duration (< 60 min) and intensity
(< 60% V̇O2max) are associated with fewer perturbations to the
immune system than prolonged, high-intensity sessions in
humans36,38,39 and horses (Table 45.1).23,24,40 Conditioning of
elite human athletes may or may not alter exercise-induced
changes in immune function, and may be sport dependent.41,42

Studies of unconditioned horses have shown decreased
immune responses after a single43,44 and multiple bouts of
intensive exercise.30 Other studies involving conditioned horses
found decreased lymphoproliferative responses following tread-
mill exercise45 or racing29 and impaired neutrophil function
after endurance riding.46,47 Long-term exercise training of low
intensity appears to improve some measures of human immune
function,48 whereas overtraining is associated with decrements
in some immune measures (granulocyte oxidative burst, NK cell
activity, lymphocyte proliferation, the production of cytokines
in response to mitogens, nasal and salivary immunoglobulin A
levels) and increases in others (granulocyte and monocyte
phagocytosis, and inflammatory cytokine production).8,13–16

Interestingly, overtraining in humans is associated with a
decrease in maximum exercise-induced adrenocorticotropin
hormone (ACTH) and, to a lesser degree, cortisol and free
plasma catecholamines.49 No similar alterations in stress

hormone production have been seen in overtrained horses,50,51

although the possibility of immunological alterations in 
overtrained horses has not been addressed.18

The stress response

The physiologic and immunologic consequences of intensive
exercise parallel the effect of other physical and psychological
stressors.52–54 It should be noted that exercise stress is not a
single homogeneous stressor. Rather, it is actually a culmination
of several different stressors, including physiologic, environ-
mental, social, and psychological stressors.53–55 Stress has been
defined, in general, as an abnormal or extreme adjustment in
the physiology of the animal to cope with adverse effects of its
environment or management.56,57 Initial theories attempting to
identify a common non-specific stress response pathway (e.g.
Hans Seyles’ General Adaptation syndrome) have been dis-
counted and instead four separate pathways have been
identified: the hypothalamic–pituitary–adrenal (HPA) axis, the
autonomic nervous system, extra-adrenal pathways, and extra-
neuronal production of cytokine mediators (Fig. 45.1).58

Although products of each of the pathways appear to be
involved in stress-induced immunomodulation, the HPA axis
and its production of cortisol and catecholamines has been the
most intensively studied stress pathway in terms of exercise-
induced immune modulation (Fig. 45.2).54,59

Cortisol represents the chronic response to stress whereas
catecholamines represent the acute stress response.60,61

Cortisol, the primary biologically relevant corticosteroid of
humans and horses, is a cholesterol derivative produced by the
adrenal cortex under the direction of ACTH produced 
by the pituitary.62 Production of ACTH is regulated by
corticotropin-releasing factor (CRF), which is produced by the
hypothalamus.63 Cortisol production in humans and horses has
an ACTH-dependent circadian rhythm with peak levels in the
early morning and a nadir in the evening.64–66 This rhythm can
be disrupted by physical and psychological stress.65,66 Intensive
exercise is likewise associated with an increase in plasma corti-
sol in both man and horse.54,67,68 Therefore it is tempting to

Immune function Moderate Intense 
exercise exercise

LAK/NK lysis ↑ ↓
Lymphoproliferation ↓ ↓
Neutrophil function ↓ ↓
Macrophage function ↓ ↓
Proinflammatory cytokines ↑ ↑
Antibody levels ↓

Table 45.1 Summary of exercise intensity effects on immune
functions18

Hypothalamus Autonomic nervous system

Cytokines Pituitary

CatecholaminesCorticosteroids Enkephalins

Immune system

Exercise stress

Adrenal

Muscles

Fig. 45.1
Exercise effects on the immune system. Exercise can affect the
immune response either directly via the production of various
cytokines by muscle cells or via hormone produced via the
hypothalamus–pituitary–adrenal axis.↔



humans,21,92–95 as well as horses.96–98 As with the other
effects of exercise on immune function, the magnitude of the
leukocytosis increases as the intensity and duration of exer-
cise increases.94 The leukocytosis observed following acute
intense exercise is biphasic in nature, characterized by an
initial increase in lymphocyte numbers followed by an
increase in neutrophil and monocyte numbers.93,95,99

Lymphocyte numbers have been shown to return to resting
levels in as short as 1 h after exercise, whereas neutrophils
are slower in returning to resting values and, considering the
fact that lymphocyte numbers decline rapidly, are responsible
for the increased neutrophil to lymphocyte ratio reported in
most studies.95,96 Lymphocyte numbers have been shown to
drop below baseline values in human and equine subjects
during the recovery phase following intense exercise creating
a lymphopenia,61,100 and this effect has been attributed to
post-exercise production of cortisol.77

In addition to the increase in lymphocyte numbers in
response to exercise, it has been shown that exercise has an
effect on lymphocyte subpopulations. The majority of the
work has concentrated on the changes in circulating
numbers of CD4+ and CD8+ T-lymphocytes.39,101–105 Most Th
cells are CD4+ while CTLs are CD8+. In one study with a
limited number of horses, CD4+ T cell numbers were shown
to decline following intense exercise, with no change in CD8+

numbers.18 In related studies using human subjects, CD4+

and CD8+ T cell numbers have been shown to increase,
decrease, or remain stable following exercise.39,103–105 In
general, these results indicate that exercise-induced lympho-
cyte subset reduction is transient and dependent upon exer-
cise intensity and duration with high-intensity exercise
tending to decrease the number of CD4+ T cells.12,39,103

The number of circulating NK cells, identified by the pres-
ence of the CD16 cell-surface antigen, has been shown to
increase following exercise in humans.12,28,39,106–108 The
effect of exercise on NK cells in the horse is unknown,
because equine NK cells are difficult to identify. Several
markers that selectively bind to the equine NK cell have been
identified and may provide the answer to this and many
other questions regarding equine NK cells.109,110 Equine
lymphokine-activated killer (LAK) cell activity, which
appears to be distinct from NK cell activity,111,112 has been
shown to increase following exercise,113 although the circu-
lating numbers of these cells remain stable following
exercise.27

There are three likely mechanisms to explain the exercise-
induced leukocytosis. The first mechanism involves hemo-
concentration resulting from shifts in fluid balance with the
overall effect of decreasing the extracellular fluid compart-
ment.102,114,115 The increase in the packed cell volume and
total protein concentration due to intense exercise are par-
tially due to this mechanism as well.116,117 The second mech-
anism involves catecholamine levels, which have been shown
to rise in response to exercise and are known to mobilize
leukocytes from the marginal pool.95 The third mecha-
nism that may play a role in the leukocytosis of exercise
involves the mobilization of granulocytes from the mar-
row pool caused by exercise-induced increases in cortisol
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ascribe exercise-induced changes in immune function to
increases in plasma cortisol, because corticosteroids are known
to be potent anti-inflammatory agents and to have dramatic
effects on immune cell function (see below).69

Catecholamine production by the nervous system is
another important component of the stress response.59,70

Catecholamines, such as epinephrine (adrenaline) and nor-
epinephrine (noradrenaline), are derivatives of tyrosine pro-
duced by sympathetic nerve endings and the adrenal
medulla.71 They mediate a multitude of physiologic changes
that broadly encompass the ‘fight or flight’ response to stres-
sors.57,72 Catecholamines exert their effects within minutes of
their induction and are considered to represent the active
response to stress.73 Catecholamines mediate their effect
through the interaction with adrenergic receptors found on
the surface of various cells, including lymphocytes.74–76 A
number of immunomodulatory effects of catecholamines
has been described (see below).

It has been suggested that stress-induced impairment of
either innate or specific immune responses opens a ‘window
of susceptibility’ to infectious agents.77 This is likely due to
subtler changes in immune function rather than complete
immune suppression.78–85 These subtle changes in lympho-
cyte function could account for aberrant responses to vacci-
nation seen in stressed individuals86,87 and the increased
incidence of upper respiratory tract infections in human
athletes.88–91 Although the precise mechanism responsible
for the increase in disease remains uncertain, a number of in
vitro correlates have been identified.

Exercise-induced leukocytosis

One of the most consistent effects of exercise on the immune
system is the leukocytosis seen after strenuous exercise in

Stress

Hypothalamus

CRF

β-endorphin Growth
hormone

Adrenal Catecholamines

ACTH

Pituitary

Cortisol

Fig. 45.2
Hypothalamus–pituitary–adrenal (HPA) axis.The perception of
the stressor signals corticotropic-releasing factor (CRF)
production by the hypothalamus, which causes the pituitary to
produce adrenocorticotrophic hormone (ACTH) and �-
endorphin.ACTH stimulates cortisol production by the
adrenal glands, which also produce catecholamines.
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concentration.102,118–120 It is believed that this latter mecha-
nism is responsible for the previously mentioned biphasic
nature of exercise-induced leukocytosis.77,93,95,99,120,121

Exercise and leukocyte function

Single bouts of moderate to intensive exercise are associated
with an initial increase in NK or LAK cell function in
humans26,28,107,122 and horses27 but severe exercise is followed
by depression of NK function.122 Single bouts of moderate to
intensive exercise transiently impair neutrophil antimicrobial
functions in both horse and man.21,98 High-intensity exercise
on a treadmill has been associated with a general reduction in
neutrophil function in both species.44,123 Endurance racing is
likewise associated with negative changes in neutrophil func-
tion in both man and horse.46,47 Similar effects of intensive
exercise on bronchoalveolar macrophage function are also
seen in horses,23,24 although in mice there appears to be an
enhancement of macrophage function following an exercise
challenge.22 As such, these studies indicate that equine innate
immune functions, like those of humans, can be adversely
affected by intensive exercise.

There are relatively few reports of exercise-induced
changes in antigen-specific lymphoproliferation as the
majority of the work on exercise-induced changes in lympho-
cyte function has concentrated on the mitogen-specific
response. In general, intense exercise leads to decreased
lymphoproliferation to both mitogens and antigens.11,12,124

The magnitude of this effect has been shown to increase with
increases in exercise intensity and duration.36,38,39 In one
study in horses, there was no change in the lymphoprolifera-
tive response to the various mitogens.24 In contrast, other
studies have shown that unconditioned horses exhibit
decreased lymphoproliferative responses to both mitogens
and equine influenza virus in response to a single bout43,44

and multiple bouts of intensive exercise.30 Studies involving
conditioned horses found decreased lymphoproliferative
responses to mitogens in response to treadmill-based exercise
challenge45 and racing.29 While positive training effects have
been observed on human basal immune responses,4,17 exer-
cise-conditioned horses do not appear to have a similar
increase in their basal immune responses (Table 45.2).

More recently it has been suggested that strenuous exer-
cise might also alter patterns of cytokine gene expression,

though the absolute effect varied.32,33,125 Production of the
proinflammatory cytokines interleukin (IL)-1, IL-6, IL-8, 
IL-12, granulocyte/macrophage-colony stimulating factor
(GM-CSF), and tumor necrosis factor (TNF)-� is enhanced by
intensive exercise,126–128 suggesting that exercise is a form of
limited inflammatory response.129 IL-6 is thought to play a
central role in this process as it is produced in large quantities
in response to exercise and locally in skeletal muscle in
response to exercise.130 From these results, it has thus been
proposed that skeletal muscle damage during physical exer-
cise results in an inflammatory response.131,132 It has
recently been reported that multiple bouts of high-intensity
exercise may be more potent inducers of this inflammatory
response.133,134 Although the overall significance of these
results remains controversial,135 it is becoming increasingly
apparent that exercise is associated with a proinflammatory
cytokine response. Whereas these cytokines themselves have
immunoregulatory functions, their production may also
have a role in post-exercise immune suppression.136,137 The
theory is that the counter-regulation of the initial inflamma-
tory immune response involves the production of cortisol,
prostaglandins, and IL-10 (an anti-inflammatory cytokine),
all of which contribute to the post-exercise immune sup-
pression.130,137 This mechanism is also consistent with
reports that exercise may enhance Th2 immune responses at
the expense of Th1 responses.32 IL-10 and corticosteroids
suppresses Th1 responses and favor Th2 development.137

Intensive exercise-induced inhibition of Th1 cytokine 
production also occurs in horses,30 although the role 
of IL-10 in this process is unknown. Clearly the effect of
exercise on cytokine production in the horse needs further
work.

The effects of exercise on humoral immunity are
conflicting at best. Prolonged periods of intense training lead
to an impairment of mucosal immunoglobulin levels in
humans.2,138–140 Exercise appears to have little effect on
immunoglobulin concentrations or antibody production in
horses.30,98 Actively exercising horses and humans produce
similar levels of antibodies following vaccination as unexer-
cised controls,34,141 however, cell-mediated immunity follow-
ing vaccination may be impaired.30,142,143 The possibility of
altered patterns of immunoglobulin isotype production in
response to exercise has not been addressed, although such
alterations have been described in other stress models.86,87

Additional work needs to be done to elucidate the effect of
exercise on immunoglobulin levels and isotype production in
both horse and man.

Mechanisms of 
exercise-induced changes in
immune function

The mechanisms responsible for changes in immune function
are unknown, although much of the data seem to implicate a

Immune Untrained horses Trained horses
response

Mitogen 68 266 ± 2082 cpm 68 066 ± 5428 cpm
proliferation

Influenza 7358 ± 426 cpm 8480 ± 1494 cpm
proliferation

LAK cytotoxicity 16.2 ± 1.8 lytic units 12.8 ± 3.1 lytic units

LAK, lymphokine-activated killer.

Table 45.2 Basal immune responses of trained and untrained
horses43



corticosteroid suppression of immune function.154 No similar
information is available for the horse.

Because corticosteroids are known to be potent anti-
inflammatory agents and to have dramatic effects on immune
cell function,69 it is tempting to attribute exercise-induced
changes in immune function to increases in plasma cortisol.
Thus corticosteroids inhibit synthesis of various cytokines
such as IL-1, IL-2, IL-3, IL-6, interferon gamma (IFN-�), 
GM-CSF, and TNF-�.69,155,156 Likewise, the production or
release of lymphotoxin, monocyte chemotactic factors,
vasoactive amines, prostaglandins, and plasminogen activa-
tor are diminished in the presence of corticosteroids.69,155,156

Indirect corticosteroid effects on in vitro lymphoid cell func-
tion have likewise been reported, presumably resulting from
altered regulation of cytokine production and activity and/or
antigen-presenting cell function.157 Thus a variety of
research has demonstrated corticosteroid-related decreases
in mitogen responses, LAK cell activity, CTL function, NK cell-
mediated cytotoxicity, and lymphocyte proliferative responses
to specific antigens.54,158–160 Although the magnitude of the
cellular response to glucocorticoid depends upon the hor-
mone level to which it is exposed, the relationship between
corticosteroids and the immune system is complex and may
be obscured by factors such as steroid preparation and species
sensitivity to corticosteroids.161 Studies that demonstrate
corticosteroid-associated immune suppression in vitro often
utilize synthetic preparations and/or non-physiologic con-
centrations of the steroid. Synthetic hormones such as
dexamethasone or prednisolone have a longer half-life in cir-
culation, bind less strongly to cortisol-binding globulin, and
have a higher affinity for the corticosteroid receptor and are
thus more potent than cortisol.162,163 Pharmacologic con-
centrations of cortisol that are immunosuppressive are not
relevant to the in vivo situation.163 Finally, it should be noted
that most studies on the effects of corticosteroids have been
performed on corticosteroid-sensitive species such as rats and
mice.164 In these animals, relatively small amounts of corti-
costeroids have dramatic suppressive effects on immune func-
tion, including thymic involution and lymphoid cell death.164

In corticosteroid-resistant species such as the horse, immune
suppression by corticosteroids may be absent or else require
even higher doses and prolonged exposure to corticosteroids
for expression.165 It is important to keep these caveats in mind
when considering the role that cortisol may play in exercise-
induced immune modulation. To address some of these issues
we have tested equine peripheral blood mononuclear cells in
vitro for the effect of cortisol on lymphoproliferative and LAK
cell function (Fig. 45.4). Significant effects were only
observed at the highest (10–6 M) concentrations. Likewise,
injection of a single bolus of cortisol at physiologic concen-
trations failed to alter immune cell function, although hema-
tologic responses were observed (Table 45.3). Together, these
results indicate that cortisol alone may not account for exer-
cise-induced changes in immune cell function in the horse.

Catecholamines have also been shown to significantly
increase in response to exercise in the horse.146,166 Epi-
nephrine (adrenaline) and norepinephrine (noradrenaline)
are the major secretory catecholamines and have similar
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central role for cortisol and/or catecholamines. Exercise has
been shown to significantly increase the plasma concentra-
tion of cortisol and catecholamines and the magnitude of
this response is directly related to the intensity and duration
of exercise.54,77 Hormonal responses of the horse to exercise
have been shown to mimic the response of humans and other
mammals in which both cortisol and catecholamine levels
have been shown to significantly increase in response to high-
intensity exercise.68,100,144–146 Again, the general consensus
is that cortisol mediates the later changes following exercise
while the early or immediate effects of exercise are due to
the catecholamines (Fig. 45.3).

Production of cortisol, the primary secretory gluco-
corticoid, in the horse has been well studied but the actual
physiological significance of the changes that occur following
exercise are far from being understood. Plasma cortisol in the
horse has a half-life of 70–100 min and has been shown to
peak 20–30 min after the cessation of exercise.145 It has been
determined that plasma cortisol levels do not increase due to
exercise until the work load reaches the 60% maximum
oxygen uptake (V̇O2max).30,147–149 The increase in plasma cor-
tisol concentration is the result of a change in the balance
between the combined increased secretion of cortisol and
increased clearance rate in response to exercise, with the
secretion rate showing the greater increase.67 Exercise train-
ing is associated with an adaptation of the HPA axis leading
to decreased pituitary sensitivity to corticosteroids and
increased plasma cortisol levels.150,151 Exercise-induced
alterations in glucocorticoid receptor expression and signal-
ing in lymphocytes have also been reported in human
athletes,152,153 and this can lead to decreased sensitivity of

Exercise                                            Recovery

Catecholamines

Cortisol

Heart rate

LA
K

LP

Time

Fig. 45.3
Equine exercise–immunology model. Exercise is associated
with the early production of catecholamines and an increase
in heart rate. Cortisol production occurs later and is intensity
dependent. Lymphokine-activated killer (LAK) cell activity and
the lymphoproliferative (LP) response to mitogens are at a
baseline level prior to exercise. Upon completion of exercise,
LAK activity increases with a concomitant decrease in the LP
response. Later in the recovery period, both LAK and LP
responses are suppressed, although eventually they will return
to baseline levels.The magnitude and duration of the effect on
LAK and LP is also intensity dependent.



In addition to the effects of cortisol and catecholamines on
the immune system, several other mediators have been impli-
cated as having a potential role in the changes seen following
exercise. These include �-endorphin, growth hormone, 
prolactin, and enkephalin.126,149,173,174 Among these, 
�-endorphin has been the most extensively studied in terms
of its effect on immune cell function. �-Endorphin release has
been shown to increase following intense exercise requiring
intensity in excess of 60% V̇O2max.149,173,174 �-Endorphin has
been shown to be generally immunosuppressive.54,126

Exercise and infectious
disease

The central question remains, does exercise lead to increased
susceptibility of horses to bacterial and viral infections?
Although the physiologic and immunologic consequences of
intensive exercise parallel the effect of other physical and psy-
chological stressors,53,54 do these changes in immunologic
function measured in vitro correlate with increased suscepti-
bility to disease in vivo? Epidemiologic surveys have
confirmed an increased incidence of upper respiratory tract
infection symptoms in human athletes following participa-
tion in high-intensity events, such as marathon races,89–91

although the precise mechanism responsible for this increase
remains uncertain.175–177

The marked susceptibility of race horses to respiratory
infections is widely recognized.178–180 The reasons for this
remain unknown, although they are likely to include the
immune status of the susceptible population as well as exposure
to infected individuals.181,182 Interestingly, a recent history of
vaccination is not necessarily associated with a reduction in
disease risk.182 The possibility of training or racing schedules
affecting the incidence of disease has not been widely consid-
ered.181 In a recent study using a treadmill-based exercise pro-
tocol it was shown that vaccinated ponies subjected to repeated
bouts of high-intensity exercise were susceptible to influenza
virus infection, whereas non-exercised controls were pro-
tected.30 This increased susceptibility was associated with alter-
ations in the in vitro cell-mediated immune response to the
virus.30 Could a similar exercise (stress)-induced alteration in
immune function account for influenza infections in vaccinated
race horses? Do exercise-induced alterations in neutrophil func-
tion likewise leave endurance and race horses susceptible to
bacterial infections? Although there is little information cur-
rently available to support these concerns, the experience from
human sports medicine does suggest that there could be a
similar ‘window of vulnerability’ in our equine athletes.

Assuming that there is an association between exercise-
induced immune suppression and increased incidence of
respiratory disease in the horse, what can be done? Some
attempts have been made through chemical or nutritional
means (e.g. indometacin, glutamine, vitamin C, and carbo-
hydrate supplementation) to attenuate immune changes after
intensive exercise,9,183,184 although no consistent relationship
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functions including enhancement of cardiac contraction,
blood flow to the heart and skeletal muscle, blood glucose,
lipolysis, and oxygen consumption.57,72 The plasma half-life
of both epinephrine (adrenaline) and norepinephrine (nor-
adrenaline) is less than 30 s in the horse.166 As is the case for
cortisol, catecholamine secretion has been shown to increase
as the intensity of exercise increases.166–168

Catecholamines exert some of their effects on immune
responses indirectly by causing the redistribution of the blood
cells leading to leukocytosis, lymphocytosis, neutrophilia,
decreases in the CD4:CD8 ratio, and increases in NK cell
numbers.25,75,95,169 Catecholamines also directly influence
antigen-specific antibody responses, mitogen-stimulated
lymphocyte blastogenesis, and natural cytotoxicity.170–172

Cortisol Vehicle

–60 +20 +120 –60 +20 +120

WBC 8.4 7.7* 8.5 10.9 11.0 11.2
Neuts 5.1 4.9* 6.0 6.8 6.6 6.7
Lymphs 2.8 2.5 2.0* 3.0 3.2 2.8
N/L 1.8 2.0 3.0* 2.3 2.1 2.4
LAK 62.3 53.2 108.9 52.9 58.2 58.5
PWM 35.3 35.0 33.4 28.4 31.5 35.7
Flu 4.3 1.9 3.6 3.4 2.3 4.1

Flu, proliferative response to influenza virus (× 103 net cpm); LAK,
lymphokine-activated killer – cell activity as lytic units per 106 cells; Neuts,
neutrophils; lymphs, lymphocytes × 103/�L; N/L, neutrophil/lymphocyte;
PWM, proliferative response to pokeweed mitogen (× 103 net cpm);WBC,
white blood cells.
* Significantly different from – 60 timepoint (P < 0.01, RMANOVA).

Table 45.3 Hematologic results from an intravenous injection 
of cortisol or vehicle43
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Fig. 45.4
The effect of cortisol on equine proliferation and 
lymphokine-activated killer (LAK) cell activity. Peripheral blood
mononuclear cells were incubated with increasing
concentrations of cortisol (10–10, 10–8, and 10–6 M, orange, blue
and yellow bars, respectively) and either equine influenza virus
antigens (Flu) or pokeweed mitogen (PWM) and the
proliferative response determined by 3H-thymidine
incorporation on days 5 and 3, respectively. Cortisol was added
to equine LAK cell cultures at the same doses and cytotoxic
activity assayed as previously described (see Table 45.3). Data
are presented as the average ± SE of the percentage of the
response of cultures not receiving any cortisol.



between nutritional interventions, exercise immunology, and
upper respiratory tract infection risk has yet been established.183

Increased carbohydrate ingestion was associated with an 
attenuated cortisol, growth hormone, and epinephrine (adren-
aline) response and fewer perturbations in immune function.9

Whereas dietary manipulation has been widely recognized 
as a means to meet the energetic needs of the equine
athlete,185,186 the possible effect of diet on immunocompetency
in the exercising horse has not yet been addressed.

Conclusions

Our understanding of the effect of exercise on the immune
system is improving, although a number of issues remain unre-
solved, including the in vivo significance of some of the in vitro
findings. Further work defining the mechanisms and long-term
consequences of exercise-induced immune modulation is
needed before specific changes in current training or vaccina-
tion programs can be contemplated. Nevertheless, evidence
from the human literature indicates that such efforts could
prove useful in protecting the health and welfare of the equine
athlete.

References

1. Woods JA, Davis JM, Smith JA, Nieman DC. Exercise and
cellular innate immune function. Med Sci Sports Exerc 1999;
31:57–66.

2. Mackinnon LT. Chronic exercise training effects on immune
function. Med Sci Sports Exerc 2000; 32:S369–S376.

3. Rowbottom DG, Green KJ. Acute exercise effects on the
immune system. Med Sci Sports Exerc 2000; 
32:S396–S405.

4. Pedersen BK, Toft AD. Effects of exercise on lymphocytes and
cytokines. Br J Sports Med 2000; 34:246–251.

5. Jonsdottir IH. Special feature for the Olympics. Effects of
exercise on the immune system: neuropeptides and their
interaction with exercise and immune function. Immunol
Cell Biol 2000; 78:562–570.

6. Woods JA. Exercise and neuroendocrine modulation of
macrophage function. Int J Sports Med 2000; 21 Suppl
1:S24–S30.

7. Fleshner M. Exercise and neuroendocrine regulation of
antibody production: protective effect of physical activity on
stress-induced suppression of the specific antibody response.
Int J Sports Med 2000; 21 Suppl 1:S14–19.

8. Venkatraman JT, Pendergast DR. Effect of dietary intake on
immune function in athletes. Sports Med 2002;
32:323–337.

9. Nieman DC. Exercise immunology: nutritional
countermeasures. Can J Appl Physiol 2001; 26
Suppl:S45–S55.

10. Gleeson M, Lancaster GI, Bishop NC. Nutritional strategies to
minimise exercise-induced immunosuppression in athletes.
Can J Appl Physiol 2001; 26 Suppl:S23–S35.

11. Fitzgerald L. Exercise and the immune system. Immunol
Today 1988; 9:337–339.

12. Field CJ, Gougeon R, Marliss EB. Circulating mononuclear
cell numbers and function during intense exercise and
recovery. J Appl Physiol 1991; 71:1089–1097.

13. MacKinnon LT. Special feature for the Olympics. Effects of
exercise on the immune system: overtraining effects on
immunity and performance in athletes. Immunol Cell Biol
2000; 78:502–509.

14. McKenzie DC. Markers of excessive exercise. Can J Appl
Physiol 1999; 24:66–73.

15. Gabriel HH, Urhausen A, Valet G et al. Overtraining and
immune system: a prospective longitudinal study in
endurance athletes. Med Sci Sports Exerc 1998;
30:1151–1157.

16. Fitzgerald L. Overtraining increases the susceptibility to
infection. Int J Sports Med 1991; 12 Suppl 1:S5–S8.

17. Bruunsgaard H, Pedersen BK. Special feature for the
Olympics. Effects of exercise on the immune system: effects of
exercise on the immune system in the elderly population.
Immunol Cell Biol 2000; 78:523–531.

18. Hines MT, Schott HC II, Bayly WM, Leroux AJ. Exercise and
immunity: a review with emphasis on the horse. J Vet Intern
Med 1996; 10:280–289.

19. Nieman DC, Pedersen BK. Exercise and immune function.
Recent developments. Sports Med 1999; 27:73–80.

20. Horohov DW. Equine T-cell cytokines. Protection and
pathology. Vet Clin North Am Equine Pract 2000; 
16:1–14.

21. Pyne DB. Regulation of neutrophil function during exercise.
Sports Med 1994; 17:245–258.

22. Su SH, Chen HI, Jen CJ. Severe exercise enhances
phagocytosis by murine bronchoalveolar macrophages. 
J Leukoc Biol 2001; 69:75–80.

23. Raidal SL, Love DN, Bailey GD, Rose RJ. The effect of high
intensity exercise on the functional capacity of equine
pulmonary alveolar macrophages and BAL-derived
lymphocytes. Res Vet Sci 2000; 68:249–253.

24. Wong CW, Thompson HL, Thong YH, Thornton JR. Effect 
of strenuous exercise stress on chemiluminescence response
of equine alveolar macrophages. Equine Vet J 1990;
22:33–35.

25. Jonsdottir IH. Exercise immunology: neuroendocrine
regulation of NK-cells. Int J Sports Med 2000; 21 Suppl
1:S20–S23.

26. Hoffman-Goetz L, May KM, Arumugam Y. Exercise training
and mouse mammary tumour metastasis. Anticancer Res
1994; 14:2627–2631.

27. Horohov DW, Keadle TL, Pourciau SS, et al. Mechanism of
exercise-induced augmentation of lymphokine activated
killer (LAK) cell activity in the horse. Vet Immunol
Immunopathol 1996; 53:221–233.

28. Nielsen HB, Secher NH, Kappel M et al. Lymphocyte, NK and
LAK cell responses to maximal exercise. Int J Sports Med
1996; 17:60–65.

29. Nesse LL, Johansen GI, Blom AK. Effects of racing on
lymphocyte proliferation in horses. Am J Vet Res 2002;
63:528–530.

30. Folsom RW, Littlefield-Chabaud MA, French DD et al.
Exercise alters the immune response to equine influenza
virus and increases susceptibility to infection. Equine Vet J
2001; 33:664–669.

31. Dohi K, Mastro AM, Miles MP, et al. Lymphocyte proliferation
in response to acute heavy resistance exercise in women:
influence of muscle strength and total work. Eur J Appl
Physiol 2001; 85:367–373.

32. Steensberg A, Toft AD, Bruunsgaard H et al. Strenuous
exercise decreases the percentage of type 1 T cells in the
circulation. J Appl Physiol 2001; 91:1708–1712.

1006
Hematology and immunology



33. Kohut ML, Boehm GW, Moynihan JA. Moderate exercise is
associated with enhanced antigen-specific cytokine, but not
IgM antibody production in aged mice. Mech Ageing Dev
2001; 122:1135–1150.

34. Lunn DP, Hussey S, Sebing R, et al. Safety, efficacy, and
immunogenicity of a modified-live equine influenza virus
vaccine in ponies after induction of exercise-induced
immunosuppression. J Am Vet Med Assoc 2001;
218:900–906.

35. Gleeson M, Pyne DB. Special feature for the Olympics. 
Effects of exercise on the immune system: exercise effects 
on mucosal immunity. Immunol Cell Biol 2000;
78:536–544.

36. Nieman DC. Exercise immunology: practical applications. 
Int J Sports Med 1997; 18 Suppl 1:S91–S100.

37. Nash MS. Exercise and immunology. Med Sci Sports Exerc
1994; 26:125–127.

38. Robson PJ, Blannin AK, Walsh NP et al. Effects of exercise
intensity, duration and recovery on in vitro neutrophil
function in male athletes. Int J Sports Med 1999;
20:128–135.

39. Tvede N, Kappel M, Halkjaer-Kristensen J et al. The effect of
light, moderate and severe bicycle exercise on lymphocyte
subsets, natural and lymphokine activated killer cells,
lymphocyte proliferative response and interleukin 2
production. Int J Sports Med 1993; 14:275–282.

40. Horohov DW, Dimock A, Guirnalda P et al. Effect of exercise
on the immune response of young and old horses. 
Am J Vet Res 1999; 60:643–647.

41. Hanson PG, Flaherty DK. Immunological responses to
training in conditioned runners. Clin Sci (Lond) 1981;
60:225–228.

42. Espersen GT, Elbaek A, Schmidt-Olsen S et al. Short-term
changes in the immune system of elite swimmers under
competition conditions. Different immunomodulation
induced by various types of sport. Scand J Med Sci Sports
1996; 6:156–163.

43. Keadle TL. The effect of exercise stress on equine immune
funtion. PhD dissertation. Baton Rouge: Louisiana State
University, 1992.

44. Raidal SL, Love DN, Bailey GD, Rose RJ. Effect of single bouts
of moderate and high intensity exercise and training on
equine peripheral blood neutrophil function. Res Vet Sci
2000; 68:141–146.

45. Kurcz EV, Lawrence LM, Kelley KW, Miller PA. The effect of
intense exercise on the cell-mediated immune response of
horses. Eq Nutr Physiol Soc 1988; 8:237–239.

46. Jensen-Waern M, Lindberg A, Johannisson A et al. The effect
of an endurance ride on metabolism and neutrophil
function. Eq Vet J Suppl 1999; 30:605–609.

47. Robson P, Alston T, Myburgh K. Prolonged suppression 
of the innate immune system in the horse following 
an 80 km endurance race. Eq Vet J 2003; 35(2):
133–137.

48. Shore S, Shinkai S, Rhind S, Shephard RJ. Immune responses
to training: how critical is training volume? J Sports Med
Phys Fitness 1999; 39:1–11.

49. Urhausen A, Kindermann W. Diagnosis of overtraining:
what tools do we have? Sports Med 2002; 32:95–102.

50. Bruin G, Kuipers H, Keizer HA, Vander Vusse GJ. 
Adaptation and overtraining in horses subjected to
increasing training loads. J Appl Physiol 1994;
76:1908–1913.

51. Tyler-McGowan CM, Golland LC, Evans DL et al.
Haematological and biochemical responses to training 
and overtraining. Equine Vet J Suppl 1999; 30:
621–625.

52. Hoffman-Goetz L, Pedersen BK. Exercise and the immune
system: a model of the stress response? Immunol Today
1994; 15:382–387.

53. Clow A, Hucklebridge F. The impact of psychological stress
on immune function in the athletic population. Exerc
Immunol Rev 2001; 7:5–17.

54. Pedersen BK, Hoffman-Goetz L. Exercise and the immune
system: regulation, integration, and adaptation. Physiol Rev
2000; 80:1055–1081.

55. Cannon JG. Exercise and resistance to infection. J Appl
Physiol 1993; 74:973–981.

56. Fraser SB, Richie JSD, Fraser AF. The term “stress” in the
veterinary context. Br Vet J 1975; 131:653–662.

57. Dienstbier RA. Arousal and physiological toughness:
implications for mental and physical health. Psychol Rev
1989; 96:84–100.

58. Griffin T, Frank J. Stress and immunity: a unifying concept.
Vet Immunol Immunopath 1989; 20:263–312.

59. Nagatomi R, Kaifu T, Okutsu M et al. Modulation of the
immune system by the autonomic nervous system and its
implication in immunological changes after training. Exerc
Immunol Rev 2000; 6:54–74.

60. Ursin H, Olff M. Psychobiology of coping and defence
strategies. Neuropsychobiology 1993; 28:66–71.

61. Pedersen BK, Bruunsgaard H, Klokker M et al. 
Exercise-induced immunomodulation – possible roles of
neuroendocrine and metabolic factors. Int J Sports Med
1997; 18(Suppl 1):S2–S7.

62. Delbende C, Delarue C, Lefebvre H et al. Glucocorticoids,
transmitters and stress. Br J Psychiatry 1992; 
160:24–34.

63. Berkenbosch F, Wolvers DA, Derijk R. Neuroendocrine and
immunological mechanisms in stress-induced
immunomodulation. J Steroid Biochem Mol Biol 1991;
40:639–647.

64. Czeisler CA, Klerman EB. Circadian and sleep-dependent
regulation of hormone release in humans. Recent Prog 
Horm Res 1999; 54:97–130.

65. DeRijk R, Michelson D, Karp B et al. Exercise and circadian
rhythm-induced variations in plasma cortisol differentially
regulate interleukin-1 beta (IL-1 beta), IL-6, and tumor
necrosis factor-alpha (TNF alpha) production in humans:
high sensitivity of TNF alpha and resistance of IL-6. 
J Clin Endocrinol Metab 1997; 82:2182–2191.

66. Irvine CH, Alexander SL. Factors affecting the circadian
rhythm in plasma cortisol concentrations in the horse.
Domest Anim Endocrinol 1994; 11:227–238.

67. Lassourd V, Gayrard V, Laroute V et al. Cortisol disposition
and production rate in horses during rest and exercise. 
Am J Physiol 1996; 271:R25–R33.

68. Snow DH, Rose RJ. Hormonal changes associated with long
distance exercise. Equine Vet J 1981; 13:195–197.

69. Derijk R, Sternberg EM. Corticosteroid action and
neuroendocrine–immune interactions. Ann N Y Acad Sci
1994; 746:33–41.

70. Black PH. Central nervous system–immune system
interactions: psychoneuroendocrinology of stress and its
immune consequences. Antimicrob Agents Chemother
1994; 38:1–6.

71. Wan W, Vriend CY, Wetmore L et al. The effects of stress on
splenic immune function are mediated by the splenic nerve.
Brain Res Bull 1993; 30:101–105.

72. Kusnecov AW, Rabin BS. Stressor-induced alterations of
immune function: mechanisms and issues. Int Arch Allergy
Immunol 1994; 105:107–121.

73. Cacioppo JT, Berntson GG, Malarkey WB et al. Autonomic,
neuroendocrine, and immune responses to psychological

1007
45 Immunological responses to exercise and training



stress: the reactivity hypothesis. Ann N Y Acad Sci 1998;
840:664–673.

74. Landmann R. Beta-adrenergic receptors in human leukocyte
subpopulations. Eur J Clin Invest 1992; 22 Suppl 1:30–36.

75. Chambers DA, Cohen RL, Perlman RL. Neuroimmune
modulation: signal transduction and catecholamines.
Neurochem Int 1993; 22:95–110.

76. Madden KS, Sanders VM, Felten DL. Catecholamine
influences and sympathetic neural modulation of immune
responsiveness. Annu Rev Pharmacol Toxicol 1995;
35:417–448.

77. Perna FM, Schneiderman N, LaPerriere A. Psychological
stress, exercise and immunity. Int J Sports Med 1997; 18
Suppl 1:S78–S83.

78. Zwilling BS. Stress affects disease outcomes. Confronted with
infectious disease agents, the nervous and immune systems
interact in complex ways. ASM News 1992; 58:23–25.

79. Young RA, Elliot TJ. Stress proteins, infection, and immune
surveillance. Cell 1989; 59:5–8.

80. Fleshner M, Nguyen KT, Cotter CS et al. Acute stressor
exposure both suppresses acquired immunity and potentiates
innate immunity. Am J Physiol 1998; 275:R870–R878.

81. Decker D, Schondorf M, Bidlingmaier F et al. Surgical stress
induces a shift in the type-1/type-2 T-helper cell balance,
suggesting down-regulation of cell-mediated and 
up-regulation of antibody-mediated immunity
commensurate to the trauma. Surgery 1996; 
119:316–325.

82. Moynihan JA, Callahan TA, Kelley SP, Campbell LM. 
Adrenal hormone modulation of type 1 and type 2 cytokine
production by spleen cells: dexamethasone and
dehydroepiandrosterone suppress interleukin-2,
interleukin-4, and interferon-gamma production in vitro.

Cell Immunol 1998; 184:58–64.
83. Webster EL, Elenkov IJ, Chrousos GP. The role of

corticotropin-releasing hormone in neuroendocrine-immune
interactions. Mol Psychiatry 1997; 2:368–372.

84. Milburn HJ, Poulter LW, Dilmec A et al. Corticosteroids
restore the balance between locally produced Th1 and Th2
cytokines and immunoglobulin isotypes to normal in sarcoid
lung. Clin Exp Immunol 1997; 108:105–113.

85. Sanders VM. The role of norepinephrine and beta-2-
adrenergic receptor stimulation in the modulation of Th1,
Th2, and B lymphocyte function. Adv Exp Med Biol 1998;
437:269–278.

86. Kiecolt-Glaser JK, Glaser R, Gravenstein S, Malarkey WB.
Chronic stress alters the immune response to influenza virus
vaccine in older adults. Proc Natl Acad Sci USA 1996;
93:3043.

87. Glaser R, Kiecolt-Glaser JK, Malarkey WB, Sheridan JF. The
influence of psychological stress on the immune response to
vaccines. Ann N Y Acad Sci 1998; 840:649–655.

88. Brenner IK, Shek PN, Shephard RJ. Infection in athletes.
Sports Med 1994; 17:86–107.

89. Nieman DC. Exercise, upper respiratory tract infection, and
the immune system. Med Sci Sports Exerc 1994;
26:128–139.

90. Peters EM. Exercise, immunology and upper respiratory tract
infections. Int J Sports Med 1997; 18 Suppl 1:S69–S77.

91. Kohut ML, Boehm GW, Moynihan JA. Prolonged exercise
suppresses antigen-specific cytokine response to upper
respiratory infection. J Appl Physiol 2001; 90:678–684.

92. Keast D, Cameron K, Morton AR. Exercise and the immune
response. Sports Med 1988; 5:248–267.

93. Gabriel H, Kindermann W. The acute immune response to
exercise: what does it mean? Int J Sports Med 1997; 18 Suppl
1:S28–S45.

94. Brenner I, Shek PN, Zamecnik J, Shephard RJ. Stress
hormones and the immunological responses to heat and
exercise. Int J Sports Med 1998; 19:130–143.

95. Benschop RJ, Rodriguez-Feuerhahn M, Schedlowski M.
Catecholamine-induced leukocytosis: early observations,
current research, and future directions. Brain Behav Immun
1996; 10:77–91.

96. Snow DH, Ricketts SW, Mason DK. Haematological response
to racing and training exercise in thoroughbred horses, with
particular reference to the leucocyte response. Equine Vet J
1983; 15:149–154.

97. Rose R, Allen J. Hematologic responses to exercise and
training. Vet Clin North Am: Equine Prac 1985; 1:461–476.

98. Wong CW, Smith SE, Thong YH et al. Effects of exercise stress
on various immune functions in horses. Am J Vet Res 1992;
53:1414–1417.

99. Ceddia MA, Price EA, Kohlmeier CK et al. Differential
leukocytosis and lymphocyte mitogenic response to acute
maximal exercise in the young and old. Med Sci Sports Exerc
1999; 31:829–836.

100. Rossdale PD, Burguez PN, Cash RS. Changes in blood
neutrophil/lymphocyte ratio related to adrenocortical
function in the horse. Equine Vet J 1982; 14:293–298.

101. Ricken KH, Rieder T, Hauck G, Kindermann W. Changes in
lymphocyte subpopulations after prolonged exercise. 
Int J Sports Med 1990; 11:132–135.

102. Haq A, al-Hussein K, Lee J, al-Sedairy S. Changes in
peripheral blood lymphocyte subsets associated with
marathon running. Med Sci Sports Exerc 1993;
25:186–190.

103. Kajiura JS, MacDougall JD, Ernst PB, Younglai EV. Immune
response to changes in training intensity and volume in
runners. Med Sci Sports Exerc 1995; 27:1111–1117.

104. Ronsen O, Pedersen BK, Oritsland TR et al. Leukocyte counts
and lymphocyte responsiveness associated with repeated
bouts of strenuous endurance exercise. J Appl Physiol 2001;
91:425–434.

105. Shek PN, Sabiston BH, Buguet A, Radomski MW. Strenuous
exercise and immunological changes: a multiple-time-point
analysis of leukocyte subsets, CD4/CD8 ratio,
immunoglobulin production and NK cell response. 
Int J Sports Med 1995; 16:466–474.

106. Espersen GT, Elbaek A, Ernst E et al. Effect of physical
exercise on cytokines and lymphocyte subpopulations in
human peripheral blood. Apmis 1990; 98:395–400.

107. Shephard RJ, Rhind S, Shek PN. Exercise and the immune
system. Natural killer cells, interleukins and related
responses. Sports Med 1994; 18:340–369.

108. Ullum H, Palmo J, Halkjaer-Kristensen J et al. The effect of
acute exercise on lymphocyte subsets, natural killer cells,
proliferative responses, and cytokines in HIV-seropositive
persons. J Acquir Immune Defic Syndr 1994; 7:1122–1133.

109. Shirai K, Watanabe H, Weerasinghe A et al. A monoclonal
antibody, DL10, which recognizes a sugar moiety of MHC
class I antigens expressed on NK cells, NK+ T cells, and
granulocytes in humans. J Clin Immunol 1997;
17:510–523.

110. Harris DT, Camenisch TD, Jaso-Friedmann L, Evans DL.
Expression of an evolutionarily conserved function
associated molecule on sheep, horse and cattle natural 
killer cells. Vet Immunol Immunopathol 1993; 
38:273–282.

111. Lunn DP, Schram BR, Vagnoni KE et al. Positive selection of
EqCD8+ precursors increases equine lymphokine-activated
killing. Vet Immunol Immunopathol 1996; 53:1–13.

112. Viveiros MM, Antczak DF. Characterization of equine 
natural killer and IL-2 stimulated lymphokine activated 

1008
Hematology and immunology



killer cell populations. Dev Comp Immunol 1999;
23:521–532.

113. Keadle TL, Pourciau SS, Melrose PA et al. Acute exercise
stress modulates immune function in unfit horses. 
J Eq Vet Sci 1993; 13:4–9.

114. Dickson DN, Wilkinson RL, Noakes TD. Effects of ultra-
marathon training and racing on hematologic parameters
and serum ferritin levels in well-trained athletes. 
Int J Sports Med 1982; 3:111–117.

115. Greenleaf JE, Jackson CG, Lawless D. CD4+/CD8+ 
T-lymphocyte ratio: effects of rehydration before exercise 
in dehydrated men. Med Sci Sports Exerc 1995;
27:194–199.

116. Novosadova J. The changes in hematocrit, hemoglobin,
plasma volume and proteins during and after different types
of exercise. Eur J Appl Physiol Occup Physiol 1977;
36:223–230.

117. Wilkerson JE, Gutin B, Horvath SM. Exercise-induced
changes in blood, red cell, and plasma volumes in man. 
Med Sci Sports 1977; 9:155–158.

118. Nieman DC, Berk LS, Simpson-Westerberg M et al. Effects of
long-endurance running on immune system parameters and
lymphocyte function in experienced marathoners. 
Int J Sports Med 1989; 10:317–323.

119. McCarthy DA, Macdonald I, Grant M et al. Studies on the
immediate and delayed leucocytosis elicited by brief (30-min)
strenuous exercise. Eur J Appl Physiol Occup Physiol 1992;
64:513–517.

120. McCarthy DA, Grant M, Marbut M et al. Brief exercise
induces an immediate and a delayed leucocytosis. 
Br J Sports Med 1991; 25:191–195.

121. Shinkai S, Shore S, Shek PN, Shephard RJ. Acute exercise
and immune function. Relationship between lymphocyte
activity and changes in subset counts. Int J Sports Med
1992; 13:452–461.

122. Pedersen BK, Ullum H. NK cell response to physical activity:
possible mechanisms of action. Med Sci Sports Exerc 1994;
26:140–146.

123. Smith JA, Pyne DB. Exercise, training, and neutrophil
function. Exerc Immunol Rev 1997; 3:96–116.

124. Nieman DC. Exercise, infection, and immunity. Int J Sports
Med 1994; 15 Suppl 3:S131–S141.

125. Goebel MU, Mills PJ, Irwin MR, Ziegler MG. Interleukin-6 
and tumor necrosis factor-alpha production after acute
psychological stress, exercise, and infused isoproterenol:
differential effects and pathways. Psychosom Med 2000;
62:591–598.

126. Suzuki K, Yamada M, Kurakake S et al. Circulating 
cytokines and hormones with immunosuppressive but
neutrophil-priming potentials rise after endurance 
exercise in humans. Eur J Appl Physiol 2000; 
81:281–287.

127. Pedersen BK, Rohde T, Ostrowski K. Recovery of the immune
system after exercise. Acta Physiol Scand 1998;
162:325–332.

128. Northoff H, Berg A. Immunologic mediators as parameters
of the reaction to strenuous exercise. Int J Sports Med 1991;
12 Suppl 1:S9–S15.

129. Shek PN, Shephard RJ. Physical exercise as a human model
of limited inflammatory response. Can J Physiol Pharmacol
1998; 76:589–597.

130. Pedersen BK. Special feature for the Olympics. Effects of
exercise on the immune system: exercise and cytokines.
Immunol Cell Biol 2000; 78:532–535.

131. Moldoveanu AI, Shephard RJ, Shek PN. The cytokine
response to physical activity and training. Sports Med 2001;
31:115–144.

132. Brenner IK, Natale VM, Vasiliou P et al. Impact of three
different types of exercise on components of the
inflammatory response. Eur J Appl Physiol Occup Physiol
1999; 80:452–460.

133. Ronsen O, Haug E, Pedersen BK, Bahr R. Increased
neuroendocrine response to a repeated bout of endurance
exercise. Med Sci Sports Exerc 2001; 33:568–575.

134. Meyer T, Gabriel HH, Ratz M et al. Anaerobic exercise induces
moderate acute phase response. Med Sci Sports Exerc 2001;
33:549–555.

135. Malm C. Exercise-induced muscle damage and inflammation:
fact or fiction? Acta Physiol Scand 2001; 171:233–239.

136. Weinstock C, Konig D, Harnischmacher R et al. Effect of
exhaustive exercise stress on the cytokine response. 
Med Sci Sports Exerc 1997; 29:345–354.

137. Elenkov IJ, Chrousos GP, Wilder RL. Neuroendocrine
regulation of IL-12 and TNF-alpha/IL-10 balance. Clinical
implications. Ann N Y Acad Sci 2000; 917:94–105.

138. Tomasi TB, Trudeau FB, Czerwinski D, Erredge S. Immune
parameters in athletes before and after strenuous exercise. 
J Clin Immunol 1982; 2:173–178.

139. Pyne DB, Gleeson M. Effects of intensive exercise training on
immunity in athletes. Int J Sports Med 1998; 19 Suppl
3:S183–191.

140. Gleeson M, McDonald WA, Pyne DB et al. Immune status
and respiratory illness for elite swimmers during a 12-week
training cycle. Int J Sports Med 2000; 21:302–307.

141. Gleeson M. Mucosal immune responses and risk of
respiratory illness in elite athletes. Exerc Immunol Rev 2000;
6:5–42.

142. Nielsen HB, Pedersen BK. Lymphocyte proliferation in
response to exercise. Eur J Appl Physiol Occup Physiol 1997;
75:375–379.

143. Bruunsgaard H, Hartkopp A, Mohr T et al. In vivo cell-
mediated immunity and vaccination response following
prolonged, intense exercise. Med Sci Sports Exerc 1997;
29:1176–1181.

144. Rose RJ, Hodgson DR, Sampson D, Chan W. Changes in
plasma biochemistry in horses competing in a 160 km
endurance ride. Aust Vet J 1983; 60:101–105.

145. Valberg S, Gustavsson BE, Lindholm A, Persson SG. Blood
chemistry and skeletal muscle metabolic responses during
and after different speeds and durations of trotting. Equine
Vet J 1989; 21:91–95.

146. Nagata S, Takeda F, Kurosawa M et al. Plasma
adrenocorticotropin, cortisol and catecholamines 
response to various exercises. Equine Vet J Suppl 1999;
30:570–574.

147. Kraemer RR, Acevedo EO, Synovitz LB et al. Glucoregulatory
endocrine responses to intermittent exercise of different
intensities: plasma changes in a pancreatic beta-cell peptide,
amylin. Metabolism 2002; 51:657–663.

148. Thornton JR, Essen-Gustavsson B, Lindholm A et al. Effects
of training and detraining on oxygen uptake, cardiac output,
blood-gas tensions, pH and lactate concentrations during
and after exercise in the horse. In: Snow DH, Persson SG,
Rose RJ, eds. Equine exercise physiology, vol 1. Cambridge:
Granta Editions, 1983:470–486.

149. Art T, Franchimont P, Lekeux P. Plasma beta-endorphin
response of thoroughbred horses to maximal exercise. 
Vet Rec 1994; 135:499–503.

150. Duclos M, Corcuff JB, Pehourcq F, Tabarin A. Decreased
pituitary sensitivity to glucocorticoids in endurance-trained
men. Eur J Endocrinol 2001; 144:363–368.

151. Duclos M, Corcuff JB, Arsac L et al. Corticotroph axis
sensitivity after exercise in endurance-trained athletes. 
Clin Endocrinol (Oxf) 1998; 48:493–501.

1009
45 Immunological responses to exercise and training



1010
Hematology and immunology

152. DeRijk RH, Petrides J, Deuster P et al. Changes in
corticosteroid sensitivity of peripheral blood lymphocytes
after strenuous exercise in humans. J Clin Endocrinol Metab
1996; 81:228–235.

153. Grasso G, Lodi L, Lupo C, Muscettola M. Glucocorticoid
receptors in human peripheral blood mononuclear cells in
relation to age and to sport activity. Life Sci 1997;
61:301–308.

154. Duclos M, Minkhar M, Sarrieau A et al. Reversibility of
endurance training-induced changes on glucocorticoid
sensitivity of monocytes by an acute exercise. Clin
Endocrinol (Oxf) 1999; 51:749–756.

155. Wilder RL. Neuroendocrine–immune system interactions 
and autoimmunity. Annu Rev Immunol 1995; 
13:307–338.

156. Wu CY, Gargeas C, Nakajima T, Delespesse G. Glucocortioids
suppress the production of IL-4 by human lymphocytes. 
Eur J Immunol 1991; 21:2645–2647.

157. Visser J, van Boxel-Dezaire A, Methorst D et al. Differential
regulation of interleukin-10 (IL-10) and IL-12 by
glucocorticoids in vitro. Blood 1998; 91:4255–4264.

158. Webster JI, Tonelli L, Sternberg EM. Neuroendocrine
regulation of immunity. Annu Rev Immunol 2002;
20:125–163.

159. Nieman DC. Special feature for the Olympics. Effects of
exercise on the immune system: exercise effects on systemic
immunity. Immunol Cell Biol 2000; 78:496–501.

160. Brattsand R, Linden M. Cytokine modulation by
glucocorticoids: mechanisms and actions in cellular studies.
Aliment Pharmacol Ther 1996; 10:81–90.

161. Bamberger C, Schulte H, Chrousos G. Molecular
determinants of glucocorticoid receptor function and tissue
sensitivity to glucocorticoids. Endocrinol Rev 1996;
17:245–261.

162. Munck A, Guyre PM. Glucocorticoid physiology,
pharmacology and stress. Adv Exp Med Biol 1986;
196:81–96.

163. Jefferies WM. Cortisol and immunity. Med Hypotheses 1991;
34:198–208.

164. Garvy BA, Fraker PJ. Suppression of the antigenic response
of murine bone marrow B cells by physiological
concentrations of glucocorticoids. Immunology 1991;
74:519–523.

165. Magnuson NS, McGuire TC, Banks KL, Perryman LE. 
In vitro and in vivo effects of corticosteroids on peripheral
blood lymphocytes from ponies. Am J Vet Res 1978;
39:393–398.

166. Snow DH, Harris RC, MacDonald IA et al. Effects of
high-intensity exercise on plasma catecholamines in the
thoroughbred horse. Equine Vet J 1992; 24:462–467.

167. Thornton JR. Hormonal responses to exercise and 
training. Vet Clin North Am: Equine Pract 1985;
1:477–496.

168. Mazzeo RS. Catecholamine responses to acute and chronic
exercise. Med Sci Sports Exerc 1991; 23:839–845.

169. Friedman EM, Irwin MR. Modulation of immune cell
function by the autonomic nervous system. Pharmacol Ther
1997; 74:27–38.

170. Dohms JE, Metz A. Stress – mechanisms of
immunosuppression. Vet Immunol Immunopathol 1991;
30:89–109.

171. Rabin BS, Cohen S, Ganguli R et al. Bidirectional interaction
between the central nervous system and the immune system.
Crit Rev Immunol 1989; 9:279–312.

172. Kaufman JC, Harris TJ, Higgins J, Maisel AS. Exercise-
induced enhancement of immune function in the rat.
Circulation 1994; 90:525–532.

173. Jonsdottir IH, Hoffmann P, Thoren P. Physical exercise,
endogenous opioids and immune function. Acta Physiol
Scand Suppl 1997; 640:47–50.

174. Golland LC, Evans DL, Stone GM et al. Plasma cortisol and
beta-endorphin concentrations in trained and over-trained
standardbred racehorses. Pflugers Arch 1999; 439:11–17.

175. Bishop NC, Blannin AK, Walsh NP et al. Nutritional aspects
of immunosuppression in athletes. Sports Med 1999;
28:151–176.

176. Ostrowski K, Rohde T, Asp S et al. Chemokines are elevated
in plasma after strenuous exercise in humans. Eur J Appl
Physiol 2001; 84:244–245.

177. Moseley PL. Exercise, stress, and the immune conversation.
Exerc Sport Sci Rev 2000; 28:128–132.

178. Burrell MH, Wood JL, Whitwell KE et al. Respiratory disease
in thoroughbred horses in training: the relationships
between disease and viruses, bacteria and environment. 
Vet Rec 1996; 139:308–313.

179. Morley PS, Townsend HG, Bogdan JR, Haines DM. Descriptive
epidemiologic study of disease associated with influenza
virus infections during three epidemics in horses. J Am Vet
Med Assoc 2000; 216:535–544.

180. Racklyeft DJ, Raidal S, Love DN. Towards an understanding of
equine pleuropneumonia: factors relevant for control. Aust
Vet J 2000; 78:334–338.

181. Christley RM, Rose RJ, Hodgson DR et al. Attitudes of
Australian veterinarians about the cause and treatment of
lower-respiratory-tract disease in racehorses. Prev Vet Med
2000; 46:149–159.

182. Morley PS, Townsend HG, Bogdan JR, Haines DM. Risk
factors for disease associated with influenza virus infections
during three epidemics in horses. J Am Vet Med Assoc 2000;
216:545–550.

183. Nieman DC. Is infection risk linked to exercise workload? 
Med Sci Sports Exerc 2000; 32:S406–S411.

184. Cynober LA. Do we have unrealistic expectations of the
potential of immuno-nutrition? Can J Appl Physiol 2001; 
26 Suppl:S36–S44.

185. Lawrence L, Soderholm LV, Roberts A et al. Feeding status
affects glucose metabolism in exercising horses. J Nutr 1993;
123:2152–2157.

186. Hintz HF. Nutrition and equine performance. J Nutr 1994;
124:2723S–2729S.



later in this chapter. The point is that the intra-abdominal pres-
sure response could have far-reaching effects on abdominal
viscera, and that the character of the response could vary
depending upon the type and duration of the exertion.
Galloping may have a different effect than trotting, while trot-
ting may have a different effect than pacing. Jumping may have
entirely unique consequences. Effects could include distortion
and/or displacement of viscera, redirection of blood flow, and
release of various regulatory peptides.

A study of human subjects that were ‘encouraged to perform
at near-maximal effort’ indicated that runners have more com-
plaints of gastro-esophageal reflux (GERD) than do cyclists.3

Could this be because, in the bent over position in which they
ride, cyclists create less abdominal muscle press than do
runners? Or is it because, as one report has suggested, the phys-
ical displacement of the abdominal viscera associated with the
‘pounding of the pavement’ results in an irritation that pro-
duces symptoms – the so-called ‘cecal slap syndrome’?4 Or,
could it be a question of experimental methodology, since two
subsequent studies found that subjects asked to perform at up to
90% V·O2 max on a stationary bicycle experienced GERD that was
exercise intensity dependent?5,6 That is, type, duration and
intensity of exercise all need to be considered from the stand-
point of potentially differential effects on the gut.

Finally, considering all of the things humans ask horses to
do in the form of exertion, are some forms more stressful than
others? In general, existent data indicate a direct relationship
between plasma adrenocorticotrophin (ACTH) and cortisol
concentrations and intensity and duration of exercise,
respectively, in horses.7 But in one study, for instance, gallop-
ing caused no significant increase in pituitary venous blood
corticotrophin-releasing hormone (CRH), although ACTH
concentration did increase significantly.8 These issues must
also be factored in with respect to the potential impact on the
GIT. This chapter considers the potential effects of exercise
on: (i) digestion; (ii) absorption; (iii) secretion; (iv) motility;
(v) maintenance of mucosal barrier integrity, and (vi) liver-
specific functions. These functions are directly influenced by
blood flow status, and activity within the enteric nervous
system (ENS), which may be strictly intrinsic or may be modified
by input from the central nervous system (CNS). With respect to

Background

Based upon the design of its gastrointestinal tract (GIT) alone,
the horse would be an unlikely animal for humans to choose
as their athletic alter ego. The very large cecum and folded
large colon, normally filled with ingesta, must certainly not be
the easiest structures to move around. Likewise, the anatomic
arrangement and complexity of function of these fermenta-
tion vats could, theoretically at least, set the system up for any
number of exercise-induced abnormalities. When left to their
own devices in the wild, herbivores, whether they be the
forestomach fermenters or the hind-gut fermenters which
include the equidae, spend the large majority of their day
quietly grazing or resting.1 Instances of movement faster than
a walk are usually brief and in response to attack by a preda-
tor or a rival.

‘Domesticated’ horses, on the other hand, are often subject
to many situations that result in a greater percentage of their
level of daily activity being much more vigorous than just
walking and standing around grazing. While hard data con-
cerning the effect of any form of exertion on the equine GIT,
whether it be direct or indirect, are scarce, we have some results
showing that even the anticipation of an upcoming training
session on a treadmill, such as turning on the treadmill motor,
will evoke an increase in intra-abdominal pressure, reflecting
tensing of the abdominal muscles.2 One outstanding effect this
pressure increase, and that associated with subsequent trotting
or galloping, has on the stomach, for example, will be discussed
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horses, some special species-relevant aspects of these functions
deserve note, and will be explained further below.

Digestion

Some fermentation of soluble carbohydrate occurs within the
stomach, with the production of lactic and volatile fatty acids.
Whether and to what extent these products are absorbed across
the gastric wall and into the bloodstream is not known, though
a large proportion should be in the non-ionized, diffusable form,
given the acidic environment. Pancreatic secretion, on the other
hand, while being large in volume, is very low in amylase and
protease activity. The usual complement of small intestinal
(brush border) disaccharide enzymes is present. However, small
intestinal proteolytic enzymes have not been measured in
horses. From a comparative perspective, the one thing that
makes horses unique with respect to other domestic species is
the degree of cecal and colonic digestion of dietary fiber; up to
35% of the animal’s daily caloric needs may be derived from the
volatile fatty acids (VFAs) produced from the fermentation of
dietary fiber.9

Absorption

As indicated above, one of the most unique aspects of equine
gut function is the fermentation of carbohydrates at both
ends of the tract. While we still know little about where and
how the products of gastric fermentation are absorbed, we do
know that absorption of VFAs produced in the cecum and
colon requires mucosal Na+/H+ exchange. A mole of water
follows each mole of VFA to be absorbed. It follows that
disruption of any of the mechanisms involved in support of
normal mucosal function, because of an exercise-related
event for example, could have major consequences on water
and electrolyte balance, and nutrition. In addition, under
conditions where the cecum and colon are presented with a
large amount of fermentable carbohydrate over a short
period of time, the production rate of the VFAs may initially
outstrip absorption and, through the osmotic gradient
created, pull water from plasma into the colonic lumen.

Secretion

Gastric acid secretion occurs in the horse even under fasting
conditions.10 The important role played by acid in gastric squa-
mous mucosal ulcerogenesis has been demonstrated, especially
as related to the high incidence of this form of gastric ulcer
disease in horses under intensive training conditions.2,11–13 This
association probably provides one of the clearest representa-
tions to date of how exertion can affect the equine GIT (see
below). As mentioned above, from a comparative perspective,
pancreatic secretion in horses is very high in daily volume –
estimated at 50–60 L/day – but is relatively low in bicarbonate
and amylase and protease enzyme concentration.14 At least
when the stomach is empty, large volumes of small intestinal
contents, made up primarily of pancreatic juice, periodically
reflux into the stomach, providing some buffering of the acid
present.15 The effect of exercise, if any, on this process still needs

to be investigated. Finally, the horse undoubtedly possesses all
the intestinal secretory mechanisms that have been described in
other species, but to what degree needs to be defined. What
must be remembered is that, in contrast to humans and animals
with relatively simple colons, a hypersecretion of strictly small
intestinal origin in the horse would not manifest as diarrhea
because of the ability, from a water balance perspective, of the
ceco-colon to compensate for that malfunction.16 Thus, diar-
rhea in adult horses is indicative of a large bowel dysfunction,
which could include hypersecretion at this level.

Motility

As an extension of the human experience, horse trainers often
try to schedule the training sessions for a time when they think
the horse has a relatively empty stomach. Humans in general do
not feel that they can perform maximally on a ‘full stomach.’ It
has been shown that pedaling exercise slows gastric emptying
rate in humans, though more runners than cyclists complain of
GI problems.17 The effects of exercise on gastric motility and
emptying function in horses are not known and require study,
as they may have important implications regarding squamous
mucosal ulcerogenesis. As in other species, the proximal
stomach relaxes in response to active ingestion (receptive relax-
ation), and the degree of this relaxation is directly related to the
amount of feed ingested.18 A more sustained, but less profound,
postingestion proximal relaxation (accommodation) then
occurs, along with peristaltic-like contractions that begin in the
middle of the gastric body and traverse through the antrum and
promote emptying of gastric contents into the duodenum. The
presence of those contents within the duodenum will, in turn,
have modulatory effects on the rate of gastric emptying, the
degree of which will depend upon their specific composition.19

This complex regulatory process could be affected by exertion.
As indicated earlier, intragastric fermentation of ingested
soluble carbohydrates occurs to a considerable degree in horses,
and this implies gas production as a result. It follows that this
gas must also be moved aborally into the duodenum, since
horses do not normally eructate. Likewise, the large amount of
gas that is generated from hindgut fermentation must be moved
aborally, along with the contents, to be expelled via the anus.
Thus, any condition that could adversely reduce the delivery of
gas and/or contents, such as an exercise-induced dysmotility,
could result in notable abdominal discomfort and/or diarrhea.

Maintenance of mucosal barrier integrity

Normal gut function is dependent upon a reasonably intact
barrier between luminal contents and the submucosa.20–22

Maintenance of barrier integrity is dependent upon numer-
ous factors that include blood flow, mucosal cell turnover rate,
and immunologic tolerance to luminal antigens. Methods for
experimentally evaluating the ‘leakiness’ of GI mucosa are
discussed below. From the few in vivo and in vitro studies
done to date, it appears that horses probably will not differ
fundamentally from other species with respect to regional
mucosal barrier characteristics, though this needs much
more investigation.23–28
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Liver specific functions

Irrespective of species, normal liver function is critical to good
health, and this is highly dependent upon adequate blood
supply from both arterial and portal venous sources. Blood
supply is emphasized here because it is probably the aspect of
liver function most prone to modification by exercise. From a
species-specific perspective, it should also be kept in mind that
certain detoxifying and conjugative functions of the equine
liver might be prone to modulation by fasting and fever, as is
the case for endogenously generated bilirubin.29

Available methodologies to
document the effects of
exercise on the equine
gastrointestinal system

Methods that have been used in horses

Transit markers

Gastrointestinal transit time can be measured by the use of
indigestible, non-absorbable markers. The rate of passage is

normally expressed as mean retention time (amount of
marker excreted at a certain time after administration of the
marker), cumulative excretion, or percentage recovery rate.

Comparison of rate of digesta passage during rest and
light to moderate exercise has been evaluated in horses and
donkeys. Some of the markers used in these studies were
cobalt-EDTA, for liquid phase, chromium-mordanted fiber, for
solid phase, and ruthenium-phenanthroline and ytterbium
chloride, for particulates passage.30–32 Non-absorbable
markers, such as phenol red in man17,33,34 and horse,35 and
polyethylene glycol in dog,36 have been used to measure the
effect of different levels of exercise on gastric emptying (GE) of
liquid meals. After ingestion of a labeled meal, gastric con-
tents are aspirated through a nasogastric tube or recovered
by drainage through a gastric cannula. The amount of
marker remaining in the stomach after exercise will depend
on the rate of GE of the labeled meal. However, repeated naso-
gastric intubation per se may affect gastric emptying rate.

Apparent digestibility of diet

Changes in efficiency of dietary fiber utilization in response to
exercise may reflect changes in the passage rate of digesta,
the activity or population of microbes within the gut, or
mucosal integrity.37 Apparent digestibility is calculated as the
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difference between specific components of the diet and those
found in feces, expressed as percent utilization. The effect 
of exercise on diet digestibility has been studied in horses.30–32

Barostat

The electronic barostat has been extensively used to docu-
ment gastrointestinal motility in many species, including
horses.2,38–40 Unlike other methods, this system is more useful
for recording changes in smooth muscle tone than active,
phasic contractions. The principle of the barostat is to maintain
a constant pressure within a plastic bag of infinite compliance,
positioned within the lumen of the segment to be studied. When
the internal pressure of the organ increases for any reason 
(e.g. contraction, increased mural tone), the barostat aspirates
air from the bag to maintain the intrabag pressure constant.
Conversely, when the internal pressure decreases, air is injected
into the bag. Therefore, as the bag follows the movement of the
visceral walls, changes in bag volume are an indirect measure-
ment of changes in tone of the organ (Fig. 46.1).41

In other instances, changes in bag volume reflect changes
in external pressure exerted over the organ containing the
bag. As we mentioned earlier, we observed such changes in
the proximal stomach of horses under a training session2

and related them to increased intra-abdominal pressure
caused by tensing of the abdominal muscles during exercise.
Interestingly, we also observed in some horses relaxation of
the proximal stomach soon after exercise (unpublished
data). What effect this might have on gastric emptying, for
instance, could provide some useful information concerning
optimal timing of feeding with respect to a given exercise
schedule.

Blood flow measurement

Adequate local perfusion is necessary for normal gut tissue
activity, which requires oxygen and nutrients supplied by
peripheral blood. Exercise leads to blood flow diversion from
the GIT to the working skeletal muscles and the skin.42

Decreased perfusion or ischemic damage may result in
impairment of normal function of the gastrointestinal
tissues, including mechanisms of mucosal protection, mem-
brane secretory and absorptive functions, and motility.

The effect of short-term exercise on blood flow of abdom-
inal organs has been measured in the horse, using radio-
nuclide-labeled microspheres.43 Once injected into the
general circulation, the distribution of microspheres is pro-
portional to the blood flow during its first transit through the
circulation.44,45 Consequent quantification of radioactivity
within tissue preparations from horses that have been exer-
cised indicates the level of regional blood flow to those tissues.

Additionally, hepatic blood flow can be quantified by intra-
venous infusion of a marker, such as, bromsulfalein (BSP). As
BSP is highly extracted by the liver, hepatic clearance of BSP
is mainly dependent on liver blood flow. Decreases in blood
clearance of BSP have been attributed to exercise-induced
splanchnic vasoconstriction, leading to decreased portal vein
blood flow.46

Continuous pH monitoring

Continuous pH monitoring of the GIT luminal contents with a
self-referencing pH electrode may be useful for tracking the
effects of exercise on digestive function. The stomach and distal
small colon are accessible without special preparation; other
parts of the tract would need to be surgically cannulated.
Continuous recording of pH changes within the proximal
portion of the stomach has suggested that exposure of the squa-
mous mucosa to hydrochloric acid is increased during exercise
(Fig. 46.2).2 There are no data in the literature that describe pH
changes within the small colon in response to exercise. Such
data have the potential to provide information about the effect of
exercise on mucosal secretion, net electrolyte flux and fermen-
tation activity within the large intestine.

Measurement of GI regulatory peptides and
steroids

Modification of gastrointestinal regulatory peptides and
steroids in response to exercise may either result in, or reflect
changes in, gastrointestinal function. Some of these sub-
stances have been measured in horses under different exer-
cise regimens, varying in type, intensity, and duration.

Exercise stimulates adrenal secretion and activity of the
sympathetic autonomic nervous system. This stimulation is
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reflected in increased plasma levels of ACTH, catechol-
amines, cortisol, and �-endorphins,7,47–49 which are used as
indices of physical stress. As the horse’s fitness improves,
these hormonal responses to exercise diminish.50 Variations
in plasma cortisol are more sensitive to duration of exercise,
whereas ACTH and catecholamine levels are more closely
correlated with exercise intensity.7,51 The effect of variations
of stress hormone levels upon equine gastrointestinal func-
tion is still unknown. In other species, cortisol can have a
deleterious effect on mucosal immune function and epithelial
permeability,52 whereas catecholamines have the potential to
delay gastric emptying, prolong transit time,53,54 and
decrease perfusion of the gastric mucosa.55

Gastrin is a major regulatory peptide of acid secretion, the
plasma concentration of which was increased after prolonged
exercise in the horse in one study,56 but not in another.57 In a
third study, gastrin concentration did not increase after short,
sprint exercise, but was higher postprandially in trained
horses compared to non-trained horses.58 Plasma concentra-
tions of inhibitors of gastric acid secretion, such as somato-
statin in man59 and vasoactive intestinal polypeptide (VIP) in
man60 and horse,56 may increase with exercise. Additionally,
somatostatin may favor colonic electrolyte transport and
inhibit nutrient absorption.61

Potential exercise-induced changes in fluid absorption and
secretion within the gut may reflect changes in expression of
some regulatory hormones, and vice versa. Exercise increases
plasma levels of secretagogs, such as VIP and glucagon, in
the horse,56 and secretin, gastric inhibitory polypeptide, and
prostaglandins in man.59,62,63 On the other hand, atrial 
natriuretic peptide and aldosterone, which favor sodium
absorption, also increase during prolonged exercise in
horses.48, 64

Agents such as motilin,65 neuropeptide Y66 and prosta-
glandins63 can affect motility and are released during
endurance-type exercise in man. The effect of exercise on GI
motility can, therefore, be indirectly studied by measuring
endogenous expression of hormones that control intestinal
motility.

Finally, alterations of hormone levels may result from a
decrease in GIT blood flow, leading to decreased hepatic and
renal clearance.42 VIP56 and arginine vasopressin8 in horses,
and endothelin-167 and angiotensin II68 in other species, are
released during exercise and act as vasoconstrictors. The result-
ing decrease in blood flow may affect function and regulation of
the GIT.

Methods that could potentially be
useful in horses, based upon experience
in other species

Gastric motility and emptying

In contrast to the phenol red technique mentioned above,
barium contrast radiography69 and scintigraphy70 have the
advantage of non-invasiveness, and have been previously
applied to equine studies. An additional advantage of the latter

technique is the differentiation between solid- and liquid-phase
emptying.

Breath tests employing stable isotopically labeled tracers
are potentially very useful, since they are non-invasive, non-
radioactive, and easy to perform (Fig. 46.3). As it empties the
stomach, the 13C-enriched marker is readily absorbed in the
proximal intestine and metabolized to CO2. Thus, breath
13CO2 enrichment reflects the rate of GE of the labeled meal.
The effect of exercise on GE of carbohydrate meals marked
with 13C acetate has been studied in humans.71,72 The 
13C-octanoate breath test has been validated in the horse73

and its use in exertional studies is promising.
Imaging of the stomach by ultrasound has shown that

strenuous exercise disrupts gastric motility in man, although
the examination was done right after, rather than during, the
active exertion.74 Another available technique in humans is
electrogastrography (EGG), which consists of measuring
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Fig. 46.3
Results of simultaneous 13C-octanoic acid breath test and
gastric radioscintigraphy in three typical cases. (A) Rapid
gastric emptying rate (T1/2 = 0.73 h). (B) Normal gastric
emptying curve (T1/2 = 1.34 h). (C) Slow gastric emptying
pattern (T1/2

= 2.62 h). Scintigraphic data (•) on the left y-axis
and breath test data (�) on the right y-axis are plotted against
time.The continuous lines represent a modeled fit.
(Reproduced with kind permission from Sutton et al.73)
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gastric myoelectrical activity by electrodes positioned on the
surface of the epigastrium.75 Although both techniques as
applied to the stomach are unsuitable in the horse for
anatomic reasons, they could be potentially used to measure
cecal motility percutaneously – also known as electro-
cecography76 – during the recovery period after exercise.

Gastric secretion

Collection of gastric contents from cannulated dogs has allowed
constant measurement of acid and pepsin during exercise.36

This method could be useful in determining changes in acid
secretion and other gastric components in cannulated horses. It
would require that the animal be fasted, however.

Gastric ischemia

Air tonometry measures changes in luminal intragastric PCO2
and seems to be a more reliable indicator of gastric ischemia
than measuring splanchnic blood flow. Detection of ischemia
is based on the difference between arterial PCO2 and intra-
gastric PCO2, which better reflects mucosal balance between
needed and supplied levels of O2.77 It would be interesting to
apply this technique to the horse.

Intestinal transit and motility

Mouth-to-cecum transit time can be measured by the H2
breath test during exercise.78,79 For this test, lactulose, a non-
absorbable disaccharide, is added to the meal. Breath H2
starts rising when lactulose reaches the cecum and is
degraded by bacterial fermentation. Though fermenting bac-
teria are also present in the equine stomach and small intes-
tine, the cecum and the large colon are the primary sites of
microbial fermentation.80 However, not all horses exhale
excess hydrogen after ingestion of lactulose, so this technique
may not be reliable.81 Lactose, another disaccharide, has
been used as a marker for H2 breath test,81 since adult horses
appeared to be lactose intolerant.82 Yet the presence of brush
border lactase in the small intestine of adult horses has 
been recently reported,83 and also excludes the useful-
ness of this sugar to measure oro–cecal transit time. The 
lactose-13C ureide breath test (LUBT) is another method under
investigation in horses. The labeled lactose ureide reaches 
the large intestine intact, where it is hydrolyzed by bacteria, 
producing 13C-labeled CO2. In contrast to the H2 breath 
test, LUBT seems to be a repeatable and more reliable 
method.84

Motor activity of the intestinal tract can be studied by
several invasive techniques. For example, electrodes implanted
on the serosa of the gut can detect surface potentials or volt-
ages generated by the gastrointestinal muscle. These elec-
trodes measure two different patterns of electrical potentials:
slow waves, which reflect basal electric rhythm, and action
potentials, which correlate with contractions. By implanta-
tion of bipolar electrodes in dogs, slow wave patterns and the
migrating motor complex (MMC) of the proximal jejunum
have been studied in relation to exercise of different intensi-

ties.85 This technique has certainly been successfully applied
to horses,86 but not, as yet, to evaluate the effects of exercise.

Strain gauge transducers have also been secured onto the
serosa of the GI segment to be studied; they measure
mechanical instead of myoelectrical activity. They detect uni-
directional, isometric muscle contractions and monitor the
stress/tension applied by these muscle contractions on them.
Colonic MMCs have been evaluated during long-distance
exercise in dogs using this method.87 As with the serosally
applied electrodes, this technique has been used successfully
in horses,88,89 but never in association with exercise.

Manometers and transducers are used to measure changes
in intraluminal pressure, which are interpreted as contrac-
tions that generate them. This technique has been used to
study changes in the small intestinal MMC in dogs during
exercise.36 Unlike the methods mentioned above, this tech-
nique does not need surgical implantation so long as the GIT
section of interest is accessible by either mouth or anus.

Mucosal permeability and absorption

Intestinal permeability can be assessed non-invasively in vivo
by orally administered markers. These markers are cleared
unaltered by renal excretion, wherein their concentrations in
urine can be quantified over a specified postfeeding time
period to determine the amount absorbed. Appearance, or
not, of these markers in the urine will depend on the integrity
of the intestinal mucosa,90 since they are not absorbed
through the intact mucosa.

Polyethylene glycol (PEG) polymers of different molecular
weights have been widely used for assessment of permeability.
This marker is also used to determine net water absorption,
which is calculated directly by changes in PEG concentration
within the gut contents.91 PEGs of high molecular weights have
also been used as markers of gastrointestinal transit time in the
horse.92 PEG is not, however, an ideal marker for these kinds of
studies, since its purported size can be somewhat variable, and
too large a dose can induce an osmotic hypersecretion. 93

Sugars are also commonly used as probes to evaluate intes-
tinal integrity. Disaccharides, such as lactulose, and monosac-
charides, such as L-rhamnose, D-xylose, 3-O-methyl-D-glucose
and mannitol are used to assess both transcellular and paracel-
lular transport capacity across the intestinal mucosa. Their
natural transport across the epithelium may be impaired by cel-
lular damage, whereas necrosis may facilitate their passive
movement into the bloodstream due to compromise of the
mucosal barrier. Sugars have been used in humans to study the
effect of running and cycling on intestinal transport.94,95

Agents such as these are preferable over PEG because of their
uniformity of respective size, making them better discriminators
at specific sites of GIT permeability. However, results of these
tests should be regarded with caution when they are applied to
the horse, since sugar absorption may be highly variable among
individuals.81 This variability most probably originates from
regional variations in the GIT microbial population among
horses, particularly in the stomach.80

Finally, isotopic tracers like 51Cr-labeled ethylenediamine-
tetra-acetic acid (51Cr-EDTA) and 99mTc-diethylenetriamino-
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penta-acetate (99mTc-DTPA) can be added to drinks and used to
measure unidirectional flux, from the intestinal lumen to the
vascular compartment. Although the activity of these tracers in
blood is readily measured, their radioactive character is a clear
disadvantage90 largely limiting application to a laboratory
setting.

Exercise and
gastrointestinal function:
what is known in other
species that is pertinent to
horses

Gastric motility and emptying

Different GI symptoms occur in as many as 30–50% of
human participants in endurance events.96 Lower GI symp-
toms, which include diarrhea, rectal incontinence, urge to
defecate, rectal bleeding, and abdominal cramps, are more
common than upper GI symptoms, such as gastroesophageal
reflux, nausea, vomiting, and stomach pain. A direct effect of
exercise on GI motility has been hypothesized to explain
many of these disorders. Because of this high prevalence and
the severity of some of the symptoms, many experiments
have focused on the study of GI motor function and transit. In
the horse, exercise does not seem to directly result in signs of
GI disturbance, but this observation should not exclude the
possibility of GI alterations in response to the high demand
imposed on the horse’s body. Dehydration, musculoskeletal or
metabolic disorders may mask mild GI tract dysfunction
during long, intense exercise.

During moderate exercise (less than 75% V̇O2max), gastric
emptying in man occurs at a rate similar or slightly greater
than that during rest.97 However, more intense exercise
appears to inhibit gastric emptying.17,97 In equine events
where oral supplementation with electrolyte and carbo-
hydrate solutions may be important to compensate a deficit of
water, electrolytes, and carbohydrates, the rate of gastric
emptying may limit the availability of administered fluids.98

Solutions with higher carbohydrate concentration seem to
delay gastric emptying in humans,34 though increasingly
larger volumes leave the stomach at faster rates.33,99 Pyloric
closure and reduced antral contractions, observed by ultra-
sound after exercise, may be in part responsible for the delay
in GE in humans.74 In horses, solid meals ingested before
exercise may be retained within the stomach for prolonged
periods, favoring their bacterial fermentation, with produc-
tion of volatile fatty acids and lactic acid, which may be dele-
terious to the squamous gastric mucosa.100 By contrast, GE of
fluid does not seem to be affected by exercise. Sosa et al35

reported that GE of a single dose of isotonic fluid adminis-
tered after intense exercise (70% V

•
O2 max) in the horse did not

differ from rest, which suggests that GE is not a limitation for

rehydration. However, as discussed by the authors of this
study, the results were highly variable, suggesting high
measurement error due to the technique.35

Intestinal motility and transit

In humans, inactivity has often been considered a cause of
constipation; conversely, physical activity seems to promote
colonic transit. Soffer et al found that bicycle exercise could
convert the motor-fed pattern of the small intestine into a
migrating motor complex (MMC), and that this effect was
intensity related, although there was no effect on oro–cecal
transit time.79 By contrast, Moses et al observed that
moderate and intense treadmill exercise delayed small intes-
tinal transit in humans.101,102 In a study performed in fed
dogs, moderate treadmill exercise decreased jejunal myo-
electric activity only when exercise was prolonged beyond
30 minutes, and this inhibitory effect continued during
recovery.85 Furthermore, prolonged exercise induced MMCs
characteristic of the interdigestive motor pattern in the
jejunum of fed dogs,85 whereas it can interrupt MMCs in the
stomach and duodenum of fasted dogs.36 Therefore, exercise
can alter motor activity, which may explain some of the GI
symptoms associated with exercise in humans.

Increased stool frequency and diarrhea induced by strenu-
ous exercise in humans has been attributed to accelerated
colonic transit time, or alternatively, to changes in absorption/
secretion by the intestinal epithelium.96 Acute graded bicycle
exercise decreases colonic phasic motor activity in an intensity-
dependent way. This may facilitate transit by offering less resist-
ance to colonic flow. After the end of exercise, propagated
activity is increased, and this also may enhance colonic propul-
sion.103 In fasted dogs, exercise decreases the frequency of
colonic MMCs, and stimulates non-migrating colonic contrac-
tile activity within 3 hours after ingestion of a meal. Exercise
also stimulates defecation, giant migrating contractions and
mass movements in the colon, in both fasted and postprandial
states.87

Current knowledge regarding exercise-induced changes in
GI motility in the horse is meager. Pearson and Merritt
studied the effect of a 14-km walk in donkeys, and neither GI
transit nor the digestibility of hay was affected.30 On the
other hand, Pagan et al showed that 8 km of trotting and
galloping by a group of Thoroughbreds resulted in a small,
but significant decrease in dry matter digestibility, whereas
transit rates of both a forage diet and a forage/grain diet were
increased at 24 hours after the exercise.32 Finally, Orton et al
studied the effect of 12-km daily trotting in yearling horses.
Exercise increased apparent digestibility of dry matter, and
increased the transit rate of particulates, but decreased the
transit rate of the fluid phase (Fig. 46.4).31

As mentioned, release of catecholamines and �-endorphins
into the bloodstream, and stimulation of the sympathetic
nervous system occur in the horse and in other species in
response to exercise. This effect correlates with intensity of exer-
cise and diminishes with continued training.47–50 Each of the
components of this stress response affects gastrointestinal
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motor function. Inhibition of gastric emptying and stimula-
tion of colonic motor function are the characteristic pattern
in response to different stressors. Central CRH seems to be a
main component in the induction of this stress-related motor
response. In some studies, CRH modulation of autonomic
nervous system activity was found to be independent of acti-
vation of pituitary–adrenal hormone release.104 Alexander 
et al measured plasma concentrations of CRH and ACTH in 
the horse during and after acute intense exercise; ACTH 
was elevated, whereas CRH concentrations were not differ-
ent from resting values.8 However, as suggested above,
central rather than peripherally circulating CRH may be
responsible for the GI motor changes104 and could be involved
in the exercise-induced changes in GI transit documented in
horses.31,32

Gastrointestinal blood supply

Reduced splanchnic blood flow during high-intensity exercise
may also play a role in slowing the rate of gastric empty-
ing. Manohar et al reported a significant reduction in splanch-
nic blood flow during moderate exercise in the horse 
(Fig. 46.5).43 Likewise, acute exercise decreased the clearance
of BSP from the blood in an intensity-dependent manner in
horses as a result of decreased splanchnic blood flow 
(Fig. 46.6).46 Splanchnic vasoconstriction in the horse may be
induced by epinephrine (adrenaline) and norepinephrine
(noradrenaline),7 or by release of hormones such as arginine
vasopressin,8 and VIP.56 Endothelin, another potent vasocon-
strictor released by endothelial cells, increases with exercise in
humans105 and horses.106 Its effect should be further investi-

gated in horses, especially in view of a recent study that
demonstrated a significant association between plasma
endothelin-like immunoreactivity and pathogenesis of certain
GIT disorders.107

Reduced blood flow during exercise also disrupts intestinal
absorption. Carrier-mediated glucose uptake decreased with
intense cycling in humans.108 This decrease in absorptive
capacity may be a consequence of impaired blood flow and
insufficient energetic supply for glucose active transport, which
relies on ATPase activity, and could: (i) prevent adequate plasma
volume restitution, or; (ii) increase osmotic pressure within the
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Fig. 46.5
Blood flow to pancreas and various gastrointestinal tract
tissues in standing (rest) and exercised horses (n = 9 horses).
(Reproduced with kind permission from Manohar et al.43)
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Fig. 46.4
Effect of exercise on rate of passage of fluid (A) and particulate (B) digesta.
(A) Concentration of 51Cr-EDTA in the feces of exercised (broken red line) and non-exercised (solid black line) yearling horses.
Four animals per group. (B) Concentration of ruthenium (Ru)-phenanthroline in the feces of exercised (broken red line) and 
non-exercised (solid black line) yearling horses. Four animals per group. Exercise: 12 km trotting at 12 km/h.Transit of the fluid 
phase marker (A) was delayed in exercised horses, whereas transit of the particulate phase marker (B) was accelerated.These
results are supported by Pagan et al,32 who observed that fecal excretion of the particulate marker ytterbium was accelerated in
Thoroughbreds trotted and galloped for 8 km/day. (Reproduced with kind permission from Orton et al.31)



gut, which could result in diarrhea or loose stools.42,109 On the
other hand, 1 hour of exercise on a treadmill at 71% V̇O2max 
did not affect glucose, D-xylose, water, sodium, chloride and
bicarbonate intestinal uptake in humans.110 In the horse,
impaired glucose absorption could lead to its accumulation
within the intestinal lumen, creating an osmotic load and/or an
increase in the substrate available for bacterial digestion within
the large intestine. However, it is unlikely that this would have
any significant detrimental effects on the animal.

Mechanical factors

Mechanical bouncing of the body during exercise or compres-
sion of the viscera by abdominal muscles may also affect GI
motility, since GI symptoms in humans occur more frequently
during running than cycling events. Some cases of postrunning
volvulus have been reported in humans.109 Although light exer-
cise has often been used as a way to facilitate passage of gas and
promote transit in the large intestine of sick horses, strenuous
exercise may promote excessive visceral movement. This, espe-
cially if combined with GIT dysmotility, could potentially
promote intestinal displacement. The amount of colonic filling
could have an influence on this bouncing effect.

Increased concentrations of prostaglandins and VIP,
released by rubbing of the intestinal mucosa and disten-
sion,109 may shift intestinal absorption into secretion.
Upregulated expression of these agents in the horse, espe-
cially within the distal large intestine, could theoretically
result in diarrhea.

Mucosal barrier integrity

Fecal occult blood has been documented repeatedly in
endurance athletes, but its etiology is still unknown. However,
the stomach is the most frequent site of running-associated
hemorrhage in humans, possibly due to ischemic damage or
trauma from the diaphragm.96 Bleeding may reflect pro-
nounced tissue damage. Inadequate perfusion to the intestinal
epithelium can compromise the protective barrier function.
Compromised barrier function might also facilitate bacterial
and endotoxin translocation and initiate a local immune
response. Subsequent production and release of inflammatory
mediators would exacerbate this whole process. Reduced
mesenteric blood flow may also generate O2 free radicals,111

which can also contribute to tissue damage. For example, run-
ning by some human subjects at 80% V̇O2max increased small
intestinal permeability of lactulose compared with rest and
running at 40 and 60% V̇O2max. Since lactulose crosses the
epithelium only paracellularly, its increased transport is a strong
indication of breakdown of the small intestinal barrier.112

To date, no studies have been done to investigate the effect of
exercise on the integrity of the mucosal barrier in horses.

Clinical implications of
exercise-associated changes
in gastrointestinal function

As has already been alluded to, the anatomically and physio-
logically complex ceco-colon of horses could, in particular,
predispose them to GIT disturbances during athletic training
and competition. Undoubtedly a major confounding factor in
this consideration is the feeding program, especially abrupt
changes in diet composition or feeding routine. In fact, with
respect to incidence of colic, the majority of the recent epi-
demiologic studies more strongly indicate change in feeding
program than type or duration of athletic activity as a 
high risk factor.113–117 Concerning the effect of exercise,
Cohen et al114 reported that primary use of the horse was not
significantly associated with colic, although they then
remarked that horses with colic were significantly more likely
than control horses to have had a change in activity level
during the 2-week period prior to examination. Likewise,
Tinker et al116 found that horses used for eventing or training
had a significantly higher incidence rate of colic when com-
pared to mature horses that were sedentary. This is not to say
that the origin of the problem in all these cases was large
intestinal (there was no information on site in the report) but,
because of that organ’s complexity, it must be considered as a
highly likely origin nonetheless.

Anatomic considerations

From an anatomic standpoint, the fact that a large section of
mid-colon floats freely within the abdominal cavity makes it
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Fig. 46.6
Mean (±SD) plasma concentrations of bromsulfalein (BSP) for
eight horses exercising on a treadmill at four intensities.
Bromsulfalein (5 mg/kg of bodyweight) was administered, i.v.,
during a 45- to 60-second period. �, Resting; □, 40% V̇O2max;
Δ, 60% V̇O2max; ∇, 80% V̇O2max. (Reproduced with kind
permission from Dyke et al.46)
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prone to various forms of displacement that can result in serious
colic. Whether any of these conditions may result from, for
example, a combination of physical characteristics of the con-
tents therein (e.g. collected sand; the gas : ingesta ratio) and
type of exercise the horse is asked to perform remains to be
established.

Physiologic considerations

From a physiologic standpoint, at least three areas deserve
attention in future research on the effects of exercise on GIT
function in horses. The first concerns factors that determine
daily net water movement across the gut mucosa, between
lumen and plasma. It is a common practice to withhold food
hours before an event to decrease gut fill, and consequently,
bodyweight. However, eating before or during a competition
may have beneficial effects, as observed in human endurance
athletes.118 Ingestion of food may attenuate the reduction in
blood flow induced by moderate to severe exercise.119

Accordingly, blood flow to the digestive tract during exercise
seems to be higher in fed than fasted ponies.119 Fed horses
may start with elevated blood flow of the GI tract, so that the
impact of exercise on blood distribution is not so marked.
Ingestion of food is accompanied by saliva production, and
gastric and pancreatic secretion.

Forage stimulates more water ingestion and digestive
secretions than concentrate meals.120 Factors which deter-
mine daily net water flux across ceco-colonic mucosa are
complex and are characterized by regional compartmental-
ization.121 Such factors include timing and composition of

ingested food which impact directly on fermentative activity,
water and electrolyte status of the horse, and efficacy of
gastrointestinal motility. For instance, Clarke et al have
shown that during early postprandial stages of a large meal of
balanced ration pellets, the VFA production from its fermen-
tation within the colons may outstrip the subsequent VFA
absorption, resulting in a large flux of water into the colonic
lumen from the plasma space.122 This can deplete plasma
volume to a point where renin–angiotensin and aldosterone
are released to promote plasma water conservation, the
degree of which may be great enough to result in significant
rebound dehydration of distal colonic contents (Fig. 46.7).123

Combine a strenuous training session on top of this, and you
have the makings of a serious impaction. By contrast, when
that same meal was split into small volumes and given over
12 hours, mass movement of plasma water into the colons
did not occur.122

Second, the effect of exercise on increasing GI mucosal
permeability in humans has been discussed earlier in the
chapter. So far, no untoward effects from this have been doc-
umented in people, and this would certainly appear to be the
same for horses, should it occur. However, it is safe to assume
that there is, at any given time, a much greater load of endo-
toxin within the equine ceco-colonic lumen than in that of
humans.124 Detrimental effects of endotoxemia in horse are
well recognized and include leukopenia, hypotension, intes-
tinal dysmotility and hypersecretion, and laminitis.124,125

Clearly, if athletic activities consistently caused signs indica-
tive of endotoxemia in a large number of horses, the beast
would not be used for the many things humans ask of it.
However, it would still be important to know if exercise, 

1022
Gastrointestinal system

* * *

* * *

1.5

1.0

0.5

0

Pl
as

m
a 

re
ni

n
ac

tiv
ity

 (n
g/

m
L/

h)

12
10

8
6
4
2
0

1.0

0.5

0

–0.5

–1.0

Pl
as

m
a 

al
do

st
er

on
e

co
nc

en
tra

tio
n 

(n
g/

dL
)

N
et

 tr
an

sm
uc

os
al

 w
at

er
ex

ch
an

ge
 –

 v
en

tra
l c

ol
on

 (L
/h

)

Feeding

Time (h)
0                2                 4                 6                8                10               12

Fig. 46.7
Postprandial activation of the
renin–angiotensin–aldosterone system superimposed
on net fluid transport in pony ventral colon. Rapid
accumulation of bacterially produced volatile fatty
acids within the colon after ingestion of a single large
meal results in net flux of water from the plasma
compartment into the colonic lumen. In response to
this plasma volume depletion, renin–angiotensin and
aldosterone are released to promote water
absorption from the luminal compartment back into
the vascular system.Addition of strenuous exercise
during this period could exacerbate dehydration of
colonic contents, and therefore, increase the risk of
colonic impaction. [*Significantly (P < 0.05) greater
than preceding value.] (Reproduced with kind
permission from White.123)



especially if strenuous, does cause a degree of endotoxemia
that could be clinically important.126 This suggestion is
further supported by the observation that physical stress
enhances colonic epithelial permeability in rats via peripheral
release of CRH.127 Accordingly, Baker et al128 reported in
1988 that a group of racing-fit horses had significantly
higher serum anti-lipopolysaccharide antibody concentra-
tions than a similar group of horses that were not trained,
suggesting that increased intestinal permeability could have
occurred as a result of their repeated exertion. More studies
following up on this important observation need to be done.

Third, the transient defecation of non-formed, sometimes
quite watery feces from some horses when they are subjected
to a training session or race environment is a well-recognized
phenomenon. It is usually of little consequence to the horse,
but can be very bothersome to owners and trainers, espe-
cially when it occurs during a public display. Commonly, it is
attributed to ‘nerves,’ which could be one reasonable expla-
nation. Nonetheless, this is an exercise-related event and 
it would be interesting to know its functional basis because it
might be controllable. Probably the first place to look would
be the small colon, where final desiccation of colonic con-
tents takes place resulting in the formation of the fecal balls.
This process involves a coordinated interaction between
mechanisms that control motility and net transmucosal
water flux; this is undoubtedly closely monitored by the
enteric nervous system, much of which we still need to learn
about with respect to equine small colon function. What we
do know is that at least some of the water absorption is
determined by a Na+/K+-ATPase pump, the functional status
of which is under the control of aldosterone.25 It seems
unlikely, however, that the transient, exercise-related loose
feces problem would be due to a downregulation of this
system. More likely possibilities would be either a small colon
dysmotility that allows more rapid passage of contents
through the organ, the upregulation of a secretagog such as
CRH, VIP, or some combination thereof.56,104,126,127
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properly recognize their presence by the horses’s behavior
in harness. Lugging, side reining, ptyalism and tenderness
about the seat of the bit are manifestations of pain from
the bridle. The aim in dressing the teeth of a horse should
be to simply blunt the enamel points along the course of
the arcades and to round up the first superior and inferior
molars as smooth as ivory.1

Bits and bridles

For more than 5000 years, the bit and reins have been used
to transmit cues from the rider or driver to the horse. Bits are
grouped under two basic types – snaffle and curb.2,3

Snaffle bits have only one cheek ring that connects to the
bridle, and reins, and the mouthpiece can be either jointed or
solid. Curb bits are leverage bits that provide a mechanical
advantage to the rider. They have two sets of bit rings with
the upper ring attaching to the bridle and the lower rings to
the reins. A curb chain or strap goes under the horse’s chin.
The ratio between the length of shank from upper ring to the
mouth piece and down to the lower ring and reins determines
the mechanical leverage that is employed. Depending on the
bit type used, a pull on the reins can put pressure on 
the tongue, hard palate, bars, lips, chin groove, bridge of the
nose, or poll. Hackamores, cavesanes, bosals and nosebands
place pressure on the cheeks (Fig. 47.1).

Dental anatomy

The equine species has unique tools to detect, prehend, mas-
ticate and initiate the digestion of grass during frequent
grazing. These unique tools include molarized hypsodont
cheek teeth, facial bone construction, tactile and prehensile
lips, muscles of mastication, tongue, hard palate, olfactory
organs, taste buds, salivary glands and ducts, blood, lym-
phatics and nerves that support them.

Introduction

Today’s performance horse is involved in a wide variety of dis-
ciplines. In most disciplines, horses carry bridle and bit for
guidance and control. If a horse is to respond correctly to
subtle pressures placed on the bit by rider or driver, it must
have sound dentition and a healthy oral cavity.

Sound dentition is of such importance that every perfor-
mance horse pre-purchase examination should begin at the
head and include an evaluation of the mouth and temporo-
mandibular joints. Oral and dental problems can lead to bad
habits and vices, such as resisting the bridle, being sensitive
around the poll, and head shaking. Serious problems can
compromise and even end a horse’s performance career.

Many serious problems can be prevented with annual oral
examinations which lead to early detection and correction of
dental problems. Treatment varies from simple procedures with
immediate positive results to prolonged and expensive proce-
dures that might not be successful. Horses used for breeding
should be selected for sound dentition. The inherited or congen-
ital nature of some oral and dental conditions should exclude
some horses from being retired to a breeding status.

Over 100 years ago, Merillat in his thesis on horse denti-
tion accurately summarized the importance of teeth in the
management of the performance horse.

In drivers, runners and saddle horses, sharp teeth are of
greatest sources of annoyance. The expert reinsmen will
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The horse is anesognathic, meaning the bottom jaw is
more narrow than the upper. The molar tables are sloped at a
10–15 degree angle from dorsal lingual to buccal ventral. As
the horse chews, the jaw moves in a rotating motion from
side to side with limited rostral-caudal excursion. The extent
of lateral excursion of the mandible during normal mastica-
tion is affected by the feed being consumed. A horse on
pasture or being fed hay has a full or wide area of mandibu-
lar excursion while horses eating pellets or concentrates have
a limited amount. Horses on pellets or limited long-stemmed
roughage are apt to have incomplete wear of the molar
surface, which predisposes the arcades to sharp enamel
edges, vaulted ceiling of occlusion, and/or shear mouth.4

The mature mouth of a horse contains three upper and
three lower incisors and six upper and six lower cheek teeth
on each side of the mouth. The rostral three cheek teeth are

premolars and the caudal three are molars. Premolars have
deciduous and permanent sets while molars come in at an
older age and only one set is present. The premolars and
molars of the upper jaw are broad and square and contain
two infundibula. The lower cheek teeth retain a more narrow,
rectangular shape. Equine males normally have two upper
and two lower canine or bridle teeth, while mares generally
do not.

The Modified Triadon three-digit system of dental nomen-
clature has been used to designate equine teeth. The first digit
designates the quadrant and arch location and whether the
teeth are deciduous or permanent. For adult teeth, the quad-
rants are numbered from 1 to 4 in a clockwise direction,
beginning at the right maxillary quadrant. For the deciduous
teeth, these quadrants are numbered 5 through 8. The teeth
in each quadrant are numbered from the central incisor (01)
to the last molar (11). For example, the upper right perma-
nent second premolar would be designated as 106.

A hypsodont tooth has a long anatomic crown and a rela-
tively short root. Much of the crown is held in reserve in the
alveolar bone with the root. The root apices complete their
development in early middle age (normally 6–9 years). Once
fully formed, the tooth no longer grows in length, but contin-
ues to erupt as occlusal wear takes place, usually at the rate
of 2–3 mm per year. The reserve crown length is 80–90 mm
in an unworn first molar tooth.5–7

Oral examination

All horses should have their oral cavity examined every 6–12
months, with proper dental maintenance performed as
needed. The examination findings should be recorded as part
of an effort to formulate an appropriate treatment protocol
and to monitor progress after treatment (Fig. 47.2).

Clinical signs that a horse is suffering from dental prob-
lems include abnormal head carriage, taking a long time to
eat, dysphagia, dribbling feed, quidding forage, eating hay
before grain, and being reluctant to drink cold water because
of dental pain.8

Proper mechanical digestion of feed allows better carbo-
hydrate absorption in the small intestine and improved fiber
fermentation in the cecum and large colon. If the horse is
masticating properly examination of the horse’s manure
should not reveal whole grain or stem particles longer than
5 mm. Chronic colic or choke can result from improper mas-
tication of feed due to dental problems.

A horse’s overall condition should be evaluated in light of
its use and dietary intake as part of a dental examination.
Temperament should also be noted. Breed, body type and
head conformation should be considered in evaluating the
masticatory system. Horses with small heads have more of an
angle in the curve of the mandibular ramus (curvature of
Spee) and are predisposed to dental crowding and ramps on
the lower dental arcade.9

Age is a factor, with different conditions arising at various
stages of development and maturity. Use, especially if the
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Fig. 47.1
(A) A double
bridle.The
mouthpiece of the
snaffle bit or
Bridoon is broken
or hinged in the
middle and
wrapped with a
strand of copper
wire.The
mouthpiece of the
curb bit or
Weymouth has a
medium port to
give the tongue
some relief.The
reins are hanging
in the curb chain.
(B) Show horse
working in a
double bridle.The
upper set of reins
is attached to the
snaffle or Bridoon
bit and is used to
turn the horse.
The lower set of
reins attaches to
the leverage bit or
Weymouth and is
used to set the
horse’s head
position.

A

B
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Fig. 47.2
Dental record form utilizing the Modified Triadan System of Dental Nomenclature.



horse is worked in bridle and bit, should be given consideration.
Additionally, stable surroundings should be carefully observed
for evidence of vices, such as cribbing or poor eating habits.

The head should be observed from both sides and the front
for symmetry, protuberances, or swellings. Epiphora should
be noted as well as any nasal discharge. Neurologic evalua-
tion should be considered if any cranial nerve deficit is
detected. External palpation of the head should be performed.

The frontal and maxillary sinuses should be percussed
with the mouth open. The width between the mandibular
rami should be noted as this is possibly correlated with room
for the bit. The sides of the head lateral to the upper dental
arcades are palpated, beginning at the orbit and moving
forward to the first cheek tooth at the level of the nasal notch.
Any protuberance, depression, asymmetry or evidence of
pain should be noted. The commissures of the lips should be
observed and palpated for evidence of trauma from sharp
teeth or improperly fitting bits.

The oral examination should begin with rinsing the
mouth, taking note of volume, consistency and odor of mat-
erial flushed. A loose-fitting halter is necessary to properly
evaluate the oral cavity. After observing the incisors for
approximate age, they should be evaluated for symmetry and
evenness of wear. The diastema or interdental space should
be observed for canine teeth or remnants as well as bar
enlargements, blind wolf teeth, unerupted canines, or thick-
ening of the palate. The tongue should be observed for lesions
from bits, sharp teeth, or tongue ties. The upper rostral
arcades should be thoroughly palpated for detection of wolf
teeth, hooks, and/or sharp buccal cusps.

Range of motion of the mandible is evaluated by hold-
ing the head stationary with one hand while sliding the
mandible from side to side with the other. Resistance or
abnormal incisor separation during this maneuver should 
be noted.

To complete the oral examination, a full mouth speculum
should be applied and the mouth examined digitally and
visually with a flashlight or headlamp (Fig. 47.3). An endo-
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Fig. 47.3
Complete oral
examination
requires the use
of a full mouth
dental speculum
and good light
source.The oral
cavity should be
inspected both
visually and with
a digit to detect
both dental and
soft tissue
abnormalities.

Fig. 47.4
(A) A swollen chin groove from severe curb chain trauma. (B) Tongue bruising from severe pressure on a curb bit. (C) Severe
mucosal and osseous trauma to the interdental space and bar.This young Tennessee Walking Horse had been worked in a curb bit
with a broken or hinged mouthpiece. (D) Extensive trauma to the commissure of the lips due to misuse of a damaged snaffle bit.
(E) Cheek trauma from a snaffle bit being pulled against sharp enamel points on the buccal edges of the upper dental arcade.



scope or buccal retractor and mirror may aid in a more
detailed examination.

If areas of impacted or trapped feed are present, they
should be removed with the examiner’s digit or a dental pick
and the mouth rinsed completely. Horses with sharp buccal
points on the upper dental arcades resist the full mouth
speculum and floating the upper arcades early in the exami-
nation may be beneficial.

Diagnostic radiology is a valuable aid. Good-quality films
can be obtained with portable X-ray machines and rare earth
intensifying screens without a grid. Indications for head radi-
ology are any suspicions of dental infection, facial swelling,
deformity, neoplasm, trauma or fracture, maleruption of teeth,
or oral pain of unknown origin. Radiographs should be taken
before and after dental extraction.

Oral injuries

Injuries to the lips, tongue and buccal mucosal can be caused
by sharp enamel points or rough use of the bit. Tongue
damage can be performance limiting (Fig. 47.4). A tongue
can protrude from the mouth secondary to hypoglossal nerve
paresis, hyoid bone injuries, a drooping lower lip, or missing
canine or incisor teeth. Tongue lacerations can be repaired if
the blood supply to the rostral portion of the injury is ade-
quate. The rostral aspect of the tongue can be amputated up
to the frenulum without compromising function.10

Injuries to the bars are most often bit induced. Acute bar
injuries cause swelling and pain. Bar lacerations or fracture
are common. More chronic cases develop scar formation or
exostosis in the interdental space. Some injuries lead to bone
sequestrum formation with a draining tract.11–13

Bar injuries may be diagnosed by careful palpation and
radiography. Conservative treatment of bar injuries may con-
sist of bit changes. Cases that do not respond to conservative
therapy might require surgical correction.14

Dental floating

The main purpose of molar floating or leveling is to remove
sharp enamel points from the buccal aspect of the upper and
lingual aspect of the lower cheek teeth. Floating might also
entail removing minor hooks or ramps from the rostral or
caudal aspect of the arcades or leveling minor elevations on
the occlusal surface of the arcades.

Float blades made of carbide chips or solid tungsten
carbide make the work of floating more efficient. The out-
ward curve of the upper arcade makes the central buccal
area involving PM3 through M2 the easiest to reach with the
float. To reach the rostral aspect of upper PM2 (106 and 206)
and the caudal aspect of lower M3 (111 and 211) requires an
offset or angled head on the rasps. In most cases, floating the
lower arcade to remove the lingual enamel points can be done
with a flat, long-handled rasp.

The mouth speculum or a dental wedge can make floating
easier if the horse closes its mouth on the float. In horses with
slightly ramped back teeth due to a greater curvature of Spee,
a mouth speculum and a slightly curved or swivel head float
might be needed to reach the table of the last two or three
molars.15

For correction of rostral and caudal hooks, solid carbide
blades and power burrs might be necessary. In performance
horses, a seat for the bit is made by rounding the first upper
and lower cheek teeth and lowering of the buccal cusps from
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Fig. 47.5
(A) Fingers placed on the outside of
the horse’s face, outlining wolf tooth
position.This horse reluctantly wore a
flash noseband. (B) Buccally displaced
sharp wolf tooth.This tooth was
extracted and the horse had
immediate relief from noseband
discomfort.



upper PM2 to PM3 (106, 206 to 107, 207). The dental con-
touring requires an offset head float or an S-shaped rasp.
Floating and other corrective measures may require the
physical restraint of dental halter and/or sedation.

Wolf teeth (rudimentary
first premolars)

Wolf teeth (105 and 205) can cause difficulties if sharp or
displaced (Fig. 47.5). They can cause buccal mucosa pain
when pressure is applied to the bit. If erupted, their presence
causes a problem in creating a bit seat on the rostral edge of
PM2 (106 and 206) (Fig. 47.6). Clinical experience indicates
the incidence of upper wolf teeth is at least 80% in horses
1–3 years of age. They usually erupt between 6 and 18 months
of age and, typically, are positioned just rostral to the first
cheek tooth. Lower wolf teeth (305 and 405) are occasion-
ally positioned rostral to the first cheek tooth in the mandible.
Unlike incisors and cheek teeth, wolf teeth (and canine teeth)
are brachyodont or short crowned, with no reserve crown. As
a result, they do not continue to erupt throughout the horse’s
life. Unerupted or blind wolf teeth can be as troublesome as
those visible on dental examination.

Commonly, wolf teeth are removed from horses between 
11/2 and 3 years of age before a bit is introduced. Tools used
for wolf tooth extraction include a cylinder- or Burgess-type
wolf tooth elevator set, a dental root elevator, and a pair of
small dental extraction forceps (Fig. 47.7).

The first objective in extraction is to cut the gingival attach-
ment to the crown of the tooth. This is best achieved by placing
a cylinder-type punch extractor over the crown. A dental root

elevator is then introduced deep into the alveolus to loosen the
tooth from its periodontal and alveolar attachment. Once freed,
the tooth can be elevated from the dental socket either by the
root elevator or with the use of extraction forceps. The process
should not be attempted by using the first cheek tooth as a
fulcrum, as this increases the risk of fracturing the wolf tooth
root. Care should be taken to avoid damaging the soft tissues of
the mouth during extraction. Misguided use of instruments can
easily lacerate the palatine artery which runs the length of the
hard palate immediately axial to each upper arcade.

The procedure for extraction of blind or unerupted wolf
teeth is similar to that for erupted teeth. Evaluation of the 
size and position of the unerupted teeth may be aided 
with radiography. Proper restraint during the procedure
includes chemical sedation and assistance from a trained
handler.

Canine teeth

Canine teeth (104, 204, 304, and 404) are present in most
male horses over 41/2 years of age. They normally cause few
problems. The upper canine is located in the juncture of the
incisive and maxillary bones with the lower canine positioned
just rostral. Some mares have small rudimentary canines
that generally do not cause problems unless they become
loose or accumulate tartar. Long or sharp canines in a stal-
lion or gelding can interfere with bitting.

In older horses, the crown enamel can become worn and
pitted, allowing tartar accumulation and gingivitis. By pol-
ishing or grinding down the canines, these problems can be
avoided. Care should be taken not to shorten the canines to
such an extent that the pulp is exposed or the tongue is
allowed to protrude from the mouth (Fig. 47.8). Erupting
canine teeth in the 4- to 6-year-old horse can cause subgingi-
val pain and bit irritation which often is manifested by head-
shaking or other bad habits. The mucosa should be removed
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Fig. 47.6
A sharp upper
wolf tooth just
rostral to the
upper second
premolar.

Fig. 47.7
Two extracted upper wolf teeth and the set of extraction
instruments used to remove the teeth.



over canines if gingival eruption cysts are present (Fig. 47.9).
This problem was reported by Percivall over 100 years 
ago:

I was requested to give my opinion concerning a horse,
then in his fifth year, who had fed so sparingly for the last
fortnight, and so rapidly declined in condition in con-
sequence, that his owner, a veterinary surgeon, was under
no light apprehensions about his life. He had himself
examined his mouth without having discovered any defect
or disease, though another veterinary surgeon was of the
opinion that the difficulty or inability manifested in masti-
cation, and the consequent cudding, arose from the pre-
ternatural bluntness of the surfaces of the molar teeth,

which were, in consequence, filed but without beneficial
result. It was after this that I saw the horse, and I confess
that I was, at my first examination, quite as much at a loss
to offer any satisfactory interpretation as others had been.
While meditating, however, after my inspection, on the
apparently extraordinary nature of the case, it struck me
that I had not seen the tusks. I went back into the stable
and discovered two little tumors, red and hard, in the situ-
ation of the inferior tusks, which, when pressed, gave the
animal insufferable pain. I instantly took out my pocket
knife and made crucial incisions through them both,
down to the coming teeth, from which moment the 
horse recovered his appetite and, by degrees, his wonted
condition.16
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Fig. 47.8
(A) A severely worn lower canine
tooth crown on a 16-year-old
gelding.This show horse dropped
his tongue out when wearing a
curb bit. (B) A titanium cap placed
over the worn canine tooth crown
to help support the horse’s
tongue.This technique allowed the
horse to show successfully.

A B

A B

Fig. 47.9
(A) Upper canine tooth eruption cyst on a 7-year-old Saddlebred gelding.The horse exhibited head tossing behavior when driven in
a snaffle bit and overcheck. (B) The eruption cyst was opened and the mucosa removed from over the erupting canine tooth.The
horse responded well to this treatment.



Caps (deciduous teeth)

The premolars and incisors should be closely evaluated when
examining the dentition of horses of 2–4 years of age as these
teeth are shedding their deciduous caps. The caps normally are
shed in sets of four; one cap from each arcade. Generally, the
shedding time is as follows: 21/2 years for the first set (506,
606, 706, 806); 3 years for the deciduous 07s, and 31/2 to 4
years for the deciduous 08s. Irregular shedding, if not cor-
rected, can lead to severe problems in the development of the
permanent arcade. Clinical signs that indicate retained or loose
caps include feed being impacted under the caps, excessive sali-
vation, oral malodor, tilt of the head, dribbling feed, tongue
lolling, and ill response to the bit.

To detect problem caps, one should palpate along the
lingual surface of the premolars and cheek for pain. If a cap
is present, an indentation at the gingival line will demarcate
between the deciduous premolar cap and the erupting per-
manent tooth. Ideally, one will feel and visualize the demar-
cation midway between the gingiva and the occlusal surface
of the cap. If this indentation is below the gum, removal 
of the upper cap could result in exposing the premature per-
manent premolar with an underdeveloped infundibulum.

To remove caps, an extraction forceps is clamped firmly on
the base of the cap and gently rocked lingually. Care should
be taken not to place the forceps below the level of the gingiva
as the palatine vessels along the upper arcade could be
disrupted upon clamping, resulting in potentially severe
hemorrhage. Rolling the cap toward the lingual surface will
reduce breakage of the buccal roots (slivers) of the cap 
(Fig. 47.10).

Abnormal dental wear
patterns

The most common abnormal dental wear pattern is forma-
tion of rostral upper overgrowths (hooks) on PM2 (106 and
206). A hook can begin as a ramp or a small enamel point 
or beak, depending on the degree of rostral protuberance of
the upper molar arcade. The most severe form of this con-
dition is seen in parrot mouth horses with a malocclusion of
the incisors and molar arcades. The more common presenta-
tion is a horse with normal incisor occlusion and a small
malalignment of the cheek tooth arcades.

Horses that eat forage from an elevated hay rack or those
that chew with their heads elevated have a predisposition to
rostral upper PM2 hook formation. These hooks form
because when the head is held in an elevated position, the
lower jaw is slightly retracted caudal on the upper jaw, bring-
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Fig. 47.10
Deciduous tooth caps and cap fragments can be a source of
oral discomfort for 2–4-year-old horses.These cap fragments
have large root slivers that can be broken off below the gum
and cause chronic gingivitis.

Fig. 47.11
(A) Rostral upper premolar hooks usually become longer and broader at the base over time. (B) Enlarging cheek teeth hooks can
place caudal pressure on the lower jaw causing an incisor overjet.



ing the rostral order of the upper arcade out of occlusion
with the lower, preventing normal wear. A sharp rostral hook
or beak can cause cheek pain if the horse wears a snaffle bit.

As the rostral hook becomes longer and broader at its base,
it begins to put caudal pressure on the lower jaw when the
horse closes its mouth. This caudal retraction of the lower
jaw brings the distal molars further out of occlusion, con-
tributing to ramp and hook formation in the back of the
mouth as well. The caudal pressure on the mandible or lower
jaw also places abnormal stress on the temporomandibular
joints. In addition, the caudal jaw position leads to malocclu-
sion of all cheek teeth and can contribute to abnormal wear.
These exhibit as abnormal transverse ridges and enamel
points, cupping out of some upper cheek teeth, and wave for-
mation on the occlusal surfaces. Abnormal wear patterns
can be subtle in the early stages, but become progressively
worse during the life of the horse (Fig. 47.11).

Clinical signs of a horse with a hook problem include not
flexing at the poll, head throwing when asked to work in collec-
tion, shortening of the stride, soreness in the neck and back
muscles, opening of the mouth when asked to collect, bouncing
of the head during collection, and inefficient eating.

Many horses with hooks function well in activities where
head carriage is not important, such as hunting and trail
riding. In activities where head carriage is important for
balance and collection, such as dressage, hook problems can
be career ending if not properly diagnosed and treated. The
most successful therapy is routine reduction of abnormal
wear patterns as they develop.

A physical examination should be used to confirm a
diagnosis of soreness due to dental hooks. Soreness at the
insertion of the masseter muscles just below the temporo-
mandibular joint is often evident. Horses with a severe prob-
lem can develop temporomandibular degenerative joint
disease, exhibited as crepitation on joint palpation, reluc-
tance to open the mouth or move the jaw to the side.17

Open-mouth radiographs can document the presence of
dental hooks, but radiology has not been rewarding in evalu-
ation of the temporomandibular joint. Other imaging modal-
ities, such as nuclear scintigraphy, magnetic resonance
imaging, and computed tomography, have been used to eval-
uate the temporomandibular joints, along with thermogra-
phy.18 Arthrocentesis and synovial fluid analysis can help
with the diagnosis of temporomandibular degenerative joint
disease and also aid in giving a prognosis and formulating a
therapy plan.19,20

Oral examination with the aid of a full-mouth speculum
and good light source will allow the evaluation of the dental
arcades. Careful palpation is necessary to avoid confusing the
normal upward curvature of the mandibular third molar in
short-headed horses with an actual hook. Examination
should include checking for other abnormal cheek teeth wear
patterns.

Therapy should consist of hook removal and balancing
the dental arcades. After hook reduction and dental equili-
bration, it is important to evaluate lateral excursion and
cheek teeth contact. Often, horses that have had hooks and
caudal jaw retraction for a prolonged period, also have some

malalignment and subsequent abnormal wear of the incisor
arcades. The incisors often need crown reductions and align-
ment to bring the cheek teeth into proper occlusal contact.21

Hand floating is a common method for reducing hooks. A
long-handled, straight-head float set to cut on the pull is
required for reducing caudal hooks. Rostral hooks are best
reduced using an offset float or an angled float.

Two other tools are the sliding percussion chisel and molar
cutters, but both should be used with caution. Chisels do not
cut, but fracture the tooth crown. Excessive or incorrectly
positioned force may shatter the tooth or repel it. Molar
cutters should be reserved for older horses, as those under 9
years of age have less secondary dentition and structurally
weaker teeth. Fracture of the tooth or extraction is a potential
complication of this method, as is removal of too much hook
and exposure of the pulp cavity.

Three types of power tools which increase precision and
reduce effort are available. They are reciprocating, rotary burr
and disk-type, and can be electric or air powered. The horse
must be well restrained and sedated when power tools are used.

Incisor overgrowth might become evident after hook cor-
rection as caudal pressure on the mandible is released and the
incisors once again come in full occlusal contact. Overgrown
incisors, when returned to full occlusal contact, may take the
cheek teeth completely out of occlusion. When lateral jaw
excursion is attempted, no contact between the cheek teeth
arcades is evident. Incisor length should be reduced as
necessary to return cheek teeth to occlusion during lateral
excursion and normal mastication.

The immediate relief of caudal pressure on the mandible
changes the jaw position and acutely shifts the mechanical
forces placed on the temporomandibular joint, muscles of
mastication, and dental arcades. This can lead to mild
inflammation and short-term soreness after treatment.

Inflammation can be treated symptomatically with non-
steroidal anti-inflammatory drugs. Some horses with resid-
ual temporomandibular joint pain after dental correction
show quick relief of clinical signs with intra-articular
therapy. Oral supplements, such as hyaluronic acid, methyl-
sulfonylmethane (MSM), glucosamine, and chondroitin,
have been shown to be of some value. Additionally, physical
therapy and/or acupuncture can be of benefit.
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mucosa is divided into three areas: the cardiac, fundic and
pyloric regions. The cardiac gland region is a narrow strip of
mucosa that lies immediately beneath the margo plicatus. The
natural bend to the stomach permits further anatomic
classification into greater and lesser curvatures.

Recognition of the disease

Equine gastric ulcer syndrome (EGUS) is not a single disease
entity, but rather a term that embraces a group of distinct dis-
orders that can affect horses of all ages.1 These disorders
include not only primary gastric disorders, but also related
diseases of the distal esophagus and proximal duodenum.
Many of these diseases share aspects of pathology, but likely
differ widely in terms of primary pathophysiology.

1. Neonatal gastric ulceration. As the name indicates this syn-
drome is usually limited to diseased or otherwise highly
stressed newborn foals. Ulceration and occasional perfora-
tion frequently, but not exclusively, occur in the cardiac
gland region of the stomach. This syndrome is often clini-
cally silent due to the coexistence of severe primary dis-
eases such as systemic sepsis or peripartum asphyxia
syndromes. The first signs may not be apparent until fatal
perforation has occurred. Attenuated mucosal protection
through reduced blood flow is a likely key component of
the pathophysiology of neonatal gastric ulceration.

2. Gastroduodenal ulcer disease (GDUD). This form of EGUS
occurs primarily in suckling foals and in its most severe
form involves the proximal duodenum, pylorus, stomach,
and distal esophagus.2,3 It is highly likely that the initial
lesion in affected foals is a diffuse duodenitis. This initially
results in a functional delay to gastric emptying with sec-
ondary gastric and esophageal irritation, probably due to
prolonged exposure of susceptible mucosa to acidic
luminal contents. During the healing process strictures
may form in the duodenum and/or pylorus which result 
in a mechanical obstruction to emptying, again leading 
to gastric distension and secondary gastric and esophageal
erosion. Of all of the forms of EGUS this syndrome is 
the one most likely to have a precipitating infectious 

Equine gastric ulcer
syndrome

● Spontaneous erosion or ulceration of the gastric mucosa
represents the most important gastrointestinal disease of
the athletic horse, both in terms of prevalence and eco-
nomic impact. The latter is influenced not only by reduced
earnings due to diminished performance, but also by the
high costs associated with therapeutic and prophylactic
medication.

● The pathophysiologic basis of gastric squamous ulceration
in horses is multifactorial.

● The history and clinical signs of gastric ulceration in adult
horses are often vague and not specific.

● The most effective treatment strategies are those 
that reduce gastric acidity. These include administration of
antacids, H2 receptor antagonists, or proton pump blockers.

Gastric anatomy

The horse is a hindgut fermenter with an extensive and complex
cecum and large colon, but has a simple stomach similar in
shape to that of domestic carnivores and omnivores. The non-
glandular, squamous mucosal lining of the distal esophagus
spreads through the cardia and covers the proximal half of the
stomach. The margo plicatus defines the lower border of the
squamous mucosa with the glandular mucosa. The glandular
mucosa covers the remainder of the stomach through the
antrum and down to the pylorus. Histologically the glandular
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component. This is further supported by the observation
that cases frequently occur in clusters and are often pre-
ceded by episodes of diarrhea. Acid suppression is a key
component in the management of GDUD when delayed
gastric emptying (either functional or mechanical) is
present, but does not have a role in prophylaxis.

3. Glandular ulceration. Experimental induction of glandular
ulceration is easily achieved using repeated high doses of
non-steroidal anti-inflammatory drugs, such as phenylbu-
tazone.4 Lesions in the glandular mucosa also occur spon-
taneously in both athletic and non-athletic horses and
often coexist with squamous mucosal lesions. They are
usually seen in response to some form of stress, such as
training or concurrent diseases. Glandular lesions are
often associated with the most overt clinical signs of EGUS,
such as postprandial abdominal pain and inappetence.

4. Squamous mucosal ulceration. Most discussion of ulcer
disease in performance horses refers to erosion or ulcera-
tion of the squamous mucosa, the most common form of
EGUS in this type of horse. The regions adjacent to the
margo plicatus are most frequently diseased and are
usually more prominent on the lesser curvature between
the cardia and the margo plicatus.5

This discussion focuses on the glandular and squamous
ulceration syndromes of performance horses. Readers are
directed to other more general equine medicine texts for further
information on neonatal cardiac gland disease and GDUD.

Clinical signs

In sharp contrast to young foals with GDUD, the history and
clinical signs of gastric ulceration in adult horses are often
vague and not specific. Only since the release of the 3-m
endoscope has an association between signs and disease
evolved. This has however been complicated by the frequent
disparity between clinical signs and disease severity. It is not
uncommon to observe horses with severe endoscopic lesions
with no reported abnormal clinical signs. Conversely, there
are horses with typical signs that have minimal changes on
gastroscopy.

Probably the most common and consistent findings associ-
ated with gastric squamous ulceration are related to con-
sumption of feed. Affected animals will typically take a longer
than expected time to consume a concentrate feed and
owners or trainers often report problems in achieving or
maintaining body condition. More overt signs may include
colic, particularly after eating. Anecdotally, horses with mod-
erate signs of pain due to gastric ulceration commonly have
glandular lesions, often around the pylorus, with or without
squamous disease. This reinforces the importance of a com-
plete endoscopic examination in animals presenting with
colic in the absence of other abnormal findings.

Other reported signs consistent with ulcer disease include
a rough hair coat, aggressive or nervous attitude, intermit-
tent diarrhea, and poor performance. It is the latter sign that
is most difficult to directly ascribe to gastric disease, but train-
ers will often report improved performance when horses are
placed on antiulcer therapy.

Diagnosis

Endoscopy of the stomach is the most accurate method for 
establishing a diagnosis of gastric ulcer disease. This is best
achieved using a 2.5- to 3-m flexible endoscope in the standing,
sedated horse. The duration of fasting prior to endoscopy varies
with the type of examination required. Examination of the an-
trum, pylorus and duodenum usually necessitates an overnight
fast of 12–16 hours and withdrawal of water 1–2 hours prior
to the procedure. The fasting period can be shortened to 
6–8 hours if the examination is limited to the squamous
mucosa. Adding air to the stomach will make the procedure
easier to perform, but care should be taken not to overdistend
the stomach particularly in foals and young horses. A suction
system aids not only in evacuation of air at the completion of
the procedure, but also to remove any excess fluid in the
antrum.

A 2.5-m endoscope may not permit complete examination of
the margo plicatus in large horses. This may be problematic as
squamous ulceration tends to be more severe at the lesser cur-
vature due to the greater exposure of this region to acidic fluid.
The gastric squamous mucosa is scored using a simplified
system that ranges from 0 to 3.1 Examples are included in Fig.
48.1. Lesions are graded as follows: Grade 0, intact mucosal
epithelium with or without reddening or hyperkeratosis; Grade
1, single or multiple small ulcers; Grade 2, single or multiple
large ulcers; and Grade 3, extensive ulceration with coalescing
of ulcerated areas. A modified system was recently published to
categorize lesions of the squamous mucosa, glandular body of
the stomach, antrum, pylorus, and duodenum.6 The authors
used the following 0–4 scoring system: Grade 0, intact epithe-
lium with no apparent mucosal changes; Grade 1, mucosal red-
dening or squamous hyperkeratosis; Grade 2, small single or
multifocal lesions; Grade 3, large single or multifocal lesions or
extensive superficial lesions; and Grade 4, extensive lesions with
apparent deep ulceration.

In other species, elevations in the serum concentration of
pepsinogen have been observed in association with ulcerative
diseases of the stomach and duodenum. Pepsinogen is con-
verted to pepsin by autocatalytic activation under acidic con-
ditions. Although equine pepsinogen has been isolated and
appropriate assays developed, no such association has been
published to date in adult horses.7,8 Serum levels in foals 
with confirmed or suspected gastric or duodenal ulcers 
were significantly greater than serum pepsinogen levels in
apparently healthy age-matched foals.9

Indirect methods of diagnosis include recognition based
on clinical signs, although the vague nature of these signs
can be problematic, and through response to treatment.
Given the expense of treatment and the difficulty in evalu-
ating improvement associated with therapy it is often more
economical to perform gastroscopy.

Treatment

As discussed below, the pathophysiologic basis of gastric
ulceration is likely multifactorial. Despite the apparent com-
plexity of the disease the role of gastric acidity appears to be
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pivotal. Consequently, the most effective treatment strategies
are those that reduce gastric acidity. These include adminis-
tration of antacids, H2 receptor antagonists, or proton pump
blockers.

Antacids are most commonly used to provide temporary
symptomatic relief from ulcer disease. They are used in rela-
tively large volumes (240–360 mL) to improve appetite, feed
consumption, and athletic performance in affected horses.
Unfortunately, the effect of antacids is short-lived neces-
sitating frequent treatment (q 2–6 hours) if ulcer healing is
required. The oral administration of 30 g of aluminum
hydroxide and 15 g of magnesium hydroxide resulted in a
mean hourly gastric pH ≥ 4.0 for at least 120 minutes in one
study.10 A cautionary note: antacids reduce the bioavailabil-
ity of many concurrently administered oral medications.

Histamine type-2 receptor antagonists have been widely
used in equine practice to successfully treat and prevent
gastric ulceration.11,12 These drugs block histamine binding
to receptors on the parietal cell. The duration of action is
dependent on plasma levels, but is generally between 2 and 8

hours. Bioavailability of H2 receptor antagonists is relatively
poor and variable between animals; approximately 27% for
ranitidine in adult horses13 and between 7 and 22% for cime-
tidine.14 The recommended oral dose for ranitidine is
6.6 mg/kg q 8 hours in the adult horse. Response data
derived from healthy neonatal foals indicates that a dosing
interval of 12 hours may be adequate in that age group.15

The reported recommended dose of oral cimetidine in the lit-
erature is highly variable. Most veterinarians are using a total
daily dose of 60–100 mg/kg divided and administered three
to four times daily. Famotidine has been evaluated in adult
horses, but further studies are required in order to character-
ize an optimal dose rate for acid control.16 A dose of 2 mg/kg
bodyweight was effective at significantly elevating the 
intragastric pH.

Proton pump blockers are effective at increasing intra-
gastric pH and healing gastric ulcers in adult horses.17–22

These drugs irreversibly bind parietal cell H+-K+-ATPase, the
‘proton pump’ responsible for H+ secretion. Omeprazole is the
most commonly prescribed proton pump blocking agent in
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Fig. 48.1
Gastric ulcer scoring
system.(A) Grade 0: Intact
mucosal epithelium with or
without reddening or
hyperkeratosis. (B) Grade 1:
Single or multiple small ulcers.
(C) Grade 2: Single or multiple
large ulcers. (D) Grade 3:
Extensive ulceration with
coalescing of ulcerated areas.



horses. The drug is well absorbed and at recommended doses
will suppress acid production for approximately 24 hours. The
recommended therapeutic dose rate of commercial omeprazole
paste (GastroGard (USA) and GastroShield (Australia), Merial,
Ltd) is 4 mg/kg bodyweight once daily. A dose of 1 mg/kg body-
weight daily has been recommended for the human preparation
of omeprazole, a 20-mg capsule of enteric-coated granules.23

Omeprazole paste has been shown to not only heal squamous
mucosal ulcers, but also to maintain healing in Thoroughbred
race horses maintained in active training.19

The effect of H2 receptor antagonists and proton pump
blockers on gastrin levels requires further investigation in
horses. The secretion of gastrin is inhibited by gastric acid,
therefore treatments that reduce acid secretory responses
increase gastrin release and increase enterochromaffin-like
(ECL) cell numbers. The prolonged usage of acid-suppressing
drugs has been linked to the development of ECL cell tumors,
although direct causal data are lacking.24 Of more practical
concern is the possibility of rebound hypersecretion of acid
after withdrawal of acid-suppressing therapy.

Additional strategies involved in antiulcer therapy include
coating of the ulcer with an acid-resistant compound and
simulating or supplementing protective prostaglandins. The
use of sucralfate – a polysulfated sugar (sucrose octasulfate)
combined with aluminum hydroxide – in horses is controver-
sial.25,26 Anecdotal evidence suggests that sucralfate can be
an important adjunct in the management of glandular
ulcers. Sucralfate has a number of potentially beneficial prop-
erties, including binding to exposed gastric mucosa, stimulat-
ing mucus production and local prostaglandin synthesis, and
improving mucosal blood flow. An effective dose rate has not
been determined; commonly quoted dose rates range
between 10 and 20 mg/kg bodyweight given orally every
6–8 hours. Additional problems associated with sucralfate
administration include interference with the absorption of
other drugs (e.g. certain antibiotics and H2 receptor anta-
gonists) and the requirement for an acid medium for
maximum efficacy. As a result of the latter problem, most
clinicians dose the drug 60 minutes prior to the adminis-
tration of acid-suppressing agents.

Prostaglandin replacement therapy is often considered in
animals undergoing prolonged therapy with non-steroidal
anti-inflammatory agents and in those experiencing high
levels of physiologic stress. Direct replacement with a PGE2
analog, such as misoprostol, is costly and has been associated
with undesirable gastrointestinal side effects (diarrhea and
colic). Reported dose rates range between 1.5 and 2.5 �g/kg
bodyweight every 8 hours. An indirect method of supple-
menting PGE2 centers on feeding linoleic acid in the form of
corn oil. Supplementation at a rate of 20 mL/100 kg body-
weight significantly increased PGE levels in the gastric fluid of
cannulated ponies (AM Merritt, personal communication).

Etiology and pathophysiology

The pathophysiologic basis of squamous ulceration is likely
multifactorial. A simplistic approach is to conclude that ero-

sions or ulcers occur when there is an imbalance between
ulcerogenic factors, such as the presence of hydrochloric
acid, pepsin, or bile salts, and mucosal defense mechanisms.
The glandular mucosa requires an extensive defense system
because it is constantly exposed to acidic luminal contents.
Prostaglandins, particularly PGE2, play a key role in glan-
dular mucosal defense through a number of mechanisms,
including promotion of effective mucosal blood flow,
increased mucus and bicarbonate secretion, supporting
epithelial cell restitution, and by reducing acid output. The
importance of homeostatic prostaglandins is clearly demon-
strated through the experimental induction of glandular
ulcers using NSAIDs.

The stomach is covered by a continuous layer of visco-
elastic mucus.27,28 This layer acts as the primary physical
barrier to luminal contents. The gastric mucus covering the
glandular stomach is actually made up of overlapping layers
of mucin secreted by highly specialized cells of the glandular
mucosa. Luminal acid, bradykinin and PGE2 all increase the
thickness of the mucus layer.27 Within the mucus barrier is 
a pH gradient that varies from around 1.0 at the luminal
surface to 7.0 pH units at the mucosal junction. Active
mucosal secretion and entrapment of bicarbonate (HCO3

–)
within the mucus barrier is the primary factor responsible for
the gradient. Bicarbonate secretion is enhanced during acid
secretion through a process referred to as the ‘alkaline tide’.28

Briefly, within the parietal cell 1 mole of HCO3
– is produced

for each mole of H+. The HCO3
– is transported across the

basolateral surface of the parietal cell in exchange for Cl–. The
HCO3

– is subsequently transported via the local vascular
supply to the epithelial cells where it is excreted. Acidic
luminal contents provide the primary stimulus for bicarbon-
ate secretion.27 Sympathetic stimulation, mediated primarily
through �2-adrenoreceptors, is inhibitory to gastric and duo-
denal bicarbonate secretion.28 This may be an important
mechanism whereby stress can lead to reduced mucosal
defense and ulceration.

Acid secretion

The horse stomach is similar to that of most other mammals
in that it is capable of secreting large volumes of 0.16 N
hydrochloric acid.29 The acid is produced by gastric parietal
cells located in the oxyntic glands of the glandular mucosa.
The mucus layer that prevents the luminal contents from
coming into direct contact with the epithelial surface does
not impede the transport of acid or pepsin from the crypts
into the gastric lumen.28 The secreted hydrogen ions travel
through small channels within the mucus gel created by
hydrostatic pressure with the glands.

Acid secretion is regulated both centrally and peripherally,
but it is the latter that has been the primary focus for phar-
macologic control. The key local stimuli of acid secretion are
acetylcholine, histamine, and gastrin. Acetylcholine release
from postganglionic fibers at the level of the fundic mucosa
directly binds to muscarinic receptors of the M3 subtype.30

Equally or more importantly acetylcholine also stimulates
local ECL cells to release histamine, which subsequently bind
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with histamine type 2 (H2) receptors on the parietal cell,
causing acid release.29 Acetylcholine can also indirectly stim-
ulate ECL cells through augmentation of gastrin release from
G-cells. It does this by directly acting on G-cells and also by
inhibiting the release of somatostatin from D-cells.29

ECL cells are small cells that lie subepithelially, and are
therefore not directly exposed to luminal contents. The cells
contain numerous cytoplasmic vesicles and function to syn-
thesize, store and release histamine. Histamine release from
ECL cells is stimulated by gastrin, acetylcholine, and �-
adrenergic agonists. Release is inhibited by somatostatin
and by histamine itself, through an autocrine feedback
mechanism. Gastrin is a long-recognized acid secretagog
and acts directly on the ECL cells by binding to the cholecys-
tokinin B subtype (CCKB) receptor to cause histamine
release. Gastrin also has a hypertrophic and hyperplastic
effect on ECL cells, as well as a key role in regulating the rel-
ative proportions of different gastric epithelial cell types,
including stimulation of parietal cell differentiation.31 In
contrast to ECL cells, the gastrin-producing G-cells do have
direct contact with gastric contents. A number of factors
are known to regulate gastrin release, acting at either the
luminal or basolateral surfaces of the G-cell. These include
acetylcholine, gastrin-releasing peptide, somatostatin, and
the chemical effects of luminal contents. The known
luminal stimuli of gastrin release include amino acids (par-
ticularly aromatic amino acids), dietary amines, and
calcium.31 Gastrin is also released in response to sham
feeding, oropharyngeal stimulation, and gastric distension.
The pH of gastric contents has an important effect on
gastrin, such that release is inhibited when the luminal pH
is less than 3. This probably occurs indirectly through the
paracrine release of somatostatin and provides an impor-
tant feedback mechanism for parietal cells. Gastrin is con-
sidered to be a true peptide hormone in that it travels to
target tissues via the blood. The hormone can therefore be
measured in peripheral blood. The application of kits used to
measure human gastrin in horses has been questioned as
antisera raised against human gastrin binds poorly to
equine gastrin.32,33 Consistent with data derived from other
species, serum gastrin levels in horses were increased after
meal feeding.34,35 The magnitude of the postprandial
increase was also greater in treadmill-conditioned animals.
These factors could provide a basis for the increased preva-
lence of squamous ulcers in Thoroughbreds in race train-
ing. Gastric distension in response to abdominal disease in
horses also resulted in a significant increase in serum
gastrin levels.36

Somatostatin is released from enteric fibers as well as fundic
and antral D-cells. Somatostatin has a variety of functions in
the stomach, one of which is inhibition of gastrin release from
G-cells. Administration of the somatostatin analog, octreotide,
at doses between 0.1 and 5 �g/kg bodyweight to healthy
ponies resulted in a significant increase in intragastric pH that
was sustained for between 2.4 and 5.4 hours.37

On the cellular level acid secretion from the parietal cell
involves an elevation of intracellular calcium and cAMP, fol-
lowed by activation of protein kinase cascades, which in 

turn trigger the translocation and insertion of the proton
pump enzyme, H+-K+-ATPase, into the apical membrane of the
cell.38 After insertion the apical membrane opens up potassium
and chloride ion conductance pathways. The H+-K+-ATPase
enzyme catalyzes the electroneutral exchange of intracellular
protons for extracellular potassium ions, thereby generating
the proton gradient associated with HCl secretion.38

The parietal cell has a number of probable receptors,
including those for histamine (H2 receptor), acetylcholine
(M3 receptor), gastrin (CCK-B receptor), somatostatin, prosta-
glandins, and epidermal growth factor.29,38 The latter three
are thought to be inhibitory to the parietal cell.

Enterogastric reflux

Evidence exists to support a role of enterogastric reflux in
gastric homeostasis. Visual inspection of the pylorus during
routine gastroscopy in fasted horses frequently reveals entry
of bile-colored fluid from the duodenum into the antrum. Bile
salt concentrations obtained from the stomach of fasted
horses with gastric cannulas averaged 0.23–0.44 mmol/L
with some samples approaching 1.0 mmol/L.39 Other investi-
gators have measured intragastric concentrations of bile
acids up to 2–3 mmol/L (AM Merritt, personal communica-
tion). Concentrations in fed animals are lower, usually less
than 0.2 mmol/L.39

The importance of enterogastric reflux in the pathogenesis
of squamous ulcer disease is not clear. Bile salts, such as tau-
rodeoxycholate, have been incriminated in the pathophysiol-
ogy of gastro-esophageal reflux disease (GERD) in people.40

Several groups have demonstrated a harmful effect of bile
acids on squamous mucosa in the presence of a low pH.39–42

At a pH below their pKa bile acids are mostly non-ionized and
insoluble, permitting mucosal uptake and damage. At a low
pH (1.7 pH units) high concentrations of taurocholate
(2.5 mmol) failed to cause additional damage to equine 
squamous mucosa above that induced by acid alone.43 At a
neutral intragastric pH bile acids are predominately ionized
and remain in the gastric lumen. In vitro experiments 
have confirmed that bile acids at a neutral pH have no 
deleterious effect on the bioelectric properties of equine
gastric squamous mucosa.39,43

Alternatively, the frequent refluxing of duodenal contents
into the stomach may provide protection against mucosal
ulceration or erosion by acting as a buffer. The continuous
measurement of intragastric pH from healthy horses often
reveals periodic and sudden elevations in pH. These pH shifts
often occur at 15- to 30-minute intervals and are seen in
both fed and fasted states. It is likely that these increases
reflect enterogastric reflux of bicarbonate-rich fluid, rather
than any abrupt cessation to local acid production.

Epidemiology

There is little doubt that the importance of gastric squamous
ulceration has increased with the advent of 2.5-m and 3-m
flexible videoendoscopes. These endoscopes have given us a
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clear understanding of the prevalence of ulceration across a
variety of horse types and activities. A number of important,
albeit unexpected, observations have been made with respect
to the prevalence of equine gastric squamous ulceration. For
example, squamous ulceration occurs commonly (up to 50%)
in young suckling foals in the absence of clinical signs and
heals spontaneously without medication.2

Squamous mucosal ulceration has also been frequently
reported in adult horses but the prevalence is dependent on a
range of factors that include activity type and level, feed
intake, management (diet, housing), and the presence of clin-
ical signs compatible with ulcer disease.5,6 Reported rates of
disease frequently range between 50 and 90%, with horses in
race training carrying the greatest risk of squamous mucosal
ulcer disease (80–90%).5,6,44 In this group the severity of
disease usually increases as the intensity of training
increases. By contrast, horses that are pastured and have
limited controlled exercise are usually free of squamous
ulcers.

The prevalence of gastric glandular ulceration is also
greater in exercising horses, but the frequency of lesions is
usually less than that reported in the squamous mucosa. In a
retrospective study of 162 horses squamous ulceration was
observed in 58% of animals.6 By contrast, erosions and
ulcers in the body of the glandular region were seen in only
8% of animals. Interestingly, antral and pyloric lesions were
again noted in 58% of horses, but the authors could not 
find any association between sites with respect to either the
presence or severity of lesions.

Role of feed and diet composition

The association between race training and gastric squamous
ulceration has frequently led to speculation that diet may be
a critical factor in the development of ulcer disease. Animals
in race condition commonly receive high caloric diets, rich in
concentrates and low in roughage.5 Potentially ulcerogenic
short chain volatile fatty acids (VFAs) are produced in the
stomach from fermentable carbohydrates through the action
of resident bacteria.45 In the acidic conditions of the equine
stomach these VFAs often exist in non-ionized forms and con-
sequently are likely to penetrate and damage squamous
epithelial cells.46 The addition of the short chain fatty acid,
acetate, to the mucosal side of isolated porcine gastric squa-
mous epithelium in the presence of a low pH, resulted in
reduced tissue electrical resistance consistent with damage to
the mucosa.41

In a study using similar methodology on harvested equine
gastric squamous mucosa the authors concluded that
butyric, propionic, and valeric acid, but not acetic acid, were
identified as potential ulcerogenic VFAs in that species.47 This
finding prompted the same group of investigators to examine
the effect of diet on gastric squamous epithelium ulceration
using healthy mixed breed horses with surgically implanted
gastric cannulas.46 The two diets contrasted in the experi-
ment were a grass hay (bromegrass) diet and a combination
of legume hay (alfalfa) and grain. In an unanticipated out-
come, the number and severity of squamous ulcers were

greater in horses that received the grass hay only diet. This
was associated with a lower postprandial intragastric pH, and
lower concentrations of acetic, propionic, valeric and isova-
leric acid, and higher concentrations of butyric acid in
animals that received the bromegrass hay. The authors sug-
gested that the high calcium and/or protein content of the
alfalfa and grain diet could have provided a protective buffer
to the gastric contents. Alternatively, the transient post-
prandial increase in butyric acid with the grass hay diet may
have been injurious to the squamous mucosa, particularly in
light of the group’s in vivo finding and documentation of a
falling postprandial intragastric pH. These results further
support the contention that gastric acidity may be a critical
factor in the development of gastric ulceration.

Feeding frequency has an important impact on gastric
squamous ulceration. Murray and Eichorn demonstrated
that squamous ulceration could be induced in normal adult
horses by alternating 24-hour periods of feed deprivation 
and ad libitum access to hay over an 8-day period.11 Changes
occurred rapidly and were usually apparent within 
24–48 hours of cumulative feed deprivation. Feed depriva-
tion results in increased gastric acidity.48 The median intra-
gastric pH during a 24-hour period with ad libitum access to
grass hay was 3.1 pH units. Feed deprivation in the same
group of healthy horses was associated with a lower median
intragastric pH of 1.6. The common conclusion of these
studies is that gastric acidity is the primary mechanism
responsible for squamous ulcer disease.

The feed deprivation model for induction of squamous
ulcer disease does not appear to result in glandular lesions.6

This is not an unexpected finding in that the glandular
mucosa is better suited to acid resistance, through a variety 
of mechanisms including secretion and maintenance of
mucus-bicarbonate layer and mucosal blood flow.

Exercise

The prevalence data support a strong link between exercise and
gastric ulceration. Using a barostat system, investigators
recently measured the change in gastric volume in response to
feeding and exercise.49,50 Gastric volume was abruptly and sig-
nificantly reduced during treadmill exercise in healthy horses.
The authors concurrently measured intra-abdominal pressure
and concluded that exercise-induced increases in intra-abdomi-
nal pressure were likely responsible for the observed reduction
in gastric volume. The decrease in volume resulted in greater
exposure of the squamous mucosa to the acidic contents of the
ventral or dependent area of the gastric lumen.49 The
significance of these findings with respect to ulcer development
is yet to be fully elucidated, particularly as the duration of exer-
cise is often limited to minutes each day.

A further consideration is the effect of exercise on antro-
duodenal motility and gastric emptying. Data derived from
human athletes indicated that exercise can delay gastric emp-
tying.51 Similar data are not available from horses, but it
would not be unreasonable to assume that upper gastro-
intestinal tract motility was attenuated in exercising horses.
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Stress

Diminished mucosal defenses associated with physiologic
stress are thought to play an important role in the develop-
ment of glandular lesions in humans. Similar mechanisms
are likely responsible for glandular lesions in sick adult horses
and newborn foals. It is highly unlikely that physiologic stress
has a direct negative effect on squamous mucosa. By con-
trast, the role of psychologic stress in EGUS is not clear.
Several studies have reported a higher prevalence of ulcera-
tion in horses that appeared to be more anxious or nervous,
though differences were not great.44,52 It has been hypothe-
sized that horses of a nervous disposition may have reduced
gastric volume in response to persistent tension of their
abdominal muscles. This presumptive elevation in intra-
abdominal pressure may force acidic contents into the dorsal
region of the stomach (see above).

Housing

Simply relocating horses from pasture to a stall environment
can induce gastric squamous ulcer disease.11 Lesions are
apparent within 7 days of the change. This occurs despite
allowing free and continual access to grass hay. There could
be a number of factors responsible for the increased incidence
after confinement, including changes in diet and exercise,
and induction of psychologic stress.

Right dorsal colitis

● An ulcerative syndrome of right dorsal colitis (RDC) that is
associated with non-steroidal anti-inflammatory drug use,
most commonly phenylbutazone.

● The clinical signs of RDC are variable depending on the
duration and severity of the underlying colonic lesion, but
include colic, weight loss, poor hair coat, diarrhea,
reduced feed intake, and dependent edema.

● Both surgical and medical treatments have been utilized in
the management of RDC. Surgery is usually performed on
horses with narrowing of the right dorsal colon and
correction involves surgical bypass or resection of affected
tissue. Conservative medical management includes diet-
ary control, medications, and avoidance of NSAIDs.

Recognition of the disease

Clinical signs

The clinical signs of RDC are variable depending on the dura-
tion and severity of the underlying colonic lesion. Commonly
reported clinical signs include colic, weight loss, poor hair
coat, diarrhea, reduced feed intake, and dependent edema.
Signs of abdominal pain are often mild, but recurrent. The
exception is horses where colonic stricture has occurred as a
chronic response to persistent inflammation.53 These horses

often present with moderate and persistent pain due to im-
paction of proximal colonic segments and require surgical
exploration or euthanasia. The diarrhea is highly variable in
terms of volume and consistency, but is often of normal
volume and soft, but formed consistency. The edema is due to
hypoproteinemia secondary to loss across the inflamed and
ulcerated colonic mucosa. The edema is most prominent in
dependent regions including the ventrum, prepuce, distal
limbs, and muzzle. In most horses with RDC dependent
edema is absent or mild.

It is not uncommon for persistently affected animals 
to have flare ups of clinical signs. During these episodes
horses may be febrile and colicky with diarrhea. The fever 
is likely due to the absorption of luminal toxins across the
compromised mucosa.

Diagnosis

The diagnosis of right dorsal colitis is most commonly 
based on clinical signs, laboratory data, and a history of
non-steroidal anti-inflammatory usage. Hypoproteinemia,
specifically hypoalbuminemia, is the most characteristic lab-
oratory finding in horses with RDC. Peripheral leukocyte
changes are variable, and total white cell counts may be
decreased, normal, or elevated. The count reflects the stage
and severity of colitis at the time of sampling, and frequently,
during acute exacerbations of the disease, there may be 
endotoxemia with resultant leukopenia with neutropenia,
left shifting, and toxic neutrophil changes. As the disease pro-
gresses the total white cell count is commonly in the upper
normal range or is mildly increased. Mild hyperfibrino-
genemia is a common feature of RDC.53 There may be a range
of other biochemical and electrolyte abnormalities, but none
is specific for RDC. Commonly reported derangements
include hypocalcemia, hypophosphatemia, hyperbilirubin-
emia, and azotemia. Many abnormalities are attributable to 
a combination of mild dehydration and reduced feed intake.

Ultrasound may be a useful diagnostic aid although sensi-
tivity and to a lesser extent specificity data are lacking. The
colon on the right side of the abdomen may appear thickened
with a distinctive hypoechoic line caused by edema forma-
tion. In some cases ultrasound is also used to assess disease
progression and response to therapy. Recently, the use of
99mTc-HMPAO-labeled white blood cells in establishment of a
diagnosis of RDC was described.54 The authors reported
linear uptake of radiolabeled white cells in the right cranio-
ventral abdomen at 20 hours postinjection in two horses with
RDC. The technique is clearly limited to referral practices
with access to appropriate nuclear medicine facilities.

Treatment

A range of surgical and medical methods have been utilized
in the management of RDC.53,55–57 Surgery is usually per-
formed on horses with narrowing of the right dorsal colon
and correction involves surgical bypass or resection of
affected tissue. Many cases have been successfully managed
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conservatively, through a combination of dietary control,
medications, and avoidance of NSAIDs.

Dietary management of RDC is aimed at minimizing the
mechanical load on the colon.55,57 This is achieved primarily
by reducing the volume of long-stem roughage. Successful
management often involves feeding of a complete pelleted
ration, that is, a processed feed that contains both concen-
trates and fiber (roughage). If such a feed is not available or is
not readily eaten then roughage is best provided in the form
of frequent but brief access to pasture. Supplemented con-
centrates should be offered as frequent, small feeds. Psyllium
mucilloid (30–100 g daily) has been fed to horses with RDC
to aid in mucosal healing. The theoretic basis of psyllium sup-
plementation is as a prebiotic, to promote the numbers of
healthy bacteria that may facilitate mucosal healing, and 
to alter the concentration of luminal short chain acids to
favor a ratio of acids that accelerate mucosal healing.55,58

Feeding of psyllium is usually recommended for a minimum
of 12 weeks after the diagnosis has been established.

The addition of linoleic acid, usually in the form of corn
oil, to the diet of affected animals has been commonly advo-
cated as a preventative strategy against gastric glandular
ulceration in animals maintained on high doses of NSAIDs.
Linoleic acid is a precursor of eicosanoids, such as PGE2, and
therefore may promote mucosal defensive mechanisms and
aid in healing. An additional benefit of oil is the provision of
calories, absorbed predominately in the small intestine.

Drug therapy in the management of RDC is controver-
sial. Metronidazole has been used in many cases based on
data derived from other species where certain intestinal
obligate anaerobic bacteria, such as Bacteroides vulgatus,
perpetuated the development of colitis.59 Metronidazole
also has anti-inflammatory effects and protects against the
uncoupling of mitochondrial oxidative phosphorylation
caused by NSAIDs.60

Sucralfate has been used in the management of RDC
despite very little supportive data. Justification for use in
colonic disease is based on limited cost, oral administration,
an apparent absence of side effects, and limited efficacy data
derived from humans.

There are a number of other drugs that have theoretical use
in the management of RDC in horses, based on efficacy in 
the management of inflammatory bowel disease (IBD) in
humans.61 Pentoxifylline and thalidomide have anti-tumor
necrosis factor alpha (TNF-�) effects that are of benefit, given
the pivotal role of TNF-� in IBD. It is not known whether this
cytokine plays a role in perpetuating the inflammation in RDC.

The avoidance of NSAIDs is often highly problematic in
horses with RDC. This is particularly true for those with inter-
mittent abdominal pain associated with the disease. If neces-
sary, attending veterinarians should aim to minimize dosing
and maximize interval times between doses. Preference is
usually given to flunixin over phenylbutazone, but all drugs
of this type should ideally be avoided. The other common cir-
cumstance of continued use involves persistent skeletal prob-
lems. Phenylbutazone is particularly attractive to horse
owners because it is cheap, easy to administer, and effective.
The development of RDC appears to be an idiosyncratic

response to phenylbutazone in many horses, and as such,
even infrequently administered small doses of the drug may
be detrimental.

It has also been recommended to reduce physical and
physiological ‘stress’ in animals to facilitate healing.57 It is
particularly important to ensure that rehabilitating animals
are not exposed to episodes of dehydration. This means avoid-
ance of forced exercise and unnecessary transportation.

A positive response to treatment can be gauged by an
improvement in clinical signs, normalization of circulating
protein concentrations, and a reduction in bowel wall thick-
ness on ultrasound. Improvement is gradual, usually over 
4–8 weeks, and it may take months to normalize many of these
parameters. Animals are at risk of relapse, particularly in res-
ponse to dietary changes and/or administration of NSAIDs.

Pathophysiology

The pathophysiologic basis of RDC remains to be fully eluci-
dated. The adverse effects of NSAIDs on the gastrointestinal
tract are however well described across a wide range of
species.62 Most of these are ascribed to the suppression of pro-
tective endogenous prostanoids, particularly PGE2, and result in
mucosal erosion or ulceration. Excessive doses of NSAIDs reli-
ably produce gastric glandular ulceration in normal horses, but
member drugs do so with differing potencies.63,64 The variabil-
ity between drugs with respect to adverse side effects is likely due
to their relative inhibition of cyclooxygenase I or cyclooxyge-
nase II isoenzymes.65 Ulcerative lesions involving the right
dorsal colon have also been induced experimentally in normal
horses by giving 6 g of phenylbutazone daily for 5 days in the
face of reduced access to water.56 The susceptibility of the right
dorsal colon over other regions of the colon has been the focus
of much discussion. An inflammatory disease of the colon 
has also been described in humans associated with the adminis-
tration of NSAIDs.66

Both phenylbutazone and indometacin influence in vitro
ion transport in tissues collected from the right dorsal
colon.67 The primary effect is likely mediated by prosta-
glandins as changes were reversed when PGE2 was added to
the bathing media. There was a strong association between
prostaglandin supplementation and chloride and bicarbonate
secretion. The authors reported that the major histologic
lesion induced by phenylbutazone was consistent with the
induction of apoptosis.67

Salmonella species have been isolated from the feces of
animals with RDC, raising the possibility of a direct causal
relationship. Given that the recovery of Salmonella is un-
common in horses with suspected RDC, and that the organ-
ism is often shed by small numbers of healthy animals, this
association remains doubtful.57

Epidemiology

The ulcerative syndrome of right dorsal colitis (RDC) is associ-
ated with non-steroidal anti-inflammatory drug use, most com-
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monly phenylbutazone. Most cases are reported to occur after
prolonged or excessive courses of the drug, but some have
occurred in horses that have received appropriate doses of
phenylbutazone for as little as 3–5 days.55,56 Although un-
common, RDC has been reported after the administration of
other anti-inflammatory drugs, such as flunixin meglumine.

Cecal emptying defect

● Cecal emptying defect (CED) is a primary motility disease
involving the cecum or ileocecocolic region.

● The pathophysiology of CED is not known, but the syn-
drome may best mimic postoperative ileus in humans,
which is considered a large intestinal disorder.

● Clinical signs are often subtle unless cecal perforation has
occurred.

● Management of CED includes fluid therapy in combination
with lubricants or laxatives, such as mineral oil or magne-
sium sulfate, and careful use of anti-inflammatory drugs.

Recognition of the disease

Clinical signs

Clinical signs are often subtle unless cecal perforation has
occurred. In horses with CED after anesthesia evident signs
are usually apparent 3–5 days after the procedure; early signs
include depression and a reduction in both feed intake and
fecal output. Ineffective emptying results in overfilling of the
cecum with moist contents, which is manifest by signs of
mild to moderate colic. Cecal distension with digesta can 
be palpated rectally in horses with advanced cecal dys-
function. If recognized late or untreated the cecum may
rupture resulting in fatal peritonitis.

Treatment

Fluid therapy is an important component in the management
of CED, usually in combination with lubricants or laxatives,
such as mineral oil or magnesium sulfate, and with careful
use of anti-inflammatory drugs. Horses with primary cecal
impaction or impaction secondary to an emptying defect 
frequently require surgery in order to prevent fatal rupture.
The surgical management of these cases is controversial and
may include typhlotomy alone, typhlotomy with a bypass
procedure such as ileocolic or jejunocolic anastomosis, or a
bypass without typhlotomy.68 Most horses that undergo
simple typhlotomy have an uneventful recovery,69 although a
small number will reimpact and require a second laparotomy.
The use of prokinetics in the prevention and treatment of
CED is also controversial. Intravenously administered eryth-
romycin lactobionate (1.0 mg/kg i.v.) hastens cecal emptying
in normal animals and induces colonic MMC-like activity
across the colon.70 Administration is often associated with
defecation and abdominal discomfort. The drug may be

helpful at preventing cecal impaction in horses after anesthe-
sia, though its effectiveness on cecal motility in the imme-
diate postoperative period may be reduced.71 High doses,
constant infusion or prolonged use of erythromycin induces
receptor downregulation and inhibition of activity. Erythro-
mycin can induce diarrhea in adults therefore dosing over
many days should be avoided. Other drugs that may be useful
include bethanechol, lidocaine (lignocaine), or yohimbine,
although efficacy data are lacking.72

Pathophysiology

The pathophysiology of CED is not known, but the syndrome
may best mimic postoperative ileus in humans, which is 
considered a large intestinal disorder. An important differ-
ence in horses is that laparotomy is a rare predisposing factor,
and most cases occur in horses undergoing routine extra-
abdominal surgical procedures. General anesthesia itself is a
potent inhibitor of gastrointestinal motility in horses, but
these effects are short-lived and reversible within hours of
anesthetic withdrawal.73 The return of normal motility in
horses after experimental ileus was most delayed in the
cecum, suggesting that this may be a common site of ileus in
horses.71 A link between routine postoperative medications,
such as phenylbutazone and aminoglycoside antibiotics, has
been suspected but not established. An inhibitory effect of
NSAIDs on large colon contractility has been demonstrated
using in vitro techniques.74 Primary sympathetic overstimu-
lation could be involved as many of the affected animals are
young, male horses, or animals with painful diseases. The
development of small intestinal postoperative ileus but not
cecal emptying dysfunction, is influenced by the duration of
surgery.75,76

Epidemiology

Cecal emptying defect (CED) is a primary motility disease
involving the cecum or ileocecocolic region.76–78 The
syndrome occurs sporadically, but anecdotally appears to 
be more prevalent in young athletic horses. Most cases 
are reported after general anesthesia and extra-abdominal
surgery, particularly orthopedic and upper airway pro-
cedures. Others occur spontaneously, often in animals 
with painful primary conditions such as uveitis or septic
tenosynovitis.

Stress-associated diarrhea

Diarrhea occurs commonly in certain animals when placed
under stressful conditions. These include transportation, place-
ment into a foreign environment, exposure to unknown
animals, or associated with moderate to heavy exercise. The
intermittent nature of the diarrhea, coupled with an absence of
abnormal clinical findings, likely reflect a physiologic rather
than pathologic basis. In any animal exposure to hostile condi-
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tions initiates a stress response that comprises alterations in
behavior, autonomic function, and the secretion of multiple
hormones.79 The latter includes increased secretion of epi-
nephrine (adrenaline) and norepinephrine (noradrenaline),
the release of corticotropin-releasing factor (CRF) and vaso-
pressin, and the secretion of adrenocorticotrophin (ACTH).

Corticotropin-releasing factor is the neurohormonal
factor of greatest interest with respect to stress-induced alter-
ations in colonic motility. The central release of CRF acts in
the brain to inhibit gastric emptying; while CRF-induced
modulation of parasympathetic outflow stimulates colonic
motility and fecal excretion in response to psychologic
stress.80 Hypersecretion of CRF may contribute to stress-
related exacerbation of irritable bowel syndrome in man.80

Similar neurohormonal responses to stress have not been
reported in horses, although exercise in conditioned horses
was not associated with significant increases in CRF levels
collected from pituitary venous blood.81

Treatment is rarely indicated in horses with stress-
associated diarrhea as the volume of diarrhea rarely results in
clinical dehydration. Novel treatments for irritable bowel 
syndrome in humans include tachykinin receptor antagonists,
5-HT3 receptor antagonists, and 5-HT4 agonists, but none of
these agents has been evaluated clinically in horses.
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they have accomplished a superior racing career that they 
are unlikely to better, or have genetic potential that would
offset their future potential race earnings. Alternatively, 
other horses are routed to other athletic endeavors if they are 
functionally sound.

Horses have their first opportunity to race as 2-year-olds
and their competitive longevity is the result of a multitude of
veterinary and specific industry-based factors. Generally the
majority of the racing population is made up of horses aged
2 to 5 years of age. Sex distribution of the racing population
commences with relatively equal proportions of males and
females as yearlings and 2-year-olds.2,3 In subsequent racing
years there is an attrition of females to breeding so that
horses older than 4 years of age are typically gelded males
(Figs 49.1, 49.2).2–4

Age at first race start depends on athletic conformation,
degree of maturity, genetics, aspirations and expectations of
the owner and trainer, as well as race programming and prize
money structure of the specific country. Attempts to judge
musculoskeletal maturity and suitability for racing based on
objective means such as physeal closure have been generally
unsuccessful.5

The actual time of first race start is then dependent on the
response to training, health, and soundness. Interestingly, 
in a study examining factors affecting early career wast-
age there was no correlation between sex and foaling date
and time of first race start.3 While concerns over racing 
2-year-old horses exist, two studies found that horses who
raced first as 2-year-olds had greater numbers of career starts
and raced longer than did horses that commenced racing at
an older age.2,3 This may in part be due to injury or disease
that prevented these older horses competing as 2-year-olds
and which may have persisted further into their career.

Wastage refers to all losses occurring at any stage in the
breeding, growth, training and racing of a race horse.
Wastage includes all losses in breeding, deaths at any stage,
lost training days, unraced horses and retirement. Con-
siderable wastage occurs in the Thoroughbred racing indus-
try as a whole from the time that the mare is covered to the
commencement of racing by the progeny. A UK-based

Providing optimal veterinary services to Thoroughbred race
horses requires an understanding of both the veterinary
aspects of their care, and the dynamics and economics of the
racing industry. This chapter provides a demographic
overview of Thoroughbred racing and in particular wastage.
Commonly encountered diseases are discussed with an
emphasis on the veterinary management and disease
prophylaxis during both training and racing.

Demographics and wastage

Thoroughbred racing evolved in England over 200 years ago
and now exists in over 50 countries.1 A comparison of the size
of Thoroughbred industries between some of the major racing
countries based on foal crop, number of races and starters,
prize money and betting turnover is illustrated in Table 49.1.
The figures in this table under-represent the number of
Thoroughbred race horses since they do not include horses
involved in National Hunt and point-to-point racing. Similarly,
this chapter will concentrate on the veterinary management
aspects of Thoroughbred horses racing on the flat.

All facets of the Thoroughbred racing industry rely heavily
on veterinary input which extends from pre-conception to the
end of a horse’s athletic career. Termination of a racing
career may result from veterinary advice pertaining to injury
or disease, or be based on economic grounds and an assess-
ment of athletic ability. Horses are typically retired to stud if
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wastage study calculated 72.8% of mares each year fail to
have progeny that will go on to race between 2 and 4 years of
age.6 In this study, the 1975 foal crop was followed and of
those named and eligible for training only 50.6% raced as 
2-, 3-, or 4-year-olds, this result is confounded by horses
reserved for National Hunt racing that did not race on the
flat.6 Similar prospective studies of 353 and 553 yearlings
sold at auctions in Australia revealed that approximately
50% of these horses raced as 2-year-olds and that 75 to 80%
of horses had raced by their 6-year-old seasons.2,3

Lameness, followed by respiratory disease, is the major
cause of wastage for Thoroughbreds in race training, mani-
festing as lost or affected training days.3,6–9 A UK wastage
study found that 53% of horses showed lameness at some

stage during a season and in 20% of cases the lameness was
sufficient to prevent racing after injury.6 A subsequent study
identified lameness (67.6%) and respiratory disorders
(20.5%) as the most common cause of lost training days.7

Similarly a USA-based study looking at 95 horses over an 
81-day period reported musculoskeletal injuries altering
training or racing schedules in 35–55% of horses and pre-
venting training or racing for a period of time in 26–46% of
horses.10 A recent Australian wastage study of 2- and 3-year-
old horses found that of lost or modified training days, 56%
were due to lameness and 16% due to respiratory disease.11

Similar findings have recently been reported from New Zealand,
identifying musculoskeletal (82%) and respiratory diseases
(11%) as the major cause of involuntary time out of training.9

1052
Veterinary management of the performance horse

Country Foal crop Number of Number of Average Yearly national
races horses started prize money betting turnover

$(US) (US$ millions)

USA 33 360 55 486 64 443 16 201 2029
Australia 18 481 21 561 31 251 7756 699
Japan 838 25 500 29 282 34 532 4926
Great 5194 4394 7685 16 445 1069

Britain
France 4180 4250 7330 15 716 795
South 2527 4152 7497 5809 NA
Africa
Argentina 6582 7825 10 974 4696 46
Brazil 3391 5851 7788 2430 21
Canada 2570 5386 6557 12 421 67
New 4958 2647 5077 5054 44

Zealand
Italy 1905 5110 6636 9202 334

Source: International Statistical Survey of Horse Racing and 2000 statistics, compiled by the Société d’Encouragement
and presented at the 34th International Conference of Racing Authorities, Paris, France, 8 October 2001. In some
cases national betting turnover includes harness racing.Total betting turnover in South Africa not available.
Additional data can be found at http://home.jockeyclub.com/factbook/worldwide.html.

Table 49.1 A comparison of some key industry figures for international Thoroughbred flat racing
among major racing countries, for the year 2000

6 years old
9%

5 years old
17%

2 years old
14%

8 years old
4%7 years old

5%

3 years old
27%

4 years old
24%

Fig. 49.1
Age distribution of Thoroughbred race horses in Australia
over a 6-year period (1992/1993–1997/1998). (Source of data:
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A further reason horses may not race or race less than the
average number of times is a ‘lack of athletic ability’.2,6

Breakdowns, fatal musculoskeletal injuries and sudden
death during racing and training have been a focus of many
recent studies, most aimed at identifying risk factors in an
attempt to minimize these injuries.12–23 Regional differences
exist with regard to risk factors, prevalence and types of
injuries between countries, states, regions and even individ-
ual tracks.13–17 The rate of breakdown injuries during racing
differs between countries with rates of 2.2/1000, 2.9/1000
and 21/1000 starters in the USA, Australia and Japan,
respectively.12,15,18 These differences are difficult to interpret
since they may in part be due to potential errors inher-
ent with epidemiologic studies and different definitions of a
breakdown.16,19 Approximate risk of fatal or catastrophic
musculoskeletal injury is 0.6/1000 starters in Australia and
1.4–1.7/1000 starters in the USA, while in the UK there are
0.8 deaths/1000 starters.15,19–22 The reasons for differences
in rates between countries are multifactorial, but dirt tracks
have been implicated as one factor contributing to a higher
incidence of injury.22,23

Catastrophic life-threatening injuries appear more likely to
occur when racing whereas non-fatal injuries are more
common in training, which may be a function of speed.16,18

Breakdown injuries more commonly involve a forelimb 
than hindlimbs; common sites of injury include fetlock and
suspensory ligament, carpus, humerus, pelvis, tibia and
superficial flexor tendon.13,18,19,21 There is evidence that pre-
existing lesions predispose to catastrophic injuries, highlight-
ing the value of early identification of such lesions in
preventing injury.17,18,24–26

A multitude of risk factors contributing to break-
down injuries has been identified including track charac-
teristics,15,23,27 weather and season,23 race distance, starting
postion and race quality.19,28 Individual horse characteristics
identified include racing frequency, training intensity, age at first
start, duration of career, number of life time starts and the hoof
or shoeing characteristics.14,15,23,29,30 Causes of sudden death
other than fatal musculoskeletal injuries that have been
described include ruptured aorta, myocarditis, valvular
insufficiency, sclerosis of the coronary arteries, severe pul-
monary hemorrhage and disseminated massive hemorrhage.31

Provision of services

A working relationship between the veterinarian and trainer
is paramount to providing optimal services to a stable.
Excellent communication is essential, as is an appreciation 
of the trainer’s perspective and recognition of the non-
veterinary factors such as owner expectations and aims, eco-
nomics and the trainer’s previous personal experience. The
veterinarian should also have knowledge of normal training
techniques and schedules, which often differ between train-
ers. Veterinary services should be preventive as well as
problem oriented and applied at both the individual horse

and whole stable level. The level and extent of services pro-
vided on an ambulatory basis will be dictated by the ability to
access a hospital center or referral clinic.

The veterinarian–farrier relationship is important because of
the prevalence and significance of hoof-related problems.
Ideally management and prevention of hoof-related lameness
should be a joint approach as opposed to demarcating and allo-
cating ‘foot’ and ‘non-foot’ cases. Adequate diagnostics and an
understanding of the principles involved in the application of
physical and alternative therapies allows the veterinarian to
appropriately prescribe and substantiate or refute their use.

Establishment of a complete and reliable recording system
of disease, lameness and treatment is essential. Accurate
recording of administered medications is important where
withdrawal times prior to racing must be considered. The
system must be easily accessible, efficient and permanent.
Ensuring accurate identification of horses prior to treatment
or procedures is paramount in a stable environment, par-
ticularly where there are large numbers of horses and staff
involved. Similarly, clear instructions and great care should
be taken when dispensing and administering medications
that may be regulated by racing authorities.

The importance of a thorough clinical examination
cannot be overstated. It is often easy to neglect the basics in
the busy stable environment. A thorough relevant history
and systematic clinical examination are the foundation of
any accurate and efficient diagnosis, treatment and prog-
nosis. Horses are often presented for a particular complaint
but on closer inspection reveal multiple related and unrelated
problems. It is also important to judge what can and cannot
be done efficiently, adequately and practically at the race-
track/stable and what is better performed in the clinic setting.

Acquisition of race horses involves selection of yearlings,
2-year-olds and tried (older) horses. Economics and method
of purchase by public auction or private treaty, will determine
the extent of veterinary prepurchase examination. Limiting
comments to lesions and conformational faults only, and
their likely effects on future athletic soundness, appears the
most appropriate advice from a veterinary perspective.

General disease and injury
management concepts

Prophylactic measures

Ligament, tendon and joint injuries may occur during break-
ing and pre-training and reports of swelling or lameness
during this period warrant investigation. Subclinical con-
ditions such as osteochondrosis may manifest during 
preliminary training and early identification may allow treat-
ment with minimal impact on a horse’s racing career.

Prophylactic measures to prevent and minimize prob-
lems are implemented as part of good stable management.
Such measures include routine selection of horses for lame-
ness and clinical examinations, vaccination and parasite
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prophylaxis programs. Feeding and training regimens are
typically established by the trainers. Sound reasoning
coupled with subtle diplomacy is required to obtain trainer
compliance with regard to feed and work schedule related
changes.

The veterinarian has an important role in advising train-
ers on the value of instructing stable hands and setting up
reliable recording systems that ensure staff observe and
report on their horses as they go about caring for and riding
them. Feedback from stable staff is important at all levels
including observations such as fecal amount and consis-
tency, feed consumption, water intake, signs of colic, cough-
ing or evidence of stable vices, all of which can be detected
by educated grooms maintaining stalls. Regular assessment
of bodyweights can be used as a monitor of fitness, disease or
‘training off ’. Recording rectal temperatures of horses with
reduced feed intake, subdued demeanor or any other clinical
signs of disease should be ingrained as an automatic
process.

Daily tacking up can identify a variety of subtle changes
including changes in gait as horses are walked out of stall,
acquired swellings, skin conditions, nasal discharge and
change in response to saddling or bitting. Riders, trainers 
and clockers can monitor for lameness and more subtle gait
changes such as ‘hanging on a rein’, ‘feeling rough’ or
repeatedly changing strides. Likewise other observations
such as respiratory noise, altered breathing pattern or per-
formance and poor recovery after exercise may all facilitate
early identification of problems.

Routinue ‘trot-up’ examinations are an efficient manage-
ment tool for early detection of musculoskeletal disease and
may consist of regular daily, weekly, pre-race or post-race
evaluations. Ideally an environment is created where if there
is any question as to what effect continued exercise will have
on a horse, the trainer will be prompted to have the horse
examined. Continuity and regular assessment of individual
horses facilitates more specific treatment decisions and detec-
tion of subtle changes in gait or lameness. Such monitoring
creates a rewarding environment for assessment of therapy,
since race performance alone is not always an accurate
determinant of therapeutic success.

General management of disease

Early detection and accurate diagnosis of disease coupled
with appropriate therapy, rest periods and rehabilitation are
all essential to maximize racing longevity. The goal of treat-
ment should be a rapid return to soundness and functional-
ity, without compromising long-term soundness and earning
potential. The economic cost of unnecessary or incorrect
therapy may be significant. Training alterations require addi-
tional considerations, including the impact on the animal’s
other body systems, particularly the musculoskeletal and car-
diorespiratory systems. Furthermore, veterinarians should
habitually establish appropriate ‘informed consent’ of train-
ers and owners because every treatment has a complication
rate that may range from a mild injection site reaction to life-

threatening colitis, sepsis or anaphalaxis. In this light, the
veterinarian must also consider the risk of musculoskeletal
injury with continued racing and training and importantly
the associated risk to riders.

Medication of horses in training should include consider-
ations of potential side effects as well as optimizing adminis-
tration times in conjunction with training programs. There is
often a compromise required between appropriate medica-
tion, required optimal rest and lost fitness. The final decision
should be that of the trainer/owner, while the role of the 
veterinarian is to provide information regarding a disease 
and then provide a range of options for management allow-
ing the trainer to weigh up the cost benefits of therapy 
and modification of their training. Regulatory concerns 
and drug withdrawal times warrant careful considera-
tion, particularly the use of oral preparations or ‘in feed’
drugs where stall contamination represents a particular
concern.

Specific disease and injury
management

The purpose of this section is to provide some general
approaches to managing commonly encountered injuries
and diseases of Thoroughbreds in race training. While differ-
ent strategies are employed to address different pathology
some conceptual similarities exist with regard to the manage-
ment of injured or diseased race horses, particularly with
respect to the effect of alterations in training.

Musculoskeletal diseases

Dorsal third metacarpal disease, carpal and fetlock joint
disease and tendon or ligamentous injuries are the most
common musculoskeletal problems leading to wastage.6,11,22

Routine, diligent observation of subtle changes in symmetry
and meticulous palpation combined with use of hoof testers
and flexion tests aids early identification of the most likely site
of lameness. Where possible, targeted diagnostic anesthesia
and imaging is used, which is both economical and time
saving. Quality imaging modalities including radiography,
ultrasonography and scintigraphy, are essential for accurate
diagnosis, treatment and prognostication.

The presence of a secondary lameness is common and
may go undetected without appropriate diagnostic anesthe-
sia. Bilateral disease is commonly identified, particularly with
carpal and fetlock injuries, tibial stress fractures and sites of
osteochondrosis.32–37 Lameness examinations can be aided in
the fractious patient with a small dose of sedation.38 Jogging
in a circle or figure-8 can also be useful for assessment of mild
lameness and may help differentiate among sites of lesions
causing lameness.
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Exercise modification

Musculoskeletal diseases often require modifications to the
training program, dictated by the disease or injury and the
horse’s level of fitness. Changing the typical training formula
is achieved by alteration of distance and/or speed. Termino-
logy differs geographically in describing the approximate
speeds at which horses train and race, and understanding local
terminology allows assessment of the current workload and
appropriate suggestions with regard to modifications. Speed
and distance may be expressed in furlongs (220 yards or
approximately 201 meters) (Table 49.2).

Trainers may have a variety of track surfaces available for
training horses and advice with respect to training surface
should be formulated based on knowledge of the local track
characteristics, current track conditions and their contri-
butions to injury risk. Traditionally turf has been associated
with a lower risk of musculoskeletal injury than dirt al-
though confounding factors, primarily geographic, may con-
tribute to this apparent lower risk.15,23,39 Some specific
injuries appear to have an association with particular track
surfaces. There is an apparent increase in the incidence of
proximal suspensory desmitis in horses working on woodchip
compared with turf tracks, and an increased incidence of
subsolar inflammation and bruising is noted in horses per-
forming high-intensity exercise on sand tracks (PE Sykes,
2002, personal communication). The incidence of dorsal
third metacarpal disease is higher in horses training on dirt
than on wood fiber tracks.40

Track condition or rating has been reported to influence
the risk of injury.15,41,42 However, several large epidemiologic
studies have found no association between track condition
and injury rate.19,23 The mechanical characteristics of a
track are determined in part by its structure with moisture
content being the major variable influenced by weather and
track maintenence.27,41,43,44 Injury risk is higher on turf

tracks when the surface moisture content is low, resulting in
a harder track and faster race times.15,18 Dirt tracks on the
other hand have been associated with injuries under a variety
of conditions typically when moisture content is either too
low or high or surface is of inadequate depth or composi-
tion.16,27,42 Unleveled track surfaces and areas where track is
compacted such as ‘crossings’ for horse and vehicular access
and areas around starting chutes have been associated with
increased risk of injury.27,45 An inadequate banking or
camber on turns may also contribute to injuries and alter-
ations to track camber and surfaces have shown benefits in
reducing injury rates in Thoroughbred and Standardbred
racing.46–48 Therefore consideration to track characteristics
should be given, especially with advice regarding horses
working at high speed or rehabilitating from injury.

Hill or incline work, either under saddle or on an inclined
treadmill, allows work rate to increase while limiting
speed.49,50 Inclines modify the activity and loads on various
muscles,51 probably increasing the overall load on the
hindlimbs that may be beneficial if attempting to strengthen
the hind quarters, or being contraindicated in horses with
hindlimb injuries. Walking in waist deep water in a pool or on
a submerged treadmill provides greater work to the advanc-
ing limb and may benefit attempts to improve extensor and
particularly quadricep strength.

Direction around turns (clockwise versus anticlockwise)
influences limb loading patterns, with the lead limb subject to
a greater load than the contralateral limb, and this additional
loading may predispose the lead limb to injury.19,52 Typically
in a counter-clockwise racing direction the horse preferen-
tially leads with the left forelimb on the turn, and for clock-
wise racing the right forelimb, with most horses changing to
the opposite lead at some stage during the straight.53 Many
injuries appear to have ‘lead’ or inside limb predilections
depending on the direction of racing such as dorsal third
metacarpal disease,54,55 superficial digital flexor tendinitis,42
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Common terms Approximation Speed Time per furlong
to race speeds

Trotting work (UK, Approximately 4 m/s
Australia), jogging (USA)
Slow work ‘canter’ ‘1/2 ~50% race speed Approx 8–12 m/s 18 second furlong
pace’ (UK,Australia) (11 m/s)
‘gallop’ (USA)

3/4 Pace work ‘even ~75% race speed Approx 13 m/s 15 second furlong
time’ (Australia, UK) (2 minute miles)
‘breezing’, ‘licking’
(USA)
Primarily aerobic

Come or sprint 90–100% of 16–18 m/s 11–13 second furlong
home, gallop (Australia) race speed
Home, finish or sprint
Some anerobic
contribution

Top race speeds 18 m/s 11 second furlong or
better

Table 49.2 Common terminology and speeds associated with Thoroughbred flat work



and antebrachiocarpal joint injuries, particularly the distal
radius and proximal intermediate carpal bone.53 ‘Outside’ limb
injuries are commonly associated with the medial middle carpal
joint.53 Common musculoskeletal injuries associated with limb
predilections may be minimized or prevented by training in both
directions on turns. If introduced early in a training program it
allows development of balance in both directions and minimizes
repetitive loading of specified predilection sites.

Walking exercise can be provided by hand walking, mechan-
ical walkers, or treadmills. Often overlooked, walking is useful in
horses that are temporarily out of work and beneficial in horses
susceptible to ‘tying up’ or with chronic joint complaints.
Walking after high-intensity exercise improves recovery.56

‘Ponying’ is useful for horses that do not settle at slow speeds or
horses with back complaints, particularly wither or girth rubs.
Some musculoskeletal back problems may be exacerbated if the
horse has a tendency to track sideways.57

Swimming is a primarily aerobic exercise medium useful in
reducing the effects of weight-bearing work and has been sug-
gested to decrease the rate of musculoskeletal disease 
(Fig. 49.3).58 While allowing non-weight-bearing joint motion,
swimming does not stimulate appropriate bone responses or
maintain joint ligament tone.59 Potential complications of pools
include infection of pre-existing wounds, interference injuries
(higher risk in circular pools), exercise-induced pulmonary
hemorrhage, colic and rarely drowning. Swimming increases
muscle activity in some selected muscle groups and therefore
may be contraindicated in the presence of primary muscle
injuries.60

The effect of complete cessation of exercise on a horse’s
level of cardiovascular fitness often depends on the horse’s
stage of training. Horses early in their training phase appear
to lose significant amounts of aerobic fitness within 2 weeks,
whereas horses more advanced in training are slower to
detrain, losing fitness over 4–6 weeks.61–63

Bandages and bandaging

Support bandaging can be useful to minimize swelling and
edema associated with acute pathology or intermittent limb

edema. The role of athletic support bandages in preventing
injury and their effect on performance is unknown; studies in
healthy human athletes indicate they can be performance
impairing.64 Cohesive single layer bandages (Coban, Vetwrap,
Equisport) have been shown in vitro to reduce hyperflexion of
the fetlock, and increase absorbed energy.65,66 Equisport (3M
Corporation, St Paul, MN) and Elastikon (Johnson and Johnson
Inc, New Brunswick, NJ) bandages provided superior energy
absorbing capacity when compared with Ace (Beckton, Dickson
and Company, Rutherford, NJ), Vetwrap (3M Corporation, St
Paul, MN) or Coban (3M Corporation, St Paul, MN).67

Improperly applied bandages may contribute to pathology and
any bandaging may be contraindicated due to effects on heat
dissipation.68,69 Work boots or padded bandages can be used to
limit and reduce the severity of interference injuries.

Cold therapy

Cold therapy provides anti-inflammatory, analgesic effects
and reduces cellular metabolic demands and should be con-
sidered in any acute or chronic injury.70 Rapid icing of acute
injuries is followed by intermittent icing for approximately
48–72 hours until inflammation is resolved; chronic injuries
benefit from icing after every bout of high-intensity exer-
cise.50 Ice water slurries in large rubber boots are easy to
apply, have the ability to include the carpus, and cool the 
limb more efficiently compared with commercial cold 
packs, reaching stable tissue temperatures in 10 minutes 
(Fig. 49.4).71 Excessive icing can cause dermatitis and ice
burns. Limiting ‘icing’ times to 30 minutes and applying mul-
tiple applications with durations of at least 20 minutes out of
the ice seems to minimize this complication.

Joint diseases and injuries

Medical management of joint injuries 
and disease

Early and aggressive anti-inflammatory therapy is indicated
with all joint injuries provided the diagnostic process is not
compromised. Once the level of joint compromise is deter-
mined appropriate specific treatment can be pursued. Joint
inflammation can be controlled with systemic non-steroidal
anti-inflammatories (NSAIDs) at recommended doses for
24–48 hours, combined with cold therapy and bandaging.
Cessation of high-intensity exercise and the substitution of
walking is indicated while the joint is acutely inflamed.
Trotting and swimming can be used to maintain activity
until the horse is able to return to its previous level of work
intensity. Rapid resolution of synovitis and capsulitis is
beneficial in avoiding capsular edema and capsular fibrosis
that may lead to reduced range of joint motion.72,73 Passive
joint flexion may aid in maintaining range of joint motion.

Intra-articular medications (as discussed in Chapter 23)
are likely to be most efficacious if used in a planned manner
with consideration given to the horse’s training and racing
schedules. Maximal anti-inflammatory effect is likely to be
gained by early treatment followed by cessation of high-
intensity exercise. Joints that are chronically affected should
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A Thoroughbred race horse swimming in a circular pool.



be treated after exercise on a day of planned high-intensity
fast work, allowing at least 3–5 days or longer of modified low-
impact activity prior to racing. Medicating chronically
inflamed joints prior to prolonged layoffs may be beneficial in
assisting the resolution of synovitis and capsulitis. Aseptic
technique during intra-articular injections is essential and
excessive ice therapy or the use of liniments or blisters should
be avoided because the resultant dermatitis may compromise
a suitable injection site (Fig. 49.5).

Intermittent anti-inflammatory therapy can be used in com-
bination with long-term administration of disease modifying
osteoarthritic agents such as polysulfated glycosaminoglycans
(PSGAGs), pentosan polysulfate, glucosamine and chondroitin
sulfate. Although definitive evidence with regard to their cost
benefits, ideal dosing and efficacy is still lacking, subjective eval-
uation indicates that continual short interval (5–7 days intra-
muscular and daily oral agents) dosing is optimal for
Thoroughbreds with osteoarthritis while in training.

Surgical management of joint injury 
and disease

The primary aim of surgery is to return the joint to non-
painful function and limit the formation and progression of
osteoarthritis. Surgery is occasionally indicated in order to
salvage an animal for breeding or retirement. Before deciding
if surgery is indicated, careful consideration must be given to
the prognosis, expected rehabilitation time and economics. In
many cases surgery assists the diagnostic process and may
more accurately determine the prognosis and post-surgical
management. Horses occasionally perform successfully with
intra-articular lesions that may be addressed surgically, and
weighing up the long-term benefits of surgery against the
potential short-term economic losses can be difficult, particu-

larly during the high earning stages of horses’ careers. A
good working relationship with a surgeon experienced in
treating joint disease in Thoroughbred race horses will facili-
tate the decision-making process. Importantly only horses
not at risk of breakdown should continue to train and should
be monitored for evidence of progression.

Osteoarthritis

Early osteoarthritis can be managed with medical therapy and
rest when indicated. The progression of osteoarthritis is often
difficult to predict accurately. Despite this, initial and subse-
quent joint radiography provides valuable assessment of
disease progression, in conjunction with regular lameness
examinations and assessment of response to therapy.
Complete rest for long periods in older horses with osteo-
arthritis can often be contraindicated with regard to racing
longevity, since retraining often places demands on the
arthritic joints that they cannot accommodate. Alternatively,
maintaining such horses in lower-intensity modified training
regimens which include swimming, longer intervals be-
tween high speed work combined with intermittent anti-
inflammatory therapy, physical therapy and continual use of
disease-modifying osteoarthritis agents may assist in pro-
longing their racing longevity. Advancing osteoarthritis
requires continual monitoring, particularly for evidence of
subchondral bone injury that may propagate to complete frac-
ture. Eventually a stage is reached where the level of osteo-
arthritis becomes incompatible with safe and economic training
and racing, and in these cases clinical findings combined with
appropriate diagnostics support advice for retirement.

Bone-related injuries and diseases

Non-adaptive exercise-induced bone remodeling and in-
complete stress fractures are reported in a variety of bones
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Fig. 49.4
A Thoroughbred race horse
receiving cold therapy
immersed in an ice slurry
(inset) in large rubber
turbulator boots. (Photo
courtesy of Dr J.Walker.)

Fig. 49.5
Intra-articular
medication
being
administered
via a dorsal
approach to
the left
forelimb fetlock
joint.



including the third metacarpal bone, tibia, humerus, pelvis,
sacrum, lumbar vertebrae and scapula. These manifestations
of bone fatigue have been postulated in some instances as
precursors to complete spontaneous fractures.24,32,36,74–79

Similarly, osteochondral fractures have been proposed to 
be associated with cyclic loading and bone adaptation
responses.80

Training modifications

Training protocols appear to directly influence bone-related
injuries and disease. Changes in training intensity induce
bone adaptation via altered forces and fatigue damage, with
initial bone weakening due to increased bone porosity.81 The
decreased mineral content is thought to impact significantly
on bone strength around 3 weeks after an alteration in
training,82,83 and it may take up to 3–4 months or longer to
replace the lost bone, during which time the bone is
weaker.82–84 It is the bone adaptation process itself that
appears the more important component of bone weakening,
rather than the fatigue damage.85 Two-year-old horses
appear to be at greatest risk of adaptive bone pathology as
their skeleton models and remodels in response to race train-
ing. The lowest bone mineral density in these horses occurs at
2–3 months after entering race training.84,86 Significant
decreases in bone mineral content detrimental to bone
strength occur during periods of inactivity,87 and are likely to
result from a decrease in bone strains leading to extensive
bone remodeling and increased porosity.81 A greater risk of
bone fatigue related injuries has been associated with return
to work after periods of inactivity or lay-up.79,88

Since horses training at slow speeds adapt their bones 
to that particular speed, the introduction of higher speed
pace work (‘breezing’) results in altered loads and bending
forces requiring a further bone adaptation response, making 
bone susceptible to fatigue injury during this adaptation
period.81,89 A study examining gait and speed as risk factors
for fatigue injury of the third metacarpal bone in 2-year-old
Thoroughbred race horses recommended training modifica-
tions to reduce the incidence of ‘bucked shins’ consisting of
reducing the extent of the low-speed long-distance work and
increasing the frequency of the short-interval high-speed
work.90 Therefore, allocating less training time to long-
distance slow exercise and the introduction of earlier more
frequent short-distance fast exercise affords bone more time
to adapt to race speeds.79 Problems that may be encountered
include the inability to control young poorly educated horses,
and the uninvestigated effects of this training protocol 
on other structures, particularly tendons and ligaments. The
most appropriate training regimens to obtain optimal
remodeling and modeling responses of bone that will best
accommodate forces associated with racing and training are
yet to be determined.91

Dorsal metacarpal disease

Dorsal metacarpal disease manifesting as ‘bucked or sore shins’
is one of the most common causes of lost training days in 2-

year-old Thoroughbreds; one survey reported it as affecting
70% of Thoroughbreds, with increased risk of third metacarpal
stress fracture within 6–12 months.81,92,93 Deciding if affected
horses can continue training will depend on the severity of the
condition as determined by regular palpation of shins, lameness
examination and radiographic evaluation. Early identification
of disease through palpation and detection of subtle lameness
allows early treatment and the majority of horses to remain in
training. Treatment should include immediate modifications to
the training program and aggressive anti-inflammatory
therapy. Monitoring the horse’s gait during exercise and the
level of pain on palpation of shins are useful in assessing the
response to therapy. Swimming can be used to augment fitness,
with the track regimen consisting of trotting and shorter dis-
tances of pace work regularly (for example 1–2 furlongs every
other day). Horses with more advanced dorsal metacarpal
disease have marked pain, plus evidence of swelling or cortical
lucency identified radiographically, and should be removed from
training on economic grounds for at least 6 weeks. They should
be returned to training with suitable modifications to the train-
ing regimen as discussed above for horses with adaptive bone
pathology.

Third metacarpal dorsal cortical 
stress fractures

Conservative management typically requires a minimum of
7 months’ rest with a variable degree of success in achieving
healing.94,95 Surgery offers an advantage and the com-
bination of osteostixis and screw fixation is reported to be
more reliable than osteostixis alone, with healing and screw
removal at 2 months after surgery, followed by resumption of
training within 1 month of screw removal.54,55

Stress fractures at other sites

Stress fractures may be seen at a variety of sites (third meta-
carpal bone, tibia, humerus, pelvis, sacrum, lumbar verte-
brae and scapula) and periods of reported rest for these
fractures vary; there is no clear consensus on an appropriate
duration of stress fracture rehabilitation.96 Provided the
stress fracture is not at risk of propagation to a complete 
fracture, general recommendations include: stall rest with
hand walking (the horse should be offered approximately 
10 minutes hand walking twice daily, doubling weekly) until
the horse is sound at the trot in a straight line. The horse
should be evaluated for lameness after 2–4 weeks, first at the
walk and if appropriate at the trot. Once sound at the trot,
access to a small yard (20 feet square) for a further month is fol-
lowed by a month of pasture release prior to return to training.
A more rapid rehabilitation plan can be instituted under direct
veterinary supervision with gradual introduction to low level
trot work after the month of stall rest and walking. However,
such a program requires regular lameness and radiographic
evaluation to monitor healing and possibly follow-up scinti-
graphic evaluation. This protocol can minimize time of
maximal exercise restriction but return to high-speed training
should be delayed for at least 3 months from time of stress
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fracture diagnosis. Stress reactions and non-adaptive exercise-
induced bone remodeling can also be managed with a similar
approach.

Sclerotic subchondral bone lesions

Subchondral bone sclerosis and associated osteoarthritis
occurs primarily in the carpus associated with the third
carpal bone and the fetlock joint in the palmar/plantar
metacarpal/metatarsal condyles and proximal sesamoid
bones.74,78,97 The pathogenesis of these injuries is poorly
understood but involves disease of both the articular car-
tilage and subchondral bone.80,97 Subchondral epiphyseal
bone changes have been identified as potential precursors to
some slab fractures of third carpal bone and condylar
fractures of the cannon bone.74,78,98

The diagnosis and management of subchondral bone
diseases is problematic and both joint and bone disease issues
should be addressed. Often radiographic findings are equivo-
cal and in these cases scintigraphy can be a useful aid in 
diagnosis. Determining the degree of subchondral bone
injury and collapse on radiographs alone can be difficult;
computed tomography and magnetic resonance imaging
(MRI) are likely to enhance identification and management of
subchondral bone diseases. Typically if subchondral bone
damage is evident, prolonged periods of rest are usually
required and surgery may be indicated, particularly if disease
is involving the carpus. Many advanced subchondral 
bone injuries carry a guarded prognosis for future athletic
performance, due to lameness.

Breakdown injury

Major breakdown injuries in racing Thoroughbreds include
severe bone and ligament injuries involving the fetlock (trau-
matic disruption of suspensory apparatus, condylar fractures
and proximal phalanx fractures) and carpus (distal or prox-
imal row slab fractures with unstable or collapsed carpus) as
well as major fractures of the humerus, tibia and pelvis.
Appropriate assessment and use of coaptation for transport of
major musculoskeletal injuries has been well described
elsewhere and is important knowledge for any racetrack
veterinarian.99 Appropriate first-aid measures prevent further
osseous and cartilage injury, maintain skin cover and prevent
further damage to blood supply that may ultimately determine
the ability to salvage the animal. Removal of these patients
from the racetrack environment allows appropriate diagnos-
tics, communications and decision-making to take place.

Tendon- and ligament-related injuries
and diseases

The combination of training and aging may have a pro-
gressive detrimental effect on tendon strength. Micro-trauma
due to accumulated submaximal strains results in alterations
in tendon structure that decrease its ability to cope with cyclic
strains and may ultimately result in injury.100,101 There may

be an ‘optimal window’ during growth and training for the
development of tendon extracellular matrix that would best
prepare the tendon for cyclic damage associated with race
training. This timing and activity level is yet to be deter-
mined and excessive exercise at a young age may result in
damage.102 Prevention and early detection of lesions may
become reality with further research into marker molecules
that could allow identification of subclinical tendinitis.103

Tendon injuries

Superficial digital flexor tendon (SDFT) injuries are a sub-
stantial cause of wastage with a reported incidence in racing
Thoroughbreds of 8–43%, and are more prevalent in horses
older than 2 years of age.22,42,104–108 Astute observations of
changes in flexor tendon profile, careful palpation and ultra-
sonography are the essential tools for the identification,
assessment of severity, prognostication and monitoring of
healing in tendon injuries.104,105,109–111

Clinically apparent swelling, heat and pain on palpation
indicate the need for careful ultrasonographic evaluation. Re-
evaluation of a tendon at 1–3 weeks after injury may provide
a more accurate indication of lesion severity and is particu-
larly important when a lesion is suspected but not well
defined on the initial examination.104,105,109,110 Peritendi-
nous inflammation (‘bandage bow’) is typified by apparent
tendon swelling with less intense pain on palpation when
compared with tendinitis. Ultrasound conformation of the
diagnosis is required and treatment consists of aggressive
anti-inflammatory therapy and cessation of pace work until
all inflammation has resolved.111,112 Slow resolution of
inflammation or residual thickening should prompt follow-up
ultrasonographic examination.

Ultrasonographic monitoring of healing allows altera-
tions to be made in the rehabilitation program and exam-
inations are advised prior to any major increase in the level 
of exercise intensity.110,113,114 Clinical reassessment during
rehabilitation is also important and changes should prompt
ultrasonography. Blisters are not advised since they affect
both the clinical and ultrasonographic assessment of a
tendon and have no documented benefits.107,115 The prog-
nosis for SDFT injuries in the Thoroughbred is reported to
range from 20 to 60% of horses returning to successful
racing and up to 80% sustaining a reinjury.105,116–119

Continuing to train with a mild lesion in a Thoroughbred
race horse results in progression to a more severe lesion. This
is seldom economically or clinically successful and carries the
risk of a catastrophic breakdown.

Controlled exercise rehabilitation programs may improve
results, with 71% of horses treated with a graded exercise
program racing at least once compared with 25% of horses
subjected to pasture rest alone.120 The decision to embark 
on a rehabilitiation program should take economics into 
consideration, particularly the costs and benefits.110,113

Regardless of the level of rehabilitation undertaken, initial
management involves cessation of training and aggress-
ive anti-inflammatory therapy. The value of additional
medical management procedures including intralesional or
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peritendinous sodium hyaluronate, polysulfated glycosamino-
glycans and beta-aminoproprionitrile furmarate has not been
well defined.106,107 Surgical intervention has been suggested to
improve prognosis with tendon splitting in the acute phase often
combined with superior check ligament desmotomy.121,122

Superior check ligament desmotomy has a reported prognosis of
68–88% for returning horses to racing, with 52–56% racing at
least five times after surgery.108,123,124 These results are similar
to reports of conservative therapy alone.108,118 Furthermore,
superior check desmotomy may increase the risk of suspensory
ligament injury.108 Regardless of additional therapies the 
total time required prior to reintroduction to race training is
8–12 months; a worse prognosis is documented for horses
rested for less than 6 months.105,110,113

Injuries of the suspensory ligament 
and its insertions

Training appears to have a strengthening effect on the sus-
pensory apparatus with untrained horses more likely to expe-
rience ligament failure at smaller loads, whereas trained
horses fail at greater loads with fracture of the proximal
sesamoid bones.125 The diagnostic approach is similar to 
that for tendon lesions although prognostication based on a
lesion’s ultrasonographic appearance is more difficult.
Inferior ultrasonographic image quality compared with that
obtained when imaging superficial digital flexor tendons and
the presence of muscle fibers complicates both diagnosis and
assessment of healing, particularly in the high suspensory
area.110,126 The prognosis for return to racing after sus-
pensory desmitis has been reported to be relatively poor.127

Suspensory branch desmitis 
and sesamoiditis

Suspensory branch desmitis appears most prevalent in younger
horses and particularly 2-year-olds early in their career.128–131

Desmitis of the suspensory branches may manifest with con-
current sesamoiditis, sesamoid fractures or splint bone
lesions.128,131 Sesamoiditis on the other hand is often identified
prior to training and a range of severity exists and may progress
with training.129 Management of sesamoiditis is difficult and
can be frustrating as recurrence with resumption of higher
intensity exercise is common. Initial therapy consists of local
application of cold therapy, pressure bandaging and adminis-
tration of systemic anti-inflammatory agents. Long-term rest
up to 6 months is important to allow bone maturity and prevent
fracture. Despite the benefits of long-term rest the radiographic
appearance of the lesions seldom makes an appreciable
improvement. The long-term effect on the horse’s career is not
clear. However, it appears that the severity and presence of addi-
tional pathology such as enthesiophytes impact on both racing
longevity and earning potential.132,133

Suspensory branch and body

Horses developing small lesions of the suspensory branch
early in training often only require 4–6 months of rest and

have a fair to good prognosis. In contrast, lesions in older
horses, more advanced lesions, or those slow to resolve ultra-
sonographically, have only a poor to fair prognosis and
require prolonged periods of rest up to 12 months. A higher
incidence of recurrence is seen in these horses, the desmitis
behaving similarly to that described in show and dressage
horses.134 Rehabilitation is the same as for tendons, with a
graded exercise program and ultrasonographic monitoring of
healing combined with attention to foot balance, particularly
avoiding excessive heel length. There are anecdotal reports of
horses with mild lesions remaining in training and racing,
particularly if speed work is limited to race starts only.
However, there is a risk of progressive damage or complete
failure.134

Lesions of the suspensory body are dealt with using
similar methods as discussed for tendon injuries. The pres-
ence of concurrent splint bone lesions should be ruled out.
Typically, management and the prognosis for return to racing
is determined by the lesion severity and assessment of the
healing response. At least 8–12 months is usually necessary
prior to returning to training.

Proximal suspensory and its attachment

Lameness associated with the proximal suspensory ligament
and its attachment is relatively common in Thoroughbred
race horses.135 Diagnosis can be difficult because of the
variety of ligament or bone lesions seen separately or
together, with a wide range of clinical severity.136 In addition,
the intimate association of the carpometacarpal joint and
proximal suspensory ligament limits the specificity of diag-
nostic anesthesia to identify lameness arising from the 
proximal suspensory area and the carpometacarpal and
middle carpal joints.131,134,137 Clinical differentiation of high
suspensory pain and third carpal bone disease can be
difficult.134

Horses identified with primary ligament lesions are
managed similarly to tendon injuries. Those with primary
bone damage may have non-adaptive bone remodeling ‘stress
reaction’, longitudinal or avulsion fracture of the palmar
cortex of the third metacarpal.138–140 Management of bone
injuries has been discussed and typically at least 3–6 months
is required depending on the specific lesion.

Nuclear scintigraphy may be particularly useful in assess-
ing the relative contribution of bone and ligament pathology
causing lameness. Mild lameness of short duration often
responds to medical management. A combination of NSAIDs,
infiltration of the proximal suspensory area with a corti-
costeroid, correction of dorsopalmar foot balance and 
modifications to training mimicking that advised for horses
with bone remodeling problems, have provided success 
in treating approximately half these cases. Horses are 
limited to a low-intensity workload until the lameness has
resolved, typically within a 5-day period. Persistent lameness
indicates the need for further diagnostics. Extracorporeal
shock wave therapy may be useful for treatment of proximal
suspensory ligament injury as well as having potential 
for treatment of other tendon, ligament or insertional
injuries.141,142
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Foot-related injuries and shoeing

The foot is a common site of lameness and poor foot
conformation is a common Thoroughbred trait, particularly
underrun heels and long toes that may predispose to
injury.3,6,30,143,144 Foot balance in the dorsopalmar or plantar
plane appears important. Excessive heel length or wedging
and the resultant high hoof angles preferentially load the
suspensory ligament and SDFT predisposing these structures
to injury.145–148 Suspensory apparatus failure has been asso-
ciated with underrun heels (difference in toe and heel angles)
and low toe angles have been associated with an increased
risk of catastrophic injury. Decreasing the difference between
toe and heel angle and increasing the toe angle alone may
reduce injury risk.29,149,150 Toe grabs have been associated
with an increased incidence of injury.30,150

Overreach injuries are typically high impact, with deep
tissue damage usually greater than is initially apparent.
Rarely do they initially cause a significant lameness unless
there is major tissue trauma. These injuries can become a site
of lamina detachment and if overlooked result in pocketing 
of dirt and subsequent infection, manifesting as lameness
3–7 days after the initial injury (Fig. 49.6). Prevention of this
sequela requires excision of the separated tissue back to
lamina attachment combined with bandaging while avoiding
sand and dirt from gaining entry to the lamina–wall inter-
face. Repetitively injured horses can be managed with ‘bell
boots’ and shoeing changes.

Corns are a common cause of lameness and appear to be
more commonly associated with flat sole, low heel and long
toe conformations increasing weight bearing in the caudal
aspect of the foot.151 Addressing foot balance combined with
light paring of sole over the bruising and application of a
seated-out heart-bar shoe combined with 2–3 days of low-
intensity exercise are generally adequate to resolve lameness.
In some cases it may be necessary to ‘float’ the affected heel
off the shoe. Hoof treatments are initially aimed at reducing
inflammation through magnesium sulfate foot soaking and

poulticing coupled with anti-inflammatory agents. These
modifications combined with low-impact work including
walk, trot, swimming are undertaken until there is resolution
of inflammation and lameness. Use of heart-bar or egg-
bar shoes and correction of foot balance by removal of
excess toe provides more support for the caudal third of
the foot. Time is necessary for dissipation of interstitial 
fluid and re-cornification of the bruised solar tissue. Once 
the pain is resolved, hardening of the new sole can be
achieved by applying diluted iodine solution (2%) or formalin 
(10%).

Quarter cracks are manifestations of shear forces within
the hoof wall and laminae. Some cases may be associated
with hoof imbalance and excessive wall length in the affected
quarter.152 Cracks may be identified prior to lameness, pro-
viding an opportunity to prevent crack propagation and
lameness by corrective trimming/shoeing and modified exer-
cise regimens. Depending on size, stability and the extent of
propagation many smaller stable cracks can be debrided and
patched. This combined with rasping of the quarter, atten-
tion to foot balance and application of a bar shoe all assist 
in stabilizing the crack.153 Unfortunately many cracks in
Thoroughbreds involve the heel or caudal aspect of the
quarter and are not readily amenable to repair. These caudal
cracks, and cracks with coronary band involvement often
require stripping of the hoof wall to allow regrowth of stable
horn tissue.

Pedal osteitis, pedal bone ‘rim’ fractures, sole bruises and
other injuries secondary to solar concussion are often accen-
tuated by exercise on sand tracks. Management includes sole
pads, wide web seated-out shoes and egg-bar shoes. Discrete
sole lesions can be covered temporarily with a small welded
plate to protect the area, while still allowing access of topical
treatment.

High nails or ‘nail presses’ can be overlooked during
lameness examinations. Nail and/or hematoma pressure
may result in persistent lameness without evidence of
infection. Evaluation of clinch heights and sequential
application of hoof testers to each nail will facilitate their
identification. If identified before the onset of infection, the
nail can be removed and iodine solution flushed down the
nail hole to disinfect and facilitate drying. If infected,
soaking the foot in Epsom salts, poulticing and debridement
are indicated.

Interference injuries

Interference injuries can result from one or a combination of
factors including conformation, shoeing, soundness and
immaturity (Fig. 49.7). Identifying the cause of the interfer-
ence is necessary in order to develop a plan aimed at resolv-
ing the problem. The presence of neurologic disease should
be ruled out. If necessary, identification of the source of inter-
ference can be determined by applying chalk to the affected
area to identify the limb and area causing the interference.
Resolution requires ideal foot balance and in younger horses
time is needed to learn and achieve balance on the straight
before high-speed work around turns is introduced.
Protective bandaging and bell boots minimize trauma while
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Fig. 49.6
Overreach injury to
the lateral heel of a
left forelimb above.
The picture below
demonstrates the
lamina detachment
that can be present
with these injuries.



attempts are made to resolve a problem. Lighter shoes, partial
shoes (‘tips’) and ‘safing’ (rounding) of edges resolve many
problems.

‘Going down on bumpers’ or ‘running down behind’
describes excoriation typically of the plantar fetlock in the
hindlimbs and occasionally in the forelimbs (Fig. 49.8).
This can be multifactorial and may be associated with
fatigue, shoeing, or compensation for lameness. At times
this may be severe and result in the removal of full thick-
ness skin cover. If no lameness problems are identified and
if the problem continues with a temporary decreased
intensity of training, the application of extended heel- or
egg-bar shoes and correction of dorsoplantar foot balance
can assist resolution. Recurrently injured horses often
require taping of the fetlocks with protective padding such
as orthopedic felt or other padding. All interference
injuries should be treated as contaminated wounds with
potential for infection.

Muscle-related injuries and disease

Recurrent exertional rhabdomyolysis (RER)

Most commonly seen in 2-year-old fillies RER is reported to
affect approximately 5% of racing Thoroughbreds.154,155 The
quantitative correlation between muscle enzymes and sever-
ity of clinical signs is poor and elevation of muscle enzymes
after exercise does not always indicate clinical rhabdomyoly-
sis; conversely, clinically affected horses may have delayed
peaks and more prolonged elevations of enzyme activity in
serum.154,156 Horses exhibiting elevated muscle enzymes and
minimal clinical signs warrant further investigation and
management changes, since the effect on ultimate perform-
ance is unknown.156 Serial monitoring of muscle enzymes is
a reasonable tool to determine responses to management
changes and therapy. Cases responding poorly warrant
further diagnostic evaluation.156

Management issues that can be manipulated include diet,
exercise schedules and potential stressors.157,158 Minimizing
stressors by maintaining a regular daily work schedule and
quieter stall location remote from major traffic areas in the
stable are recommended. Benefit can be gained from different
exercise prior to track work, including extensive walking, swim-
ming or ‘ponying’. Tranquilization can also assist, with low
doses of acepromazine (5–10 mg intramuscularly 60 min prior
to work) effective in some cases. Reduction of the amounts of
digestible carbohydrate in the diet can be achieved by reduction
of the quantity of grain or substitution of a less digestible car-
bohydrate source replacing oats with corn,159 while adding fat
to maintain dietary calories.157 Dietary change may be more
important in modulating the degree of nervousness and
excitability rather than playing a direct role in the pathogenesis
of the disease.158 While the use of progestagens is often ad-
vocated, no association in elevation of muscle enzymes was 
seen in fillies associated with their estrous cycle, controlling
estrus behavior may still act to minimize stress levels in 
some individuals.154 Electrolyte, and vitamin E and selenium
supplementation may also be of benefit.156

Avoiding ‘days off ’ and substituting different forms of
exercise on days that horses are not worked, combined with
reduction or complete removal of grain from the diet on these
rest days is indicated. A slow introduction of high-intensity
work coupled with a gradual increase in carbohydrates
which follows increased workloads limits subclinical ele-
vations in muscle enzymes. Cases responding poorly to 
other management changes may respond to administration
of muscle relaxants such as methocarbamol, dantrolene and
phenytoin.156,160 Use of oral branch chain amino acid prep-
arations prior to exercise has been reported anecdotally to
reduce the magnitude of muscle enzyme elevations.

Treatment of acute cases includes immediate cessation of
exercise and administration of polyionic fluids (either intra-
venous or oral depending on severity) to achieve rehydration
and promote diuresis, combined with administration of
NSAIDs (flunixin meglumine or phenylbutazone). Ace-
promazine appears efficacious in calming these horses and
may facilitate resolution of RER. Occasionally extremely
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Fig. 49.7
Multiple interference
injuries on the medial
aspect of this
Thoroughbred’s left
hock.This type of
interference is
commonly referred to
as ‘hock hitting’ or
‘speedy cutting’.

Fig. 49.8
An example of ‘running down behind’ or ‘going down on the
bumpers’ chronic excoriation seen here on the plantar aspect
of the right hind fetlock in this Thoroughbred race horse.
Note also the slightly wedge heeled shoe that has been
applied in an attempt to reduce the ongoing trauma to the
area.



uncomfortable horses may require �-2 sedatives and opiates
for analgesia.

Muscle strains and tears

Primary muscle injuries are difficult to verify as a source of
lameness and usually require exclusion of skeletal lesions.
Swelling, asymmetry and pain on deep palpation may be appar-
ent in some cases. Measurement of muscle enzymes is of limited
value as elevated enzyme levels are generally not a consistent
finding with isolated muscle tears. Lameness is typically the
most obvious at the walk and swing phase of the trot. Muscles
commonly identified include semimembranosus, semitendi-
nosus and brachiocephalicus. Accompanying bone lesions may
be present and are seen most commonly at the tuber ischii with
tears of the semimembranosus and semitendinosus. Muscle
tears generally require a rest period of 2–3 weeks to resolve if no
bony involvement is present,157 but brachiocephalicus tears
require 3–6 weeks of rest.

Back and wither injuries

Withers are a common site of injury due to saddle rubs or falls.
These are susceptible to rubbing, hematoma formation and
infection. They are best managed by avoiding saddle contact
until completely healed and exercise may continue with use of
military saddles or swimming and ‘ponying’. Padding in most
cases is inadequate due to the propensity to rub.

Diagnosis of back injuries and related pain is often
difficult. Typically pain is muscular in origin and may be asso-
ciated with an underlying lameness. The presence of bony
pathology such as vertebral stress fractures and overriding
spinous processes may be demonstrated with radiology or
nuclear scintigraphy.161,162 Treatment is directed at identify-
ing the underlying cause coupled with temporary cessation of
pace work, anti-inflammatories and local therapy.163

Infections of the musculoskeletal
system

High-intensity exercise, close horse-to-horse and horse-
to-handler interaction, confined surroundings and veteri-
nary intervention contribute to Thoroughbred race horses
commonly experiencing a variety of musculoskeletal infec-
tions. Cellulitis is common and generally seen in the lower
limb. Occasionally idiopathic peri-articular tarsal infections
are seen.164 Traumatic injury leading to osseous infection is
common. Although rare, clinicians should be observant for
signs of septic arthritis given the frequency of intra-articular
therapy and the repercussions of this complication. There are
rare reports of idiopathic synovial infections of horses in
training165 (Sykes and Lumsden, unpublished data).

Successful treatment is facilitated by rapid identification
and institution of appropriate antimicrobial therapy, ade-
quate wound therapy, clean bandaging and avoiding areas of
contamination, such as sand rolls, water activities, and the
hands of the stable staff. Antibiotic selection should take into

consideration the high concentrations of horses interacting
in a common environ coupled with intense human contact
and frequent use of antimicrobials. It is likely that individual
racetrack environments will establish predominant patho-
gens with specific sensitivities akin to a hospital environment.

Respiratory diseases

Lower respiratory disease

Respiratory disease is a major cause of wastage for horses in
race training, and lower respiratory diseases in particular
appear to contribute most significantly.166–169 An appropriate
diagnostic workup consisting of a clinical examination and
use of clinical pathology (hematology, transtracheal aspirate
(TTA) and bronchoalveolar lavage (BAL)), endoscopy, ultra-
sonography and radiography, when indicated to allow appro-
priate management and prognostication.170

Coughing horses and inflammatory airway
disease (IAD)

Horses suffering from IAD typically present as otherwise
apparently healthy young horses usually 2 or 3 years old that
have been in the stable environment for a couple of weeks or
longer and present primarily for ‘coughing’.166–168,171–173 The
presence of a nasal discharge may be variable. Endoscopic
evaluation typically reveals a mucopurulent tracheal exudate
containing elevated numbers of neutrophils. Excessive
coughing is stimulated by laryngotracheal palpation, auscul-
tation with the aid of a rebreathing bag or passing an endo-
scope into trachea.166–168,171–173

Historically, viral respiratory infections have been impli-
cated as the major cause of lower respiratory disease in
young race horses.174,175 Recent studies suggest that a
variety of pathogens including bacteria, mycoplasma and
non-infectious agents contribute to IAD.176–180 The role that
bacteria isolated from transtracheal aspirates play in this syn-
drome is unclear. Their quantity, location (whether extra- or
intracellular) and species (Streptococcus, Pasteurella and
Bordetella spp.) have all been considered as characteristic of
IAD.173 The role of antibiotics in treating IAD has yet to be
established.

The environment appears to be an important component
of IAD, triggering allergic or non-allergic airway inflam-
mation.171,181,182 Air quality improvements can be made by
minimizing feed dust with low dust or wet feeds, soaking hay
and feeding on the ground. Housing changes including
improving ventilation by use of yards or pens and reviewing
choice of bedding avoiding straw and dusty beddings in favor
of wood shavings or clean sand.183 Minimizing noxious gases
by regular stall cleaning and minimizing dust production by
avoiding sweeping and mechanical ‘blowers’ in favor of
hosing also improve air quality. Quarantine of cases may
reduce risks if an infectious cause is suspected because of the
sudden onset of multiple cases.
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Pharmacologic therapy for IAD includes systemic or inhaled
mucolytics, bronchodilators and corticosteroids. The presence
of mast cells in BAL fluid may indicate the presence of immune-
mediated airway disease. In such cases use of a short course of
systemic corticosteroids and an inhaled mast cell stabilizer
(sodium cromoglycolate) may be indicated.182,184,185

Exercise-induced pulmonary hemorrhage
(EIPH)

Exercise-induced pulmonary hemorrhage (EIPH) is 
thought to occur due to high transmural alveolar capillary
pressures,186,187 and numerous factors may contribute to the
severity of hemorrhage including exercise intensity, distance,
age, upper respiratory obstruction, heterogeneous ventila-
tion, hemorrheological factors, small airway disease and
lower airway inflammation.188–193

The reported prevalence of EIPH depends on the criteria
used, with epistaxis occurring in approximately 1–2% of race
starters.188,194 After high-intensity exercise (30–90 min)
there is endoscopic evidence of EIPH in approximately 75% 
of horses.188,189 Bronchoalveolar lavage (BAL) is a more sens-
itive means of documenting EIPH and has demonstrated its
presence in nearly all racing Thoroughbreds. Furthermore,
BAL may better correlate with severity and chronicity.195

Identification and appropriate treatment of IAD combined
with the use of bronchodilators and furosemide (frusemide)
prior to exercise are still the popular mainstays of EIPH
therapy. Furosemide is administered to the majority of
Thoroughbred race horses prior to racing in the USA and
Canada, although efficacy in reducing EIPH has not been
definitively demonstrated.196,197 Even in jurisdictions where
furosemide is not allowed on race day it can be incorporated
in the training program and used prior to high-intensity
training. The furosemide dosage (150–250 mg) is typically
given intravenously or intramuscularly 2–4 hours prior to
work.197–199 One study suggested administration 30 minutes
prior to exercise was superior to administration 240 minutes
prior to exercise.200

The association with the high work intensity makes train-
ing modifications difficult; slower longer duration work may
decrease severity of EIPH, since the disease has been docu-
mented with greater incidence in racing distances less than a
mile.193 Blood in the airway incites an inflammatory response
and complete erythrophagocytosis takes up to 2 weeks.201,202

Management should be aimed at minimizing high-intensity
exercise during the inflammatory period, and treating airway
inflammation. Response to therapy can be assessed with a
follow-up BAL. Recently investigation of the FLAIR nasal strip
(CNS Inc, Minneapolis, MN) has shown potential benefits in
upper airway mechanics and a reduction of EIPH. However,
controversy and conflicting results exist with its use.203–206

Upper respiratory diseases

Upper respiratory diseases commonly manifest as poor per-
formance, and in most cases are associated with abnormal

upper respiratory noise. Upper airway abnormalities have a
prevalence of approximately 10% in racing populations.207,208

Detailed investigation of an upper respiratory abnormality
should include a thorough accurate history aimed at charac-
terizing the noise and determining if there is an effect on 
performance. Track visits or the use of ‘sound spectrum
analysis’ assist noise characterization.209 Diligent and sys-
tematic clinical examination is indicated particularly with
respect to palpation of the larynx, nasal septum, jugular
veins and assessment of facial symmetry, previous surgical
scars and airflow from each nostril. Resting upper airway
endoscopic examination should document nasal passages,
nasopharynx, trachea and guttural pouches as well as
dynamic function by induced swallowing response and nasal
occlusion. Further diagnostics such as high-speed treadmill
endoscopy, radiography and oropharyngeal examination
may be indicated.

Left laryngeal hemiplegia (LLHP)

Once diagnosed the prognosis and suitability for surgery
should be determined. Potential diagnostic oversights include
previous surgery, arytenoid chondritis, fourth branchial arch
defects, or the presence of another upper airway problem in
conjunction with the LLHP. Presence of these abnormalities
will negatively impact on the surgical prognosis. The level of
arytenoid function should be determined and horses with
grade III/IV hemiparesis, or those likely to be suffering from
an additional upper respiratory problem, warrant endoscopic
examination at high speed on a treadmill.210,211 If arytenoid
abduction at maximal exercise is judged better than would be
obtained with surgery, continued training and racing with
regular monitoring may be indicated; surgery may be
required if there is progressive loss of function. This assess-
ment is important since horses with grade III/IV move-
ments may be less successful candidates for a laryngoplasty.211

Prior to embarking on surgery, an assessment of the horse’s
athletic ability and evaluation of other performance-limiting
conditions may be better assessed by continued training and
racing over 5–6 furlongs if the degree of airway compromise
permits. Prognosis for laryngoplasty has been reported over a
wide range from 48% to 85% for successful outcome with
horses able to return to training within 2 months.212,213

Complications of surgery, such as coughing and aspiration,
can be managed by dampening feed at ground level, avoiding
feeding prior to work and long-term treatment with muco-
lytics, antibiotics and mucociliary transport mechanism
stimulants.

Neuromuscular pedicle grafting has been reported to
provide a similar prognosis. However, it appears best 
applied to horses identified with hemiparesis and younger
than 2 years old due to the prolonged rehabilitation 
time (6–12 months). Laryngoplasty can be performed 
after neuromuscular pedicle grafting if reinnervation is
unsuccessful.214,215 Other management options include
short-distance racing with the expected decrease in perform-
ance – these horses are usually only competitive over less
than 6 furlongs. Furthermore, permanent tracheostomy or
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temporary tracheotomy are both alternatives if sanctioned
by racing authorities.

Intermittent dorsal displacement of the soft
palate (IDDSP)

Diagnosis is based on a combination of appropriate history
and endoscopic examination, subjective judgment of laryn-
gopalatal instability and/or presence of soft palate ulcera-
tion.216 Evidence of epiglottic flaccidity, dysfunction or
hypoplasia may warrant further diagnostics including radi-
ography and treadmill endoscopy. Ensuring IDDSP is a
repeatable phenomenon is essential before embarking on
exhaustive diagnostics and management changes.

Medical management may include continued training as
the condition may resolve with increased fitness and weight
loss, or rider and gear changes. Inexperienced riders can often
encourage the likelihood of displacement by taking too heavy
a hold on the reins. Gear changes including tongue ties and
figure-8 nosebands used individually or combined can be
effective. Medical management of upper airway inflammation
(pharyngitis) may be beneficial when neuritis of the pharyn-
geal branch of the vagus nerve accompanies upper airway
inflammation.217 Anti-inflammatory therapy, both systemic
and local pharyngeal spray, may benefit these horses.218,219

Immature horses should be given time to mature, as many
resolve their tendency for IDDSP. When medical management
fails surgery is indicated and a variety of procedures have
been described.216 The combined sternothyrohyoideus myec-
tomy, tenectomy and staphylectomy appears to have gained
most support as a surgical procedure. The procedure requires
only a short time out of training, approximately 14 days 
with reintroduction back to fast work after approximately
3–4 weeks.216 Epiglottic augmentation may assist horses
with an apparently hypoplastic epiglottis in which the above
surgery is unsuccessful; this procedure does require approxi-
mately 2–3 months out of training.220 The prognosis for
resolution of IDDSP is similar regardless of type of therapy
pursued, with approximately 60% of horses improving.216

Arytenoid chondritis

Small mucosal lesions noted on the axial surface of ary-
tenoids in the absence of arytenoid thickening are encoun-
tered infrequently and generally heal without complication.
However, rarely these mucosal lesions have been seen to
progress to chondropathy in yearlings (Kelly and Lumsden,
unpublished data, 2001). Therefore, endoscopic monitoring
of arytenoid mucosal lesions appears appropriate, and if indi-
cated medical management consisting of cessation of high-
intensity training, parenteral and topical antibiotics and 
anti-inflammatory agents.

Arytenoid chondropathy identified in the acute stages
with only mild cartilage thickening may be managed with
cessation of training and medical therapy. Periarytenoid
inflammation with minimal cartilage involvement may be
arrested medically and may allow continued training if
mucosa is intact and abductor function and airway are

judged as adequate. Cases with minimal cartilaginous dis-
tortion, granulation tissue on the axial surface and complete
arytenoid cartilage abduction capability may be managed
with a combination of medical therapy, surgical debridement
of granulation tissue and draining tract and short-term
rest.221,222 Horses failing to respond to the above approaches
or those with moderate to severe cartilage thickening are
candidates for partial arytenoidectomy. This procedure is
associated with a longer convelescence (3–4 months) and the
reported success rate for horses returning to racing following
partial arytenoidectomy is approximately 60%.223 Despite
this, a drop in class is anticipated, which may be minimized in
horses racing over shorter distances and where residual
cricoarytenoideus dorsalis muscle function exists.

Other upper respiratory problems

Other regularly recognized upper respiratory problems that
can be managed with minimal lost training time and while
the horse remains in the stable include uncomplicated
epiglottic entrapment and subepiglottic cysts. Problems 
that often require 2–4 weeks out of training for surgery
include alar fold flutter, axial deviation of aryepiglottic folds
and atheromas. Pharyngeal collapse, fourth branchial arch
defects, septal abnormalities and advanced sinus cysts limit-
ing airflow carry a poor prognosis even with appropriate
surgery if indicated.

Gastrointestinal diseases

Parasite prophylaxis programs are best coordinated with the
spelling facilities. Mouth cuts in the commissures are often
encountered and may be overlooked in a horse ‘hanging’ on
a rein. Management involves ruling out a musculoskeletal
problem and minimization of the trauma by using topical
medical therapies, changing to a thicker or rubber bit, using
cheekers or ponying without a bit until healed.

Gastric ulceration

Gastric ulceration in Thoroughbred race horses is reported to
affect between 66 and 93% of the population, increasing to
80–100% for horses in advanced training or racing.224–227

The disease most commonly manifests in racing Thorough-
breds as a decrease in feed intake, and conformation of
ulceration is achieved via endoscopy. However, a poor cor-
relation exists between clinical signs and the severity of
ulceration.228 Risk factors include the stable environment,
periods of no feed intake and administration of NSAIDs and
corticosteroids.225,226,229,230

Feed management in horses with gastric ulceration should
focus on regular feeding with multiple daily meals and con-
stant access to hay in order to avoid any prolonged periods
that horses are not eating.229 Pharmacologic anti-ulcer
therapy (H2 blockers or proton pump inhibitors) in most
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cases improve appetite within 1–2 weeks of commencing
therapy. Failure to improve may indicate need for further
investigation and management changes. Because the pre-
valence of ulceration is high in the racing Thoroughbred
population and the severity of ulcers in our experience 
does not seem well correlated with clinical signs, a thera-
peutic trial may be indicated if gastric endoscopy is not
available. Horses that respond to therapy should be main-
tained on therapy while in training. An oral formulation 
of ranitidine (L Begg, unpublished data, 2002) has been
shown to be effective at healing ulcers while horses remain 
in training. Similarly other reports suggest only omeprazole 
is effective in achieving healing of ulcers while in 
training.231

Colic

Typically the incidence of colic is low in racing populations.
Swimming activity is noted occasionally to cause colic in
some individual horses; in this capacity it is typically seen
within 2 hours of a swimming episode. The etiology of
swimming-associated colic is undetermined but is typically
associated with gaseous distension of the large bowel, which
usually responds to medical therapy. Individuals that seem
predisposed to recurrent bouts require swimming to be
removed from their training schedule.

Diarrhea

Severe enterocolitis needs to be recognized and treated imme-
diately with aggressive medical therapy. Prophylaxis involves
avoiding unnecessary use of antimicrobials. Use of specific
antimicrobial agents appears to be associated with an
increased frequency of enterocolitis. Inclusion of metro-
nidazole in therapy may be indicated if diarrhea is asso-
ciated with antimicrobial use. Concerns of potential 
salmonellosis warrant some form of isolation of these 
cases.

Cardiovascular diseases

Cardiovascular diseases, with the exception of atrial fibrilla-
tion, are relatively rare in race horses. However, functional
and anatomic cardiac abnormalities should not be overlooked
as potential causes of poor performance.

Veins (septic and non-septic
thrombophlebitis)

Typically associated with intravenous injections, thrombo-
phlebitis can be very debilitating to a Thoroughbred 
race horse. Once a vein is inflamed it should be avoided as a
site of venepuncture until inflammation is completely
resolved. Cessation of high-intensity activity combined 
with hot packing and antimicrobials may hasten resolu-

tion. Progressive sepsis or thrombosis of both veins can
become career threatening. The risks of thrombophlebitis
may be decreased by use of a disposable 1.5 inch 18-gauge
catheter instead of a needle for administration of all agents
that may incite an inflammatory response if delivered
perivascularly.

Cardiac abnormalities

The most common indication for investigation of cardiac
function in racing Thoroughbreds is poor or decreased per-
formance. The most commonly identified pathologic arrhy-
thmia is atrial fibrillation.232 Atrial fibrillation is typically
associated with a marked reduction in high-speed perform-
ance and may be noted after a race or strenuous exercise.
Atrial fibrillation may be paroxysmal, resolving within
24–48 hours of its identification after exercise, and diagnosis
may be difficult if the arrhythmia resolves before it is docu-
mented.233,234 Cases with persistent atrial fibrillation require
treatment to achieve conversion; the presence of a pre-
existing cardiac lesion as a contributing factor should be
ruled out as this will negatively impact long-term athletic
prognosis.232,234,235

Heart murmurs have been documented in a large portion
of the population of racing Thoroughbreds. One study
identified murmurs in 81% of 846 Thoroughbred race horses
and no association was found between racing performance
and murmurs.236 Investigation of cardiovascular function
via Doppler echocardiography may be indicated if a murmur
not typical of a functional systolic murmur is identified or in
horses with poor performance not attributable to the res-
piratory or musculoskeletal systems. Documentation of
apparently pathologic murmurs in young untrained horses
warrants documentation and monitoring over time, since
mitral and tricuspid regurgitant murmurs have been 
demonstrated to progress with training.237

References

1. Anon. www.horseracingintfed.com
2. Bourke JM. Wastage in Thoroughbreds. In: Proceedings of the

Annual Seminar of the Equine Branch New Zealand
Veterinary Association 1995; 107–119.

3. Bailey CJ, Reid SW, Hodgson DR, et al. Factors associated with
time until first race and career duration for Thoroughbred
racehorses. Am J Vet Res 1999; 60(10):1196–1200.

4. Physick-Shead PW. Career profile of the Canadian
Standardbred. Can J Vet Res 1986; 50:449–456.

5. Gabel AA, Spencer CP, Pipers FS. A study of correlation of
closure of the distal radial physis with performance injury 
in the standardbred. J Am Vet Med Assoc 1977; 170(2):
188–194.

6. Jeffcott LB, Rossdale PD, Freestone J, et al. An assessment of
wastage in Thoroughbred racing from conception to 4 years
of age. Equine Vet J 1982; 14(3):185–198.

7. Rossdale PD, Hopes R, Wingfield Digby NJ, et al.
Epidemiological study of wastage among racehorses 1982
and 1983. Vet Rec 1985; 116:66–69.

1066
Veterinary management of the performance horse



8. Lindner A, Dingerkus A. Incidence of training failure among
Thoroughbred horses at Cologne, Germany. Prev Vet Med
1993; 15:85–94.

9. Perkins N. Wastage in NZ Thoroughbred racing industry: 
An epidemiological investigation. In: Proceedings of the
Annual Seminar of the Equine Branch New Zealand
Veterinary Association 1999; 103–112.

10. Kobluck CN, Robinson RA, Clanton CJ, et al. Comparison 
on the exercise level and problem rate of 95 Thoroughbred
racehorses. Proc Am Assoc Equine Pract 1990; 36:471–475.

11. Bailey CJ, Reid SW, Hodgson DR, et al. Impact of injuries and
disease on a cohort of two- and three-year old Thoroughbreds
in training. Vet Rec 1999; 23:487–493.

12. Haynes PF, Robinson RA. Racetrack breakdown pilot study
summary. Proc Am Assoc Equine Pract 1988; 340:673–676.

13. Bathe AP. 245 Fractures in Thoroughbred Racehorses:
Results of a 2-year prospective study in Newmarket. In:
Proceedings of the 40th Annual AAEP Convention 1994;
175–176.

14. Estberg L, Stover SM, Gardner IA, et al. High-speed exercise
history and catastrophic racing fracture in Thoroughbreds.
Am J Vet Res 1996; 57(11):1549–1555.

15. Bailey CJ, Reid SW, Hodgson DR, et al. Flat, hurdle and steeple
racing: risk factors for musculoskeletal injury. Equine Vet J
1998; 30(6):498–503.

16. Kobluk CN. Epidemiologic study of racehorse injuries. In:
White NA, Moore JN, eds. Current techniques in equine
surgery and lameness, 2nd edn. Philadelphia: WB Saunders;
1998:564–569.

17. Cohen ND, Mundy GD, Peloso JG, et al. Results of physical
inspection before races and race-related characteristics and
their association with musculoskeletal injuries in
Thoroughbreds during races. J Am Vet Med Assoc 1999;
215(5):654–661.

18. Ueda Y. Preventing accidents in racehorses: studies and
measures taken by the Japan Racing Association. In: Report
of the committee on the prevention of accidents to
racehorses. Japan Racing Association, 1991.

19. Peloso JG, Mundy GD, Cohen ND. Prevalence of, and factors
associated with, musculoskeletal racing injuries of
Thoroughbreds. J Am Vet Med Assoc 1994; 204(4):620–626.

20. McKee SL. An update on racing fatalities in the UK. Equine
Vet Educ 1995; 7:202–204.

21. Estberg L, Stover SM, Gardner IA, et al. Fatal musculoskeletal
injuries incurred during racing and training in
Thoroughbreds. J Am Vet Med Assoc 1996; 208:92–96.

22. Wilson JH, Robinson RA, Jensen RC, et al. Equine soft tissue
injuries associated with racing: descriptive statistics from
American racetracks. In: Dubai International Equine
Symposium Proceedings: ‘The equine athlete: tendon,
ligament and soft tissue injuries’ 1996; 1:1–21.

23. Mohammed HO, Hill T, Lowe J. Risk factors associated with
injuries in Thoroughbred horses. Equine Vet J 1991;
23:445–448.

24. Stover SM, Johnson BJ, Daft BM, et al. An association between
complete and incomplete stress fractures of the humerus in
racehorses. Equine Vet J 1992; 24:260–263.

25. Stover SM, Ardans AA, Read DH, et al. Patterns of stress
fractures associated with complete bone fractures in
racehorses. Proc Am Assoc Equine Pract 1993; 39:131–132.

26. Poole RR, Meagher DM. Pathologic findings and pathogenesis
of racetrack injuries. Vet Clin North Am Equine Pract 1990;
6(1):1–30.

27. Clanton C, Kobluk CN, Robinson RA, et al. Monitoring
surface conditions of a Thoroughbred racetrack. J Am Vet
Med Assoc 1991; 198:613–620.

28. Bailey CJ, Reid SW, Hodgson DR, et al. Risk factors associated
with musculoskeletal injuries in Australian Thoroughbred
racehorses. Prev Vet Med 1997; 32:47–55.

29. Kane AJ, Stover SM, Gardner IA, et al. Horseshoe
characteristics as possible risk factors for fatal
musculoskeletal injury of Thoroughbred racehorses. 
Am J Vet Res 1996; 57(8):1147–1152.

30. Kane AJ, Stover SM, Gardner IA, et al. Hoof size, shape, and
balance as possible risk factors for catastrophic
musculoskeletal injury of Thoroughbred racehorses. 
Am J Vet Res 1998; 59(12):1545–1552.

31. Johnson B, Ardens A, Stover SM, et al. California racehorse
postmortem program: A 4 year overview. Proc Am Assoc
Equine Pract 1994; 40:167–169.

32. Mackey VS, Trout DR, Meagher DM, et al. Stress fractures of
the humerus, radius and tibia in horses. Vet Radiol 1987;
28:26–31.

33. McIlwraith CW, Yovich JV, Martin GS. Arthroscopic 
surgery for the treatment of osteochondral chip fractures
in the equine carpus. J Am Vet Med Assoc 1987;
191:531–540.

34. Kawcak CE, McIlwraith CW. Proximodorsal first phalanx chip
fragmentation in 336 horses. Equine Vet J 1994;
26(5):392–396.

35. Moore RM, Schneider RK. Arthroscopic findings in the carpal
joints of lame horses without radiographically visible
abnormalities: 41 cases (1986–1991). J Am Vet Med Assoc
1995; 206(11):1741–1746.

36. Spike DL, Bramlage LR, Embertson RM, et al. Tibial stress
fractures in 51 racehorses. Proc Am Assoc Equine Pract
1996; 42:280–281.

37. Colon JL, Bramalge LR, Hance SR. Qualitative and
quantitative documentation of the racing performance of
461 Thoroughbred racehorses after arthroscopic removal of
dorsoproximal first phalanx osteochondral fractures
1986–1995. Equine Vet J 2000; 32(6):475–481.

38. Buchner HH, Kubber P, Zohmann E, et al. Sedation and
antisedation as tools in equine lameness examination. 
Equine Vet J 1999; Suppl 30:227–230.

39. Wilson JH, Robinson RA. Risk factors for equine racing
injuries. Comp Cont Educ Pract Vet 1996; 18:682–690.

40. Moyer W, Spencer PA, Kallish M. Relative incidence of dorsal
metacarpal disease in young Thoroughbred racehorses
training on two different surfaces. Equine Vet J 1991;
23(3):166–168.

41. Cheney JA, Shen CK, Wheat JD. Relationship of racetrack
surface to lameness in the Thoroughbred racehorse. Am J Vet
Res 1973; 34(10):1285–1289.

42. Rooney JR, Genovese A. Survey and analysis of bowed 
tendon in Thoroughbred racehorses. J Equine Vet Sci 1981;
1:49–53.

43. Zebarth BJ, Sheard RW. Impact and shear resistance of turf
grass racing surfaces for Thoroughbreds. Am J Vet Res 1985;
46(4):778–784.

44. Pratt GW. Racing surfaces a survey of mechanical behavior.
Proc Am Assoc Equine Pract 1984; 30:321–331.

45. Kai M, Takahashi T, Aoki O, et al. Influence of rough track
surfaces on components of vertical forces in cantering
Thoroughbred horses. Equine Vet J 1999; Suppl
30:214–217.

46. Fredrickson I, Dalin G, Drevmo S, et al. Ergonomic 
aspects of poor racetrack design. Equine Vet J 1975; 
7(2):63–65.

47. Oikawa M, Ueda Y, Inada J, et al. Effect of restructuring a
racetrack on the occurrence of racing injuries in
Thoroughbred horses. J Equine Vet Sci 1994; 14:262–268.

1067
49 Veterinary aspects of racing and training Thoroughbred race horses



48. Evans DL, Walsh JS. Effect of increasing the banking of a
racetrack on the occurrence of injury and lameness in
Standardbred horses. Aust Vet J 1997; 75(10):751–752.

49. Eaton MD, Evans DL, Hodgson DR, et al. Effect of treadmill
incline and speed on metabolic rate during exercise in
Thoroughbred horses. J Appl Physiol 1995; 79(3):951–957.

50. Grant BD. Rest, exercise, and physical therapy programs. In:
McIlwraith CW, Trotter GW, eds. Joint disease in the horse:
Philadelphia: WB Saunders; 1996:217–223.

51. Miyata H, Sugiura T, Kai M, et al. Muscle adaptation of
Thoroughbred racehorses trained on a flat or sloped track.
Am J Vet Res 1999; 60(12):1536–1539.

52. Ratzlaff MH, Hyde ML, Grant BD, et al. Measurement of
vertical forces and temporal components of the strides of
horses using instrumented shoes. J Equine Vet Sci 1990;
10:23–35.

53. Palmer S. Prevalence of carpal fractures in Thoroughbred
and Standardbred racehorses. J Am Vet Med Assoc 1986;
188:1171–1173.

54. Cervantes C, Madison JB, Ackerman N, et al. Surgical
treatment of dorsal cortical fractures if the third metacarpal
bone in Thoroughbred racehorses: 53 cases (1985–1989). 
J Am Vet Med Assoc 1992; 200(12):1997–2000.

55. Dallap BL, Bramlage LR, Embertson RM. Results of screw
fixation combined with cortical drilling for treatment of
dorsal cortical stress fractures of the third metacarpal bone in
56 Thoroughbred racehorses. Equine Vet J 1999;
31(3):252–257.

56. Hubbell JA, Hinchcliff KW, Muir WW, et al. Cardiorespiratory
and metabolic effects of walking, standing and standing with
a splint during the recuperative period from maximal exercise
in horses. Am J Vet Res 1997; 58(9):1003–1009.

57. Ridgeway K, Harman J. Equine back rehabilitation. Vet Clin
North Am Equine Pract 1999; 15(1):263–280.

58. Misumi K, Sakamoto H, Shimazu R. The validity of
swimming training for 2-year old Thoroughbreds. J Vet Med
Sci 1994; 56(2):217–222.

59. McIlwraith CW, Frisbie DD, Kawcak CE. Current treatments
for traumatic synovitis, capsulitis, and osteoarthritis. Proc
Am Assoc Equine Pract 2001; 47:180–210.

60. Tokuriki M, Ohtsuki R, Kai M, et al. EMG activity of the
muscles of the neck and forelimbs during different forms of
locomotion. Equine Vet J Suppl 1999; 30:231–234.

61. Knight PK, Sinha AK, Rose RJ. Effects of training intensity on
maximal oxygen uptake. In: Persson SG, Lindholm A, Jeffcott
LB, eds. Equine exercise physiology, vol 3. Davis CA: ICEEP
Publications; 1991:77–82.

62. Art T, Lekeux P. Training induced modifications in
cardiorespiratory and ventilatory measurements in
Thoroughbred horses. Equine Vet J 1993; 25:532.

63. Tyler CM, Golland LC, Evans DL, et al. Changes in maximum
oxygen uptake during prolonged training, overtraining, 
and detraining in horses. J Appl Physiol 1996;
81(5):2244–2249.

64. Burks RT, Bean BG, Marcus R, et al. Analysis of athletic
performance with prophylactic ankle devices. Am J Sports
Med 1991; 19:104–106.

65. Kobluk CN, Martinez del Campo L, Harvey-Fulton KA, et al. 
A kinematic investigation of the effect of a cohesive elastic
bandage on the gait of the exercising Thoroughbred
racehorse. Proc Am Assoc Equine Pract 1988; 
34:135–148.

66. Crawford W, Vanderby R, Neirby D, et al. The energy
absorbing capacity of equine support bandages. I Comparison
between bandages placed in various configurations and
tensions. Vet Comp Othop Trauma 1990; 1:2–9.

67. Crawford W, Vanderby R, Neirby D, et al. The energy
absorbing capacity of equine support bandages II.
Comparison between bandages of different materials. Vet
Comp Othop Trauma 1990; 1:2–9.

68. Wilson AM, Goodship AE. Exercise-induced hyperthermia as
a possible mechanism for tendon degeneration. J Biomech
1994; 27(7):899–905.

69. Birch HL, Wilson AM, Goodship AE. The effect of exercise
induced hyperthermia on tendon cell survival. J Exp Biol
1997; 200(11):1703–1708.

70. Porter M, Kobluk CN. Physical therapy and rehabilitation for
equine athletes. In: White NA, Moore JN, eds. Current
techniques in equine surgery and lameness, 2nd edn.
Philadelphia: WB Saunders; 1998:553–561.

71. Kaneps AJ. Tissue temperature response to hot and cold
therapy in the metacarpal region of a horse. Proc Am Assoc
Equine Pract 2000; 46:208–213.

72. Palmer JL, Bertone AL. Joint biomechanics in the
pathogenesis of traumatic arthritis. In: McIlwraith CW,
Trotter GW, eds. Joint disease in the horse. Philadelphia: 
WB Saunders; 1996:104–119.

73. Pool RR. Pathologic manifestations of joint disease in the
athletic horse. In: McIlwraith CW, Trotter GW, eds. Joint
disease in the horse. Philadelphia: WB Saunders;
1996:87–104.

74. Young A, O’Brien TR, Pool RR. Exercise related sclerosis in
the third carpal bone of the racing Thoroughbred. Proc Am
Assoc Equine Pract 1988; 34:339–346.

75. Pilsworth RC, Sheperd MC, Herinckx BM, et al. Fracture of
the wing of the ileum, adjacent to the sacroiliac joint, in
Thoroughbred racehorses. Equine Vet J 1994; 26:94–99.

76. Seeherman HJ. Clinical applications of bone scanning. In:
White NA, Moore JN, eds. Current techniques in equine
surgery and lameness, 2nd edn. Philadelphia: WB Saunders;
1998:592–605.

77. Stover SM. Stress fractures. In: White NA, Moore JN, eds.
Current techniques in equine surgery and lameness, 2nd edn.
Philadelphia: WB Saunders; 1998:451–459.

78. Riggs CM, Whitehouse GH, Boyd A. Pathology of the distal
condyles of the third metacarpal and third metatarsal bones
of the horse. Equine Vet J 1999; 31:140–148.

79. Shepherd MC. Stress fractures. Equine Vet Educ 2002;
14(2):75–76.

80. Kawcak CE, McIlwraith CW, Norrdin RW, et al. The role of
subchodral bone in joint disease: a review. Equine Vet J 2001;
33(2):120–126.

81. Nunamaker DM. Metacarpal stress fractures. In: Nixon AJ, ed.
Equine fracture repair. Philadelphia: WB Saunders;
1996:195–199.

82. Rodan GA. Introduction to bone biology. Bone 1992;
13:S3–S6.

83. Anderson MW, Greenspan A. Stress fractures. Radiology
1996; 199(1):1–12.

84. Riggs CM. Implications of bone adaptation in the
Thoroughbred racehorse. In: Robinson NE, ed. Current
therapy in equine medicine, 4th edn. Philadelphia: WB
Saunders; 1997:99–103.

85. Martin RB, Gibson VA, Stover SM, et al. Residual strength of
equine bone is not reduced by intense fatigue loading:
implications for stress fracture. J Biomech 1997;
30(2):109–114.

86. Neilsen BD, Potter GD, Morris EL, et al. Changes in the third
metacarpal bone and frequency of bone injuries in young
quarter Horses during race training – observations and
theoretical considerations. J Equine Vet Sci 1997;
17(10):541–548.

1068
Veterinary management of the performance horse



87. Porr CA, Kronfeld DS, Lawrence LA, et al. 
Deconditioning reduces mineral content of the third
metacarpal bone in horses. J Anim Sci 1998;
76(7):1875–1879.

88. Carrier TK, Estberg L, Stover SM, et al. Association between
long periods without high-speed workouts and risk of
complete humeral or pelvic fracture in Thoroughbred
racehorses: 54 cases (1991–1994). J Am Vet Med Assoc
1998; 212(10):1582–1587.

89. Nunamaker DM, Butterweck DM, Provost MT. Fatigue
fractures in Thoroughbred racehorses: relationship with age,
peak bone strain and training. J Orthop Res 1990;
8:604–611.

90. Boston RC, Nunamaker DM. Gait and speed as exercise
components of risk factors associated with onset of fatigue
injury of the third metacarpal bone in 2-year-old
Thoroughbred racehorses. Am J Vet Res 2000;
61(6):602–608.

91. Riggs CM. Fractures – a preventable hazard of racing
Thoroughbreds. Vet J 2002; 163(1):19–29.

92. Norwood GL. The bucked shins complex in 
Thoroughbreds. Proc Am Assoc Equine Pract 1989;
35:319–336.

93. Sullins K. Third metacarpal stress fractures. In: White NA,
Moore JN, eds. Current techniques in equine surgery and
lameness, 2nd edn. Philadelphia: WB Saunders;
1998:460–463.

94. Copelan RW. Incidence, location, and principles of treatment
of stress fractures of the 3rd metacarpal bone. Proc Am
Assoc Equine Pract 1979; 25:159–162.

95. Richardson DW. Dorsal cortical fractures of the equine
metacarpus. Comp Cont Educ Pract Vet 6:S248–265.

96. Pilsworth R, Shepherd M. Stress fractures. In: Robinson NE,
ed. Current therapy in equine medicine, 4th edn.
Philadelphia: WB Saunders; 1997:104–111.

97. Pool RR. Pathologic manifestations of joint disease in the
athletic horse. In: McIlwraith CW, Trotter GW, eds. Joint
disease in the horse. Philadelphia: WB Saunders;
1996:87–104.

98. De Haan CE, O’Brien TR, Koblik PD. A radiographic
investigation of third carpal bone injury in 42 racing
Thoroughbreds. Vet Radiol 1987; 28:88–92.

99. Bramlage LR. First aid and transportation of fracture
patients. In: Nixon AJ, ed. Equine fracture repair.
Philadelphia: WB Saunders; 1996:36–42.

100. Patterson-Kane JC, Wilson AM, Firth EC, et al. 
Exercise-related alterations in crimp morphology in the
central regions of superficial digital flexor tendons from
young Thoroughbreds: a controlled study. Equine Vet J 1998;
30:61–64.

101. Patterson-Kane JC, Firth EC, Parry DA, et al. Effects of
training on collagen fibril populations in the suspensory
ligament and deep digital flexor tendon of young
Thoroughbreds. Am J Vet Res 1998; 59(1):64–68.

102. Cherdchutham W, Meershoek LS, vanWeeren PR, et al.
Effects of exercise on the biomechanical properties of the
superficial digital flexor tendon in foals. Am J Vet Res 2001;
62(12):1859–1864.

103. Oikawa M, Goodship AE. Clinical and investigational
advances in the prevention of tendinitis. Equine Vet J 1999;
Suppl 30:640–641.

104. Genovese RL, Rantanen NW, Simpson BS, et al. Clinical
experience with quantitative analysis of superficial digital
flexor tendon injuries in Thoroughbred and Standardbred
racehorses. Vet Clin North Am Equine Pract 1990;
6:129–147.

105. Genovese RL. Prognosis of superficial flexor tendon and
suspensory ligament injuries. Proc Am Assoc Equine Pract 
of the 39th Annual AAEP Convention 1993; 39:9–10.

106. Goodship AE. The pathophysiology of flexor tendon injury in
the horse. Equine Vet Educ 1993; 5:23–29.

107. Dowling BA, Dart AJ, Hodgson DR, et al. Superficial digital
flexor tendinitis. Equine Vet J 2000; 32(5):369–378.

108. Gibson KT, Burbridge HM, Pfeiffer DU. Superficial digital
flexor tendinitis in Thoroughbred racehorses: outcome
following non-surgical treatment and superior check
desmotomy. Aust Vet J 1997; 75(9):631–635.

109. Marr CM, McMillan I, Boyd JS, et al. Ultrasonographic and
histopathological finding in equine superficial digital flexor
tendon injury. Equine Vet J 1993; 25(1):23–29.

110. Genovese RL, Reef VB, Longo KL, et al. Superficial digital
flexor tendinitis – long term sonographic and clinical study of
racehorses. In: Dubai International Equine Symposium
Proceedings: ‘The equine athlete: tendon, ligament and soft
tissue injuries’ 1996; 187–205.

111. Reef VB. Musculoskeletal ultrasonography. In: Equine
diagnostic ultrasound. Philadelphia: WB Saunders;
1998:39–186.

112. Romero JM, Dyson SJ. The diffusely filled limb. In: Robinson
NE, ed. Current therapy in equine medicine, 4th edn.
Philadelphia: WB Saunders; 1997:23–27.

113. Gillis C. Tendon and ligament rehabilitation. In: Dubai
International Equine Symposium Proceedings: ‘The equine
athlete: tendon, ligament and soft tissue injuries’ 1996;
417–421.

114. Marr CM. Advances in equine ultrasound. Vet Clin North Am
Equine Pract 2001; 17(2):305–317.

115. Rantanen NW. Principles of ultrasonographic examination of
tendons and ligaments. Proc Am Assoc Equine Pract 1993;
39:9–10.

116. Silver IA, Brown PN, Goodship AE, et al. A clinical and
experimental study of tendon injury, healing and treatment
in the horse. Equine Vet J 1983; Suppl 1:1–43.

117. Bramlage LR. Superior check ligament desmotomy as
treatment for superficial digital flexor tendinitis: initial report.
Proc Am Assoc Equine Pract 1986; 365.

118. Sawdon H, Yovich JV, Booth T. Superficial digital flexor
tendinitis in racehorses. Long term follow up of
conservatively managed cases. Aust Equine Vet 1996;
14:21–25.

119. Genovese R, Longo K, Berthold B, et al. Quantitative
sonographic assessment of superficial digital flexor injuries 
in Thoroughbred racehorses. Proc Am Assoc Equine Pract
1997; 43:285–290.

120. Gillis CL. Rehabilitation of tendon and ligament injuries. 
Proc Am Assoc Equine Pract 1997; 43:306–309.

121. Henniniger RW. Superficial digital flexor tendinitis. In: White
NA, Moore JN, eds. Current techniques in equine surgery and
lameness, 2nd edn. Philadelphia: WB Saunders;
1998:341–347.

122. Henninger RW, Bramlage LR, Schneider R. Short-term effects
of superior check ligament desmotomy and percutaneous
tendon splitting as a treatment for acute tendinitis. Proc Am
Assoc Equine Pract 1990; 36:539–540.

123. Bramlage LR, Rantanen NW, Genovese RL, et al. Long-term
effects of surgical treatment of superficial digital flexor
tendinitis by superior check desmotomy. Proc Am Assoc
Equine Pract 1988; 34:655–666.

124. Fulton IC, MacLean AA, O’Reily JL, et al. Superior check
ligament desmotomy for treatment of superficial digital flexor
tendinitis in Thoroughbred and Standardbred horses. Aust
Vet J 1994; 71(8):233–235.

1069
49 Veterinary aspects of racing and training Thoroughbred race horses



125. Bukowiecki CF, Bramlage LR, Gabel AA. In vitro strength of
the suspensory apparatus in training and resting horses. 
Vet Surg 1987; 16(2):126–130.

126. Wilson DA, Baker GJ, Pijanowski GJ, Boero MJ, et al.
Composition and morphologic features of the interosseous
muscle in Standardbreds and Thoroughbreds. Am J Vet Res
1991; 52(1):133–139.

127. Colbourne CM, Yovich JV. Suspensory ligament injuries in
racing horses: ultrasonographic diagnosis and long term
follow-up. Aust Equine Vet 1994; 12(3):119–128.

128. O’Brien TR, Morgan JP, Wheat D, et al. Sesamoiditis in the
Thoroughbred: a radiographic study. J Am Vet Rad Soc 1971;
12:75–87.

129. Hardy J, Marcoux M, Breton L. Clinical relevance of
radiographic findings in proximal sesamoid bones of
two-year-old standardbreds in their first year of training. 
J Am Vet Med Assoc 1991; 198(12):2089–2094.

130. Bertone AL. The fetlock. In: Stashak TS, ed. Adams’ Lameness
in horses, 5th edn. Baltimore: Lippincott, Williams and
Wilkins; 2002:768–782.

131. McIlwraith CW. Diseases of joints, tendons, ligaments and
related structures. In: Stashak TS, ed. Adams’ Lameness in
horses, 5th edn. Baltimore: Lippincott, Williams and Wilkins;
2002:459–644.

132. Spike DL, Bramlage LR, Howard BA, et al. Radiographic
proximal sesamoiditis in Thoroughbred sales yearlings. 
Proc Am Assoc Equine Pract 1997; 43:132–133.

133. Kane AJ, McIlwraith CW, Park RD, et al. The effect of
radiographic changes in Thoroughbred yearlings on future
racing performance. Proc Am Assoc Equine Pract 2000;
46:370–374.

134. Dyson SJ, Arthur RM, Palmer SE, et al. Suspensory ligament
desmitis. Vet Clin North Am Equine Pract 1995;
11(2):177–215.

135. Cowles RR. Proximal suspensory desmitis – a qualitative
survey. Proc Am Assoc Equine Pract 2000; 46:143–144.

136. Dyson SJ. Proximal suspensory desmitis in the forelimb and
the hindlimb. Proc Am Assoc Equine Pract 2000;
46:137–142.

137. Ford T, Ross M, Orsini P. A comparison of methods for
proximal palmar metacarpal anesthesia in horses. Vet Surg
1988; 18:146–150.

138. Bramlage LR, Gabel AA, Hackett RP. Avulsion fractures of the
origin of the suspensory ligament of the horse. J Am Vet Med
Assoc 1980; 176(10 Pt1):1004–1010.

139. Lloyd KC, Koblick P, Ragle C, et al. Incomplete palmar
fractures of the proximal extremity of the third metacarpal
bone in horses: ten cases (1981–1986). J Am Vet Med Assoc
1988; 192(6):798–803.

140. Ross MW, Ford TS, Orsini PG. Incomplete longitudinal
fracture of the proximal palmar cortex of the third
metacarpal bone in horses. Vet Surg 1988; 
17(2):82–86.

141. Boening KJ. Radial extracorporeal shock wave therapy 
for chronic insertional desmopathy of the proximal
suspensory ligament. Proc Am Assoc Equine Pract 2000;
46:203–205.

142. McClure S. Extracorporeal shock wave therapy: What is it?
What does it do to equine bone? Proc Am Assoc Equine Pract
2000; 46:197–199.

143. Cannon J. Common hoof conditions observed in racetrack
practice. Proc Am Assoc Equine Pract 1979; 
24:311–315.

144. Balch OK, Butler D, Collier MA. Balancing the normal 
foot: hoof preparation, shoe fit and shoe modifications 
in the performance horse. Equine Vet Educ 1997;
9(3):143–154.

145. Stephens PR, Nunamaker DM, Butterweck DM. Applications
of a Hall-effect transducer for measurement of tendon strain
in horses. Am J Vet Res 1989; 50:1089–1095.

146. Denoix J. Functional anatomy of tendons and ligaments in
the distal limbs. In: Dubai International Equine Symposium
Proceedings: ‘The equine athlete: tendon, ligament and soft
tissue injuries’ 1996; 23–53.

147. Reimersma DJ, van de Bogert AJ, Jansen MO, et al. Influence
of shoeing on ground reaction forces and tendon strains in
the forelimbs of ponies. Equine Vet J 1996; 28:133–138.

148. Clayton HM. Effects of hoof angle on locomotion and limb
loading. In White NA, Moore JN, eds. Current techniques in
equine surgery and lameness, 2nd edn. Philadelphia: WB
Saunders; 1998:504–509.

149. Kobluk CN, Robinson RA, Gordon BJ, et al. The effect of
conformation and shoeing: A cohort study of 95
Thoroughbred racehorses. Proc Am Assoc Equine Pract
1989; 35:259–274.

150. Balch OK, Helman RG, Collier MA. Underrun heels and 
toe-grab length as possible risk factors for catastrophic
musculoskeletal injuries in Oklahoma racehorses. Proc Am
Assoc Equine Pract 2001; 47:334–335.

151. Barrey E. Investigation of the vertical hoof force distribution
in the equine formlinb with an instrumented horseboot.
Equine Vet J 1990; Suppl 19(9):35–38.

152. Young J. Hoof balance: methods and assessment. In: White
NA, Moore JN, eds. Current techniques in equine surgery and
lameness, 2nd edn. Philadelphia: WB Saunders;
1998:510–512.

153. Goodness P. Composite repair of hoof injuries. In: White NA,
Moore JN, eds. Current techniques in equine surgery and
lameness, 2nd edn. Philadelphia: WB Saunders;
1998:516–518.

154. Frauenfelder HC, Rossdale PD, Ricketts SW. Changes in serum
muscle enzyme levels associated with training schedules and
the oestrus cycle in Thoroughbred racehorses. Equine Vet J
1986; 18(5):371–374.

155. MacLeay JM, Sorum SA, Valberg SJ, et al. Epidemiologic
analysis of factors influencing exertional rabdomyolysis
in Thoroughbreds. Am J Vet Res 1999; 60(12):

1562–1566.
156. Beech J. Chronic exertional rhabdomyolysis. Vet Clin North

Am Equine Pract 1997; 13(1):145–168.
157. Valberg SJ. Muscular causes of exercises intolerance in

horses. Vet Clin North Am Equine Pract 1996;
12(3):495–515.

158. MacLeay JM, Valberg SJ, Pagan JD, et al. Effect of diet on
Thoroughbred horses with recurrent exertional
rhabdomyolysis performing a standardized exercise test.
Equine Vet J 1999; Suppl 30:458–462.

159. Meyer H, Radicke S, Kienzle E, et al. Investigations on preileal
digestion of starch from grain, potato and manioc in horses. 
J Vet Med Assoc 1995; 42:371–381.

160. Beech J, Fletcher JE, Lizzo F, et al. Effect of phenytoin on the
clinical signs and in vitro muscle twitch characteristics in
horses with chronic intermittent rhabdomyolysis and
myotonia. Am J Vet Res 1988; 49(12):2130–2133.

161. Jeffcott LB. Historical perspective and clinical indications.
Vet Clin North Am Equine Pract 1997; 15(1):1–12.

162. Haussler KK, Stover SM. Stress fractures of the vertebral
lamina and pelvis in Thoroughbred racehorses. Equine Vet J
1998; 11(1):374–381.

163. Marks D. Medical management of back pain. Vet Clin North
Am Equine Pract 1999; 15(1):179–194.

164. Pilsworth RC, Head MJ. A study of ten cases of focal
peritarsal infection as a cause of severe lameness in the
Thoroughbred racehorse: clinical signs, differential

1070
Veterinary management of the performance horse



diagnosis, treatment and outcome. Equine Vet J 2001;
33(4):366–370.

165. Schneider RK, Bramlage LR, Moore RM, et al. A retrospective
study of 192 horses affected with septic
arthritis/tenosynovitis. Equine Vet J 1992; 24(6):436–442.

166. Burrel M. Endoscopic and virological observations on
respiratory disease in a group of young Thoroughbred horses
in training. Equine Vet J 1985; 17:99–103.

167. MacNamara B, Bauer S, Iafe J. Endoscopic evaluation of
exercise induced pulmonary hemorrhage and chronic
obstructive pulmonary disease in association with poor
performance in racing Standardbreds. J Am Vet Med Assoc
1990; 196:443–445.

168. Sweeney C, Humber K, Roby K. Cytological findings of
tracheobronchial aspirates from 66 Thoroughbred
racehorses. Am J Vet Res 1992; 53:1172–1175.

169. Burrel MH, Wood JL, Whitwell KE, et al. Respiratory disease
in Thoroughbred horses in training: the relationship between
disease and viruses, bacteria and environment. Vet Rec 1996;
139:308–313.

170. Cannon JH. Practical respiratory diagnosis. In: Dubai
International Equine Symposium Proceedings: ‘The 
diagnosis and treatment of respiratory disease’ 1997;
315–320.

171. Moore BR, Krakowka S, Robertson JT, et al. Cytological
evaluation of bronchoalveolar lavage fluid obtained from
Standardbred racehorses with inflammatory airway disease.
Am J Vet Res 1995; 56:562–567.

172. Christley RM, Hodgson DR, Rose RJ, et al. Coughing in
Thoroughbred racehorses: risk factors and tracheal
endoscopic and cytological findings. Vet Rec 2001;
148:99–104.

173. Christley RM, Hodgson DR, Rose RJ, et al. A case-control
study of respiratory disease in Thoroughbred racehorse in
Sydney, Australia. Equine Vet J 2001; 33(3):256–264.

174. Mumford JA, Rossdale PD. Virus and its relationship to 
the ‘poor performance’ syndrome. Equine Vet J 1980; 
12:3–9.

175. Christley RM, Hodgson DR, Rose RJ, et al. Attitudes of
Australian veterinarians about the cause and treatment of
lower respiratory tract disease in racehorses. Prev Vet Med
2000; 46:149–159.

176. Wood JL, Burrell MH, Roberts CA, et al. Streptococci and
Pasteurella spp. associated with disease of the equine lower
respiratory tract. Equine Vet J 1993; 25:314–318.

177. Wood JL, Chanter N. An outbreak of respiratory disease in
horses associated with Mycoplasma felis infection. Vet Rec
1997; 140:388–391.

178. Moore BR. Lower respiratory tract diseases. Vet Clin North
Am Equine Pract 1996; 12:457–472.

179. Wood JL, Newton JR, Chanter N, et al. A longitudinal
epidemiological study of respiratory disease in racehorses:
disease definitions; prevalence and incidence. In: Werney U,
Wade JF, Munford Kaaden JO, eds. Equine infectious diseases
VIII: Proceedings of the 8th International conference of
equine infectious diseases. Newmarket: R and W
Publications; 1999:64–70.

180. Chapman PS, Green C, Main JP, et al. Retrospective study 
of the relationships between age, inflammation and the
isolation of bacteria from the lower respiratory tract of
Thoroughbred horses. Vet Rec 2000; 146:91–95.

181. Moore BR, Krakowka S, McVey DS, et al. Inflammatory
markers in bronchoalveolar lavage fluid of Standardbred
racehorses with inflammatory airway disease: response to
interferon alpha. Equine Vet J 1997; 29:142–147.

182. Viel L. Lower airway inflammation in young performance
horses. In: Robinson NE, ed. Current therapy in equine

medicine, 4th edn. Philadelphia: WB Saunders;
1997:426–427.

183. Clarke AF. Stable dust–threshold limiting values, exposure
variables and host risk factors. Equine Vet J 1993;
25(3):172–174.

184. Thompson JR, Mcpherson EA. Prophylactic effects of sodium
cromoglycate on chronic obstructive pulmonary disease in
the horse. Equine Vet J 1981; 13(4):243–246.

185. Derksen FJ. Inhalation therapy for the treatment of lower
airway disease. In: Robinson NE, ed. Current therapy in
equine medicine, 4th edn. Philadelphia: WB Saunders; 1997;
429–431.

186. West JB, Mathieu-Costello O. Stress failure of pulmonary
capillaries as a mechanism for exercise induced pulmonary
hemorrhage in the horse. Equine Vet J 1994; 26:441–447.

187. Langesetmo I, Fedde MR, Meyer TS, et al. Relationship 
of pulmonary arterial pressure to pulmonary hemorrhage
in exercising horses. Equine Vet J 2000; 32(5):379–384.

188. Pascoe JR, Ferraro GL, Cannon JH, et al. Exercise induced
pulmonary hemorrhage in racing Thoroughbreds: a
preliminary study. Am J Vet Res 1981; 42:703–707.

189. Raphael CF, Soma L. Exercise induced pulmonary
hemorrhage in Thoroughbreds after racing and breezing. 
Am J Vet Res 1982; 46:1123–1127.

190. Weiss DJ, Smith CM. Haemorrheological alterations
associated with competitive racing activity in horses:
implications for exercise induced pulmonary hemorrhage
(EIPH). Equine Vet J 1998; 30:7–12.

191. Pascoe JR. Exercise induced pulmonary hemorrhage. In:
Robinson NE, ed. Current therapy in equine medicine, 
4th edn. Philadelphia: WB Saunders; 1997:441–443.

192. Roberts CA, Erickson HH. Exercise induced pulmonary
hemorrhage workshop. Equine Vet J 1999; Suppl
30:642–644.

193. Takahashi T, Hiraga A, Ohmura K, et al. Frequency of and risk
factors for epistaxis associated with exercise induced
pulmonary hemorrhage in horses: 251,609 race starts
(1992–1997). J Am Vet Med Assoc 2001; 218(9):1462–1464.

194. Bourke JM. Exercise induced pulmonary hemorrhage – the
Australian situation. Proceedings of the 9th International
Conference of Racing Analysts and Veterinarians, New
Orleans 1992; 115–119.

195. Meyer TS, Fedde MR, Gaughan EM, et al. Quantification of
exercise induced pulmonary hemorrhage with
bronchoalveolar lavage. Equine Vet J 1998; 30(4):284–288.

196. Gross DK, Morley PS, Hinchcliff KW, et al. Effect of
furosemide on performance of Thoroughbred horses racing in
the United States and Canada. J Am Vet Med Assoc 1999;
215:664–669.

197. Hinchcliff KW. Effects of furosemide on athletic performance
and exercise-induced pulmonary hemorrhage in horses. 
J Am Vet Med Assoc 1999; 215(5):630–635.

198. Manohar M, Hutchens E, Coney E. Pulmonary
hemodynamics in the exercising horse and their relationship
to exercise induced pulmonary hemorrhage. Br Vet J 1993;
149:419–428.

199. Manohar M, Goetz TE, Sullivan E, et al. Pulmonary vascular
pressures of strenuously exercising Thoroughbred horses
after administration of phenylbutazone and frusemide.
Equine Vet J 1998; 30:158–162.

200. Lester G, Clarke C, Rice B, et al. Effect of timing and route of
administration of furosemide in pulmonarly hemorrhage and
pulmonary arterial pressure in exercising Thouroughbred
racehorses. Am J Vet Res 1999; 60(1):22–28.

201. McKrane SA, Slocombe RF. Sequential changes in
bronchoalveolar cytology after autologous blood inoculation.
Equine Vet J 1999; Suppl 30:126–130.

1071
49 Veterinary aspects of racing and training Thoroughbred race horses



202. Erickson HH, Kindig CA, Poole DC. Role of the airways in
exercise induced pulmonary haemorrhage. Equine Vet J
2001; 33(6):537–539.

203. Geor RJ, Ommundson L, Fenton G, et al. Effects of an external
nasal strip and frusemide on pulmonary hemorrhage in
Thoroughbreds following high intensity exercise. Equine Vet J
2001; 33(6):577–584.

204. Goetz TE, Manohar M, Hassan AS, et al. Nasal strips do not
affect pulmonary gas exchange, anerobic metabolism, or
EIPH in exercising Thoroughbreds. J Appl Physiol 2001;
90(6):2378–2385.

205. Kindig CA, McDonough P, Fenton G, et al. Efficacy of nasal
strip and furosemide in mitigating EIPH in Thoroughbred
horses. J Appl Physiol 2001; 91(3):1396–1400.

206. Holcombe SJ, Berney C, Cornelise CJ, et al. The effect of
commercially available nasal strips on airway resistance 
in exercising horses. Am J Vet Res 2002; 63(8):
1101–1105.

207. Raphel CF. Endoscopic findings in the upper respiratory 
tract of 479 horses. J Am Vet Med Assoc 1982;
181(5):470–473.

208. Seeherman HJ. Left recurrent laryngeal neuropathy. In:
Robinson NE, ed. Current therapy in equine medicine, 
4th edn. Philadelphia: WB Saunders; 1997:404–407.

209. Derksen FJ, Holcombe SJ, Hartmann W, et al. Spectrum
analysis of respiratory sounds in exercising horses with
experimentally induced laryngeal hemiplegia or dorsal
displacement of the soft palate. Am J Vet Res 2001;
62(5):659–664.

210. Rakestraw PC, Hackett RP, Ducharme NG, et al. Arytenoid
cartilage movement in resting and exercising horses. 
Vet Surg 1991; 20(2):122–127.

211. Hammer EJ, Tulleners EP, Parente EJ, et al. Videoendoscopic
assessment of dynamic laryngeal function during exercise
in horses with grade-III left laryngeal hemiparesis at rest: 

26 cases (1992–1995). J Am Vet Med Assoc 1998;
212(3):399–403.

212. Tulleners EP, Stick JA. Laryngoplasty and repeat
laryngoplasty. In: White NA, Moore JN, eds. Current
techniques in equine surgery and lameness, 2nd edn.
Philadelphia: WB Saunders; 1998:137–142.

213. Russell AP, Slone DE. Performance analysis after prosthetic
laryngoplasty and bilateral ventriculectomy for laryngeal
hemiplegia in horses: 70 cases (1986–1991). J Am Vet Med
Assoc 1994; 204(8):1235–1241.

214. Fulton IC, Derksen FJ, Stick JA, et al. Treatment of left
laryngeal hemiplegia in Standardbreds, using nerve muscle
pedicle graft. Am J Vet Res 1991; 52(9):1461–1467.

215. Fulton IC. Treating equine laryngeal paralysis and paresis
using a nerve muscle pedicle graft. In: Proceedings of the
Veterinary Comparative Respiratory Society: Melbourne
2000. Online: http://tvms.tufts.edu/vcrs/2000/
present.htm.

216. Robertson JT. Dorsal displacement of the soft palate. In:
White NA, Moore JN, eds. Current techniques in equine
surgery and lameness, 2nd edn. Philadelphia: WB Saunders;
1998:131–135.

217. Holcombe SJ, Derksen FJ, Stick JA, et al. Pathophysiology of
dorsal displacement of the soft palate in horses. Equine Vet J
1999; Suppl 30:45–48.

218. Tulleners E. Epiglottiditis. In: White NA, Moore JN, eds.
Current techniques in equine surgery and lameness, 2nd edn.
Philadelphia: WB Saunders; 1998:135–137.

219. Holcombe SJ, Robinson NE, Jackson C, et al. Stabling, airway
inflammation, and dorsal displacement of the soft palate in
young horses. Proc Am Assoc Equine Pract 2000;
46:254–255.

220. Tulleners E, Stick JA, Leitch M, et al. Epiglottic augmentation
for treatment of dorsal displacement of the soft palate in
racehorses: 59 cases (1985–1994). J Am Vet Med Assoc
1987; 211(8):1022–1028.

221. Hay W, Tulleners E. Excision of intralaryngeal granulation
tissue in 25 horses using a Nd:YAG laser (1986–1991). 
Vet Surg 1993; 22:129–134.

222. Sullins KE. Minimally invasive laser treatment of arytenoid
chondritis in 5 horses. Proc Am Assoc Equine Pract 2001;
47:120–122.

223. Tulleners EP, Harrison IW, Raker CW. Management of
arytenoid chondropathy and failed laryngoplasty in horses:
75 cases (1979–1985). J Am Vet Med Assoc 1988;
192(5):670–675.

224. Hammond CJ, Mason DK, Watkins KL. Gastric ulceration in
mature Thoroughbred horses. Equine Vet J 1986;
18:284–287.

225. Murray MJ. Gastic ulceration in horses with colic: 91 cases
(1987–1990). J Am Vet Med Assoc 1992; 195:1135–1138.

226. Murray MJ, Schusser GF, Pipers FS, et al. Factors associated
with gastric lesions in Thoroughbred racehorses. Equine Vet J
1996; 28:368–374.

227. Johnson JH, Vatistas N, Castro L, et al. Field survey of the
prevalence of gastric ulcers in Thoroughbred racehorses and
on response to treatment of affected horses with omeprazole
paste. Equine Vet Educ 2001; 13:221–224.

228. Andrews FM, Nadueau JA. Clinical syndromes of gastric
ulceration in foals and mature horses. Equine Vet J 1999;
Suppl 29:30–33.

229. Murray MJ, Eichorn ES. Effects of intermittent feed
deprivation, intermittent feed deprivation with ranitidine
administration, and stall confinement with ad libitum access
to hay on gastric ulceration in horses. Am J Vet Res 1996;
57:1599–1602.

230. Collier D. Gastric ulceration: a response to an unnatural
environment. Equine Vet J 1999; Suppl 29:5–6.

231. Vatistas NJ, Snyder JR, Neito J, et al. Acceptability of a paste
formulation and efficacy of high dose omeprazole in healing
gastric ulcers in horses maintained in race training. Equine
Vet J 1999; Suppl 29:71–76.

232. Begg LM, Hutchins DR, Suann CJ. Atrial fibrillation.
233. Holmes JR, Henigan M, Williams RB, et al. Paroxysmal

atrial fibrillation in racehorses. Equine Vet J 1986;
18(1):37–42.

234. Mitten LA. Cardiovascular causes of exercise intolerance. 
Vet Clin North Am Equine Pract 1996; 12(3):473–494.

235. Marr CM Equine cardiology
236. Kriz NG, Hodgson DR, Rose RJ. Prevalence and clinical

importance of heart murmurs in racehorses. J Am Vet Med
Assoc 2000; 216(9):1441–1445.

237. Young LE, Wood JL. Effect of age and training on murmurs of
atrioventricular valvular regurgitation in young
Thoroughbreds. Equine Vet J 2000; 32(3):195–199.

1072
Veterinary management of the performance horse



bred Trotter, and the Russian Trotter.1 The Coldblooded
Trotter of parts of Scandinavia is not related to the
Standardbred, being derived from the Dole Horse.5 Trotters in
Scandinavia derived approximately 94% of their genetic
make-up from North American Standardbreds, with the
remainder coming from French horses.6 Presently, at least 24
countries, including countries in Scandinavia, Europe, and
Australasia, have active organizations that promote
Standardbred racing. The centers of Standardbred racing are
the Midwest and East Coast of the USA, eastern Canada,
Scandinavia, Australia, and New Zealand.

Although the Standardbred was derived from Thorough-
breds and in many respects resembles that breed, there are
readily apparent differences. Stardardbreds are often not as
tall as are Thoroughbreds, being 15 to 16 hands at the
withers, are more heavily muscled and tend to be longer in
the body. A prominent aspect of many Standardbreds is the
presence of a Roman nose and large head. The predominant
colors are bay, brown, and black, although gray horses do
occur. Regional variations in the breed occur, with Finland
having its own variation of the Standardbred.

Genetic aspects of performance

The population of Standardbred race horses has been sub-
jected to strong selection pressure based on racing performance
for most of the duration of the breed. The relative consistency
of the type of racing, including use of the 1 mile (1640 m)
race, has facilitated this selection. A consequence of this strong
selection pressure, and other factors such as improved training
methods, equipment and racing facilities, has been a progres-
sive reduction in racetimes.6 The decrease in race time has been
well documented for Swedish Trotters (Fig. 50.1).6 The reduc-
tion is exponential and appears to be approaching an asymp-
tote, which is predicted to occur in 2015.6

Whereas it is well recognized that many non-genetic
factors influence racing ability and, in particular, the speed
over any one race, the ability to detect effects of selective
breeding relies on identifying methods to compare horses to 
a common standard. The concept of the ‘race pace’ has

The breed and racing

Standardbred

Origins of the breed

The Standardbred racehorse, sometimes referred to as the
American Trotter, originated in the USA and Canada in the
early 1800s, with the breed society being formed in 1871.1

Standardbred horses all trace their male lineage to Messenger,
a Thoroughbred foaled in England in 1780 and exported to
the USA, and to his four sons: George Wilkes, Dictator, Happy
Medium, and Electioneer.2 However, although mainly derived
from Thoroughbred stock, Morgan and Hackneys also con-
tributed to the Standardbred gene pool.1 The Standardbred
name derived from the requirement that, in order to be
entered into the register of the new breed, Trotters had to
complete a mile in a prescribed (standard) time.

Standardbreds are divided into two groups based on gait
while racing, although a small number (~ 2%) use both gaits
at some stage in their racing career.3 There is a strong
influence of gait on breeding in that most horses race at the
gait used by their sire. Approximately 20% of offspring sired
by Trotters register as pacers, whereas only 1% of offspring
sired by pacers are registered as Trotters.4 The extent of the
genetic difference between Standardbred Trotters and pacers
is as great or greater than that seen between some distinct
horse breeds.4

Subsequent to its development in North America,
Standardbreds and harness racing were exported to many
countries. The Standardbred (American Trotter) is the origin
of the Danish Trotter, Romanian Trotter, Swedish Standard-
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therefore evolved. The ‘pace’ of a race is the speed of the
winning horses. Performance of non-winning horses is then
standardized by linear regression to this ‘pace’, thereby
removing the influence of environmental factors.7 Using this
and similar approaches, heritability of speed was 0.31 ± 0.3
for pacers and 0.16 ± 0.09 for Trotters.7 Heritability of speed 
was lower for 3 years than for 2-year-olds (0.25 ± 0.03 versus
0.44 ± 0.07, respectively) and may be due to culling.7

Similarly, the heritability of earnings, average time and best
time for Trotters was 0.20, 0.32, and 0.25, respectively.8 The
heritability of best time for a pacer was 0.23.8

Gait and racing

Gait

Standardbreds are raced both under saddle and pulling a
light cart (sulky) upon which the driver sits. Racing under
saddle is uncommon and mainly of novelty value. Almost all
Standardbred racing involves the horse pulling a cart (some-
times referred to as a racebike or ‘bike’).

Standardbreds race using either of two gaits – trotting or
pacing (Fig. 50.2). While within the one racing jurisdiction
horses can use either gait, pacers always compete against
pacers and Trotters always compete against Trotters. Pacing
is the faster gait, with pacers completing 1 mile approxi-
mately 3.5 s faster than Trotters.9

Trotters move with a diagonal gait such that the left front
and right rear legs are advanced simultaneously, as are then
the right front and left rear. Trotters are either line-gaited or
passing-gaited. Line-gaited Trotters move their ipsilateral
limbs in the same sagittal plane whereas passing-gaited
Trotters move their limbs in different sagittal planes. The
limbs of passing-gaited horses pass each other during the gait
whereas those of the line-gaited horse come together 
(Fig. 50.3). Pacers move in a lateral gait with the legs on one
side of their body advancing simultaneously such that the left
front and rear, and then the right front and rear, are
advanced at the same time (see Fig. 50.2).

Gait abnormalities – interference

Aspects of lameness in Standardbreds are discussed in detail
later in this chapter. However, the gait of both Trotters and
pacers predisposes them to problems arising from interfer-
ence. Interference is the term used to describe a horse hitting
one leg with the hoof of another leg, or, in the case of elbow
interference, the same leg.

Interference in Trotters involves the hoof of the forelimb
on one side striking parts of the ipsilateral hindlimb (Fig.
50.4). Scalping, speedy-cutting, shin-hitting, and hock
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Fig. 50.1
Racing times of Swedish Standardbred trotters demonstrating
progressive reduction in race time over an 18-year period.
(Reproduced with permission from Arnason.6)

(A)

(B)

Fig. 50.2
(A) A horse pacing. (B) A horse trotting. Reproduced with
permission of the United States Trotting Association.

(A)                                                 (B)

Fig. 50.3
Drawing of leg positions of a line-gaited (A) and passing-gaited
(B) Trotter. (Redrawn with permission from Sylvester.35)



hitting can all occur. Injuries are usually mild but can be
sufficiently painful for the horse to be hesitant in trotting or
pacing, or to not want to race at top speed. Interference in
Trotters can result in the horse stumbling and breaking gait.
Among pacers, interference is between the forelimb and con-
tralateral hindlimb and is termed ‘crossfiring’ (Fig. 50.5).
Striking of the sole of the forefoot by the ipsilateral hind foot
is referred to as ‘forging’ (Fig. 50.6). Injuries to the fetlock,
metacarpus, carpus, and medial antebrachium occur when
the contralateral hoof hits one of these areas (Fig. 50.7).
Interference can be minimized by changes in shoeing, includ-
ing the use of weighted shoes, and equipment. Injuries result-
ing from interference can be minimized by application of
protective boots and bandages (see below).

Equipment

Standardbreds wear a wide range of equipment when train-
ing and racing. The equipment is used to assist the horses
maintain the desired gait, attach the horse to the sulky or
cart, and permit the driver to maintain control and direct the
horse.10 Pacers are aided in maintaining their gait by light
hobbles (Fig. 50.8), which they wear whenever they race,
whereas Trotters only occasionally wear trotting hobbles.
The hobbles are usually made of light plastic and have a
length of 50–60 inches (112–135 cm), which is adjusted
depending on the size of the horse and the length of the
track. Shorter hobbles are used on smaller (e.g. half mile)
than on larger (e.g. 1 mile) tracks.11 Horses are more likely to
‘break’ if the hobble is too long, whereas a hobble that is too
short limits performance.11

The harness consists of a girth, backstrap and crupper,
pads, and breast collar. The shafts of the sulky or cart are
connected to the harness. The tail is placed through the
crupper, which is attached to the backstrap. The backstrap
prevents the harness from sliding forward on the horse. 
The breast collar prevents the harness from slipping back.
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Fig. 50.4
Sites of interference in a trotting horse: (1) scalping,
(2) speedy-cutting, (3) shin-hitting (as illustrated), and (4) hock
hitting. (Redrawn with permission from Haughton.36)

Fig. 50.5
Crossfiring, in which one hind foot hits the contralateral
forefoot, occurs in pacers. (Redrawn with permission from
Haughton.36)

Fig. 50.6
Forging, in which
the hind foot hits
the ipsilateral
forefoot, occurs in
Trotters. (Redrawn
with permission
from Haughton.36)
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Fig. 50.7
Interference, in which the foot of
one forelimb strikes the opposite
forelimb, occurs at several levels:
(1) the fetlock, (2) the medial
metacarpus, (3) the medial carpus,
and (4) the medial antebrachium.
(Redrawn with permission from
Haughton.36)

Fig. 50.8
Hobbles used to assist pacers in maintaining their gait while
racing and training. (Redrawn with permission from
Haughton.36)



The breast strap is occasionally replaced with a Buxton
martingale (Fig. 50.9).

Martingales, which usually run from the girth to the
halter, are used to keep the horse’s head in position and in
particular to prevent it throwing or tossing its head. There are
several different designs of martingale (Fig. 50.10).

Horses also wear any one of a variety of bridles (which
might include ‘blinders’) designed to limit the visual field 
(Fig. 50.11). Bridles are selected based on the horse’s tem-

perament and handling characteristics. Bits, which are used
to direct the horse and to maintain its head position, vary
widely in design (Fig. 50.12). Check bits are used with a
check rein to prevent the horse excessively flexing its neck
and ‘choking down’. The check rein is attached to the check
bit over the nose and then runs up between the ears before
attaching to the girth strap over the horse’s back.

Horses can wear a variety of boots to protect against the
effects of interference (Fig. 50.13). Boots that cover the
dorsal metatarsus and fetlock protect against interference in
these areas. Other variations on this boot include an attach-
ment that protects the speedy-cut area of the dorsal pastern.
Yet other boots extend proximally to protect the hock. A
shorter boot protects just the distal metatarsus and fetlock.
Bell boots and scalpers provide protection for the proximal
hoof and coronary band.

Racing statistics

Standardbreds are bred with the intention of having them
race, although not all foals born and registered eventually
race. There were 11 332 registered Standardbreds in North
America (the USA and Canada) in 2002.12 These horses
started 39 600 times at 288 tracks for a total purse of
$US 500 724 338.12 This compares with 17 637 registered
horses in 1986 starting 57 021 times at 464 tracks for 
$US 387 474 745.12 In Australia in 2001 there were 13 552
horses that had 14 471 starts in 15 558 races for a total stake-
money of $71 500 000.13 Sweden, which permits only
Trotters to race, has 31 harness tracks at which approximately
10 000 races are held with 110 000 starters each year.14 The
total prize money annually is 700 000 000 crowns.14

Most Standardbreds are eligible to first race as 2- or 
3-year-olds. Although information regarding age at first start is
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Fig. 50.9
Buxton martingale (arrow) used in place of a chest strap to
maintain the correct position of the harness. (Redrawn with
permission from Haughton.36)

Standing martingale              Combination martingale     Split martingale
(with elastic insert)

Fig. 50.10
Martingales used on harness horses. (Redrawn with permission from Haughton.36)



not available for all regions in which Standardbreds race, in
Canada the average age at the time of the first race for horses
born in 1972 was 3.4 ± 0.5 years,3 although the age at which
horses first race has likely decreased since that time. For foals
born in 1972 in Canada, 67% eventually raced, with approxi-
mately 17% having their first race as 2-year-olds, 48% as 
3-year-olds, and 22% as 4-year-olds.3 This is similar to the
situation with Dutch trotters.15 Horses that first raced as 
2-year-olds had longer racing careers than horses first raced as
3-year-olds (5.1 versus 4.4 years).3 Horses older at the time of
their first race had progressively shorter racing careers. The
racing life ranged from < 1 to 10 years, with an average of
4.1 ± 0.1 years. There is no difference in racing life span of trot-
ters and pacers.3

There are important differences among sexes in the propor-
tion of horses that race – 78% of male (colt and stallion), 88%
of geldings, and 54% of fillies born in 1972 raced at some time.3

The smaller proportion of fillies that eventually race is likely
related to their tractability in early training, and opportunities
for breeding when health and management problems related to
training or racing are encountered.

Among Standardbreds born in Canada in 1972, 80% won
at least one race during their career.9 The number of starts
during the horses career ranged from 1 to 347, with the 95%
confidence interval for number of starts being 21 to 70 races.
Thirty percent of horses had fewer than 20 starts and 29%
raced more than 100 times.9 The average horse had its best
racing performance (fastest race) 2.55 years after its first race
at a mean age of 5.27 years.9

Training the Standardbred

General principles

Most human sporting performances are governed by three
general factors: technique, physiological fitness, and mental
toughness. Standardbred race horses are no different, they

require all three factors, but in particular physiological fitness
and physical training, although a smooth economical pacing
or trotting gait and a tough mental attitude to training and
racing will also help. Consequently, one of the major ele-
ments to a successful Standardbred race horse is the trainer’s
ability to enhance physical fitness.

Training can be explained as a systematic and controlled
application of a stimulus (stress) above that normally encoun-
tered by the animal, which forces the body to reorganize itself
and thereby adapt. These overloading stimuli are normally
given in a slowly progressive manner to enable the gradual
adaptation of the animal to the training stress. In the case of
race horses, the aim is to give the appropriate amount of train-
ing stimulus to realize the horse’s full racing potential.

A major consideration when training horses is the energy
requirements needed during the actual racing event.
Standardbred race horses generally race over distances of
1600–3200 m (1–2 miles), which usually takes approximately
2:00–4:20 minutes to complete. Although there is some dis-
agreement over the exact proportion of energy supplied by the
aerobic and anaerobic pathways, it is generally considered that
Standardbred race horses gain the majority of their energy
during a race from the aerobic pathway (~60–90%) while 
the anaerobic pathways contribute a smaller but still impor-
tant proportion (10–30%).16 For that reason, training the
Standardbred should focus on stressing both the aerobic and
anaerobic energy pathways, as both respond to training,17

however the majority of work should be aerobic in nature.

Training programs

Traditional training programs

Traditionally training programs for Standardbreds have
incorporated three or four basic phases:

● Phase 1. The Initial or Foundation Phase: The aim of this
phase of training is to develop aerobic fitness and decrease
bodyweight, strengthen the muscles and joints, improve
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Fig. 50.11
Bridles used on Standardbred race horses. (Redrawn with permission from Haughton.36)



joint mobility and establish good training habits. Train-
ing during this phase usually consists of low-intensity
moderate-duration exercise. For the Standardbred this
usually incorporates slow jogging.

● Phase 2. Preparation Phase: This phase is usually separated
into a number of subphases but overall the trainer is
trying to increase the efficiency of the energy system(s)
predominant in the event – namely the aerobic system.
The trainer is also attempting to develop and maximize the
components of fitness required by the Standardbred
during racing, which includes strength, speed, power and
flexibility. Training during this phase is usually character-
ized by alternate days of low-intensity jogging and higher-
intensity gallop, pace, or trotting work.

● Phase 3. Competition or Racing Phase: The aim of this phase
of training is to maintain rather than improve appropriate
energy systems and fitness components required by the
Standardbred during racing. Training during this phase is
characterized by similar training to the final preparation
phase, however, it will often involve a reduction in the
high-intensity exercise, especially if competing regularly.

● Phase 4. Rest or Lay-off Phase: During this phase of train-
ing the horse is spelled, usually in a paddock, and given
complete rest from any training. To decrease expenses
during this phase the horse is normally transported back
to the owners. This phase allows the horse to recover both
physically and mentally from the racing season.

Standardbreds in Australiasia typically race over distances
ranging from 1600 to 3200 m whereas Standardbreds in
North America tend to race over the shorter distances of
1600–2200 m. Although current practices of New Zealand
trainers, and an example of a more scientific approach from
an Australian trainer have been published recently, similar
training information from American trainers is difficult to
find.18,19 Sherman & Hopkins (1995)18 investigated the train-
ing practices used by New Zealand’s top 100 trainers of
Standardbred maiden pacers and revealed that most trainers
tend to give their horses very similar types of training. They
reported that most New Zealand trainers separated their
training into three preparation phases and a racing phase.
The initial preparation phase is similar to the foundation
phase described above and consisted mainly of jogging the
horses at a steady pace (see Table 50.1) for 5–6 weeks with
one rest day per week. The middle preparation phase followed
and signaled the start of fast work. Fast work normally
involved the horses being harnessed-up into their hobbles
and pulling the racing cart. The final preparation phase,
which lasted about 4 weeks, then followed. In the racing or
competition phase, the majority of New Zealand trainers con-
tinued a similar pattern of training, however, about one-third
of the trainers incorporated one or more ‘strong’ workouts
(galloping rather than pacing in the cart).

Sherman and Hopkins18 found that the intensity of the
fast work increased during training but, interestingly, the
intensity of the jog work remained unchanged throughout
training. The speed at which horses were jogged remained at
about 19 km/h whether they were in the initial preparation
phase or the racing phase of training. The intensity of jog
work described in the training program by Lovel19 was 
almost the same as that described by Sherman and
Hopkins.18 However, the horses in Lovell’s program started
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Training Training day Type Distance Speed Intensity Duration
phase (m) (km/h) (%) (min:s)

Initial preparation
Weeks 1–5 Mon–Sat Jog 12400 19.6 44.9 38:20

Sun Off

Mid-preparation
Weeks 6–10 Mon,Wed, Fri Jog 11900 19.1 43.7 37:40

Tue,Thu, Sat Fast 4500 32.3 74.0 10:00
Sun Off

Final preparation
Weeks 11–14 Mon,Wed, Fri Jog 12800 19.5 44.6 39:20

Tue,Thu, Sat Fast 3200 40.0 91.6 4:50
Sun Off

Racing
Two-weekly Sat Race

Sun Off
Mon Jog 11800 19.6 44.9 36:40
Tue Jog 11800 19.6 44.9 36:40
Wed Jog 11800 19.6 44.9 36:40
Thu Fast 3000 41.6 95.3 4:30
Fri Jog 11800 19.6 44.9 36:40
Sat Fast 3000 41.6 95.3 4:30
Sun Off
Mon Jog 11800 19.6 44.9 36:40
Tue Fast 3000 41.6 95.3 4:30
Wed Jog 11800 19.6 44.9 36:40
Thu Fast 3000 41.6 95.3 4:30
Fri Jog 11800 19.6 44.9 36:40
Sat Race

The means for 26 trainers (mid-preparation phase) or 94 trainers (all other phases).Workout intensities are
percentages of qualifying pace, which was calculated from the average qualifying time for a maiden pacer over 2400 m,
which was 3:18 min:s.

Table 50.1 Training phases for maiden pacers of a typical top trainer In New Zealand18

(A)               (B) (C)             (D)

Fig. 50.13
Protective boots worn on the hind limbs by trotters. (A) The standard hind shin boot with speedy-cut attachment and a low scalper
(left, side view; right, front view). (B) The standard hind shin boot. (C) Standard hind shin boot with speedy-cut attachment and hock
protection. (D) Hind ankle boot with speedy-cut attachment. (Redrawn with permission from Haughton.36)



with much less jog work, which was quickly increased to be
approximately the same as that described by Sherman and
Hopkins by week 5 of the program (Table 50.2). Both train-
ing programs introduced fast work at about the same time

(week 5) and typically trained the horses with alternating fast
and slow days. Lovell’s program is slightly more scientific in
that the work intensities are calculated from a standard
fitness test, which he suggests should be carried out every 2
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Training phase Training day Type Distance (m) Speed Intensity 
(km/h) (% V

HRmax
)

Pretraining
Week 1 Mon,Tue Jog 5000 19.0

Wed–Sat Jog 6000 19.0
Sun Off

Week 2 Mon–Sat Jog 8000 19.0
Sun Off

Week 3 Mon–Sat Jog 10000 19.0
Sun Off

Week 4 Mon–Fri Jog 13000 19.0
Sat VHRmax 4000 37.5
Sun Off

Foundation training
Week 5 Mon,Wed, Fri Jog 10000 19.0

Tue,Thu Fast 2 × 1000 90%
Sat Fast 3 × 1000 90%
Sun Off

Week 6 Mon,Wed Jog 10000 19.0
Tue,Thu, Sat Fast 3 × 1000 90%
Fri VHRmax 4000 37.5
Sun Off

Week 7 Mon,Wed, Fri Jog 10000 19.0
Tue,Thu, Sat Fast 3 × 1000 90%
Sun Off

Week 8 Mon,Wed Jog 10000 19.0
Tue,Thu, Sat Fast 3 × 1000 90%
Fri VHRmax 4000 37.5
Sun Off

Racing
Week 9 Mon,Wed, Fri Jog 6–10000 19.0

Tue,Thu Fast 1 × 1600 90%
Sat Fast 1 × 1600 first 1200 at 90% 

last 400 at 110%
Sun Off

Week 10 Mon,Wed Jog 6–10000 19.0
Tue Fast 1 × 1600 90%

Fast 1 × 1600 first 1200 at 90% 
last 400 at 110%

Thu Fast 1 × 1600 90%
Fast 1 × 1200 90%
Fast 1 × 400 110%

Fri VHRmax 4000 37.5
Sat Fast 1 × 1600 90%

Fast 1 × 1600 800 at 90% 
next 400 at 110% 
last 400 in 30 s

Sun Off

VHRmax is an exercise test that uses four bouts of 1000 m at increasingly higher speeds to calculate the velocity at
which the horse’s heart rate reaches maximum. Overall the horse covers 4000 m during this exercise test, at an
average speed of 37.5 km/h. Intensity is given as a percentage of the velocity reached at heart rate maximum during
the VHRmax test. Prior to all fast work sessions and exercise tests, horses should be given a warm-up consisting of a jog
for 3000 m at a speed of 19 km/h.

Table 50.2 Suggested training for a mature Standardbred that has raced before but has been turned
out for a prolonged rest19



weeks or so. Basically, the test uses heart-rate measurements
during a series of 1000 m trials at specific speeds to calculate
the velocity at which the horse’s heart rate reaches
maximum. As the horse becomes fitter the speed at which it
can travel at maximum heart rate increases, thereby allowing
the adequate planning of appropriate training intensities.
However, most trainers do not have access to heart-rate mon-
itors and therefore plan their training intensity around dis-
tance and time.

As the two training programs demonstrate, there is an
increase in intensity of fast work approaching the final prepa-
ration and racing phases and a slight reduction in fast work
volume. The higher training intensities during these phases
are designed to stress the horses in a way that is similar to the
actual race. Neither training program actually asks the
horses to complete time trials or to train at race pace for any
length of time.

Interval and tapered training programs

A relatively new type of training that attempts to improve
performance by introducing training that is close to or even

above race pace is interval training. Interval training for the
race horse has been discussed by Tom Ivers in his book The Fit
Racehorse.20 In his book, Ivers outlines the general concept
and proposed benefits of interval training and gives examples
of structured interval training sessions.

Interval training involves bouts of exercise alternated with
periods of relief (or rest) and has been shown to be an effec-
tive way to train the appropriate energy systems in human
and equine athletes.21,22 Interval training decreases fatigue
and allows for a greater amount of high-intensity work to be
performed than if work was carried out in one continuous
stretch. For example, suppose you exercised your horse con-
tinuously as hard as you could for 3 min, then on another
occasion suppose you ran the horse intermittently, exercising
the horse just as hard as you did continuously, but for only
30 s at a time with 2 min of rest between each run. If you
repeat this six times you would have completed the same
amount of work but the degree of fatigue following the inter-
mittent or interval exercise would be considerably less. After
the continuous exercise the horse would be extremely
fatigued and tired compared with the horse after the interval
training session. Essentially, with interval training the recov-
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Aim: Able to pace 1600 m in 1:57 (1000-m track).
Required base: At least 400 km in previous 84 days.
Frequency: Every 4 days.
Rest-period criteria: Heart rate 110 or less within 5 min of completing the interval.
Interval criteria: If time greater than 1.5 s outside scheduled time, session halted. Only proceed to next
step if all criteria for previous level have been met.

Training Distance Repetitions Work interval Rest interval
level (m) (number of time (min:s) time (min:s)

heats)

1 600 2 0:56 5:00
2 800 2 1:15 5:00
3 1000 2 1:35 5:00
4 600 3 0:53 5:00
5 800 3 1:10 5:00
6 1000 3 1:28 5:00
7 1200 2 1:45 5:00
8 600 4 0:50 5:00
9 800 4 1:07 5:00

10 1000 4 1:25 5:00
11 1200 3 1:42 5:00
12 800 4 1:05 5:00
13 1000 4 1:23 5:00
14 1200 3 1:40 5:00
15 800 4 1:03 5:00
16 1000 4 1:20 5:00
17 1200 3 1:38 5:00
18 800 3 1:00 5:00
19 600 4 0:44 5:00
20 1000 2 1:18 5:00
21 800 2 0:58 5:00
22 600 3 0:42 5:00
23 1000 1 1:15 5:00
24 800 2 0:57 5:00
25 600 2 0:41 5:00

Table 50.3 Sample interval training programme for Standardbred horses23



ery period allows for replenishment of stored energy in the
muscles, removal of lactic acid, and recovery from the exer-
cise bout. Therefore the horse is less fatigued when it starts its
next bout of exercise, and the quality of training is better
than if the horse completed the exercise continuously.

Normally, in training for middle- to long-distance events,
the exercise intensity is set around the anaerobic threshold to
improve aerobic capacity without producing too much lactic
acid and consequently fatigue. However, trainers should also
think about training at intensities over the anaerobic thresh-
old to help train the anaerobic energy system that is also
required during a race. Shorter, very-high-intensity sprint
intervals might also help at improving speed.

When constructing an interval training program the fol-
lowing terms are used:

● Work interval: the length of time the horse is exercising
(sometimes expressed as the distance covered, e.g.
1000 m).

● Rest or Relief interval: the time between work intervals in a
set. The relief interval can consist of light activity such as
walking or mild to moderate exercise such as jogging.

● Repetition: the number of work intervals per set.
● Sets: A group of work and relief intervals.

An example of an interval training program can be seen in
Table 50.3. In this program the recovery time has been set
randomly at 5 min, during which time the horse walks. As
can be seen from the table, the trainer who developed this
program considers that the interval training should occur
only every 4 days.23 Most interval training programs allow
more days between interval exercise bouts to allow for full
recovery from the much higher stresses involved. Horses
would normally be given slow work between the interval
training days. Because of the high stresses involved, interval

training is not recommended until a sound fitness base has
been established.

Some trainers prefer to use heart-rate measurements
when programming exercise intensity for interval training,
rather than strict performance times that can be influenced
by track and weather conditions. If using the heart-rate
monitor the aim at the start of interval training would be to
get the horses’ heart rate up to about 180–200 bpm (approx-
imately anaerobic threshold). With a gradual increase in
fitness this target can be progressively increased to a heart
rate of about 200 bpm or more. In most cases, however,
trainers will use the heart-rate monitor to judge the recovery
ability of the horses. A target of about 110–120 bpm after
5 min recovery indicates that the horse has recovered
sufficiently to continue with the next bout of exercise. If the
heart rate exceeds what is expected or takes much longer 
to recover than normal, it might be an indication that the 
previous exercise bout was too stressful and further work
bouts should be abandoned. Unexpected high heart rates
during training and recovery have also been suggested 
to be an early warning sign of physiological stress, poss-
ibly indicating low-grade lameness or musculoskeletal
injury.24,25

Whereas the proposed benefits of interval training include
the intense metabolic demands it produces, as well as the
specific neuromuscular and fiber-type activation that is
needed during a race, disadvantages include the time-con-
suming nature of the training compared to conventional
training, and an increased risk of injury. In a recent study,
interval training was used in an attempt to increase time trial
performance in a number of Standardbred race horses 
over a prolonged period of time.26 Horses were given a series
of 2-weekly taper training programs. The taper is a training
technique used in human athletes to optimize performance
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Day Conventional Taper 1 Taper 2 Taper 3
training

1 Rest Jog 50 min (40%) Fast 2400 m (89%) Fast 3000 m (92%)
2 Jog 40 min (40%) Fast 3000 m (90%) Jog 50 min (50%) Jog 50 min (50%)
3 Fast 2400 m (86%) Jog 50 min (40%) Fast 2400 m (89%) Fast 3000 m (92%)
4 Jog 40 min (40%) Fast 3000 m (90%) Jog 50 min (60%) Jog 50 min (50%)
5 Fast 2400 m (86%) Jog 50 min (40%) Fast 2400 m (89%) Fast 3800 m (90%)
6 Jog 40 min (40%) Fast 3800 m (90%) Jog 50 min (60%) Jog 40 min (50%)
7 Fast 3200 m (86%) Jog 40 min (40%) 5 × 800 m intervals (100%) Fast 1800 m (94%)
8 Jog 40 min (40%) Rest 4 × 800 m intervals (100%) Jog 30 min (50%)
9 Rest Fast 1800 m (95%) 3 × 800 m intervals (100%) Fast 1200 m (100%)

10 Fast 2400 m (86%) Jog 30 min (40%) 2 × 800 m intervals (100%) Jog 20 min (50%)
11 Jog 40 min (40%) Fast 1200 m (100%) 1 × 800 m intervals (100%) Fast 1200 m (100%)
12 Fast 2400 m (86%) Jog 20 min (40%) Walk Walk
13 Jog 40 min (40%) Walk Walk Walk
14 Time trial Time trial Time trial Time trial

All fast work was completed with the horses harnessed up into their hobbles. Horses were only introduced to the
above training programs after 8 weeks of foundation training.As an example of intensity the jog at 40% time trial pace
was approximately 19 km/h.The relief period between interval repetitions was set at 5 min, during which the horses
walked.

Table 50.4 Two-week training cycles for the conventional and taper groups. Numbers in parentheses are
training pace as a percentage of pace over the last 1200 m of the most recent 2400 m time trial26



by allowing adequate recovery from hard training prior to
competition. During the second week of one of the taper
programs (see taper 2 in Table 50.4) the researchers 
used a series of progressively shorter intervals to reduce 
duration but maintain adequate training intensity. They 
found a significant improvement in the horse’s speed during
the taper programs (particularly taper 1), compared to 
the conventional training, however, there was also an
increase in the number of injuries reported in the taper 
group using the interval training. Also note that the high-
intensity interval training days during taper 2 were not 
separated by recovery or rest days, possibly leading to
inadequate recovery, which might have caused the injury
problems.

The main objective of any training program is to enhance
performance while keeping the animal free from injury and
disease. During training, stress in the form of exercise initi-
ates changes within the horse’s structural and biochemical
make-up. These exercise-induced changes cause adaptation
and improved performance if sufficient recovery is allowed.
On the other hand, excessive stress due to inappropriate
training or insufficient recovery produces maladaptation and
poor performance.

Overtraining

A recent study on Standardbred maiden pacers found some
useful indicators of overtraining, which might help trainers
detect and possibly prevent overtraining.27 One of the major
indicators of overtraining was a drop in bodyweight. The
body condition of the horses declined and they lost weight. 
In addition, heart rate during exercise was elevated in the
overtrained horses. In other words, the horses had to work
harder to maintain speed during pace work. The increased
stress was highlighted further when blood tests after exercise
revealed a significant increase in lactate levels. Blood lactate
is a normal byproduct from the breakdown of sugar by
muscle cells, so an increase during overtraining suggests
more muscular work was required by the overtrained horses
to maintain speed.

During conventional training, horses are usually able to
consume an appropriate amount of food to fuel the energy
requirements needed. Horses that become overtrained 
might lack sufficient carbohydrates to meet the demands 
of their excessive training. Possible reasons include an
inadequate diet, decreased hunger drive, or a problem 
within the muscle cells themselves. As a result, there is a
depletion of carbohydrate stores and weight loss. Ordinarily,
when the body’s stores of carbohydrates decrease below
normal, more can be formed by the breakdown of protein 
and fat, which requires the hormone cortisol. During over-
training, however, something goes wrong with the hor-
monal control system, resulting in a decreased magnitude 
of the cortisol response to exercise. Consequently, a fur-
ther reduction in the availability of fuel to the working
muscle cells can occur, resulting in force loss and poor
performance.

Signs of overtraining

Signs of overtraining include:

● Slower split times
● Unexplained drop in form
● A decrease in bodyweight ≥ 6 kg
● Horse might leave feed
● Decreased enthusiasm to train
● Horse might become moody and lethargic
● Increased heart rate during exercise and possibly slower

recovery heart rate
● An increase in blood lactate concentration between 8 and

16% after pace and fast work.

Treatment and prevention

The recommended treatment for overtraining is usually a
dramatic reduction in the volume, intensity or frequency of
workouts or an increase in the time between workouts. Fast
workouts should be dropped and only light jogging con-
tinued. If the horse doesn’t show improvement within 
2–3 weeks it should be spelled in the paddock and brought
back up again after a few months rest.

The best treatment of all, however, is prevention. The chal-
lenge for trainers is to detect the subtle changes in the horse’s
response and attitude to training that might indicate too much
training. After all, unlike a human athlete the horse cannot tell
you about problems that arise during training. Training logs
with details of training volume, intensity, and recovery should
be kept, with regular changes in bodyweight, food intake and
behavior noted. Of course, a major difficulty in measuring body-
weight is access to appropriate scales, however, regular weigh-
ing remains a cheap and easy way to monitor the effects of
exercise training. Regular performance tests can also be helpful,
for example timing horses over set distances. As both the sprint-
ing and staying ability of the horse is affected by overtraining,
these performance tests should include a measurement of all-
out speed and overall speed. If the horse takes longer to com-
plete the test and seems tired, this might be an indication that
more recovery is required. If time and equipment allow, a meas-
urement of heart rate and blood lactate during and after exer-
cise would also be useful. Above all, trainers need to be able to
judge when the results of the training program are being threat-
ened by too much exercise.

Veterinary problems of
Standardbreds

Respiratory abnormalities

Whereas gait and respiration are linked in a 1:1 fashion in
cantering or galloping horses, respiration is not linked to gait
in pacing or trotting horses.28 However, abnormalities of the
respiratory tract are an important cause of poor performance
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or reduced racing frequency in Standardbreds. Standard-
breds are afflicted with respiratory tract disease in the same
way as other race horses, although their gait and associated
tack makes problems such as dorsal displacement of the soft
palate more problematic.

Upper airway abnormalities

Standardbreds in racing or training can develop a range of
upper airway abnormalities including left laryngeal hemi-
plegia, dorsal displacement of the soft palate, and arytenoid
chondritis. The characteristics of these diseases do not differ
in any substantive way from those of other athletic horses, as
discussed in Chapter 27. Dorsal displacement of the soft
palate is a well-recognized syndrome in racing
Standardbreds. Its apparent high prevalence in this breed is
perhaps related to their tendency to ‘choke down’ or exces-
sively ventroflex the head during exercise. Treatments for
intermittent dorsal displacement of the soft palate include
application of a tongue-tie (Fig. 50.14), use of overcheck rein
and bit, and surgical manipulation of the pharynx and asso-
ciated musculature.

Exercise-induced pulmonary hemorrhage (EIPH) occurs in
Standardbreds, as in other athletic horses that compete at high
speed. The prevalence of EIPH in Standardbred race horses is
assumed to be lower than in Thoroughbred race horses, with
26–34% of horses reported to have blood in the trachea after
racing.29,30 However, these studies were based on a single exam-
ination and one29 reported as positive only those horses with
blood covering more than one-half of the tracheobronchial
tree. When examined after each of three races, 87% of
Standardbred race horses have evidence of EIPH on at least one
occasion,31 suggesting that EIPH is as common in Standardbred
race horses as it is in Thoroughbred race horses. Management
of EIPH is discussed in Chapter 29.

Musculoskeletal disorders (adapted from 
Ref 32 with permission)

The racetrack practitioner caring for Standardbred horses
frequently deals with problems and lameness requiring

prompt diagnostic and therapeutic aid, which in most cases
must be compatible with the season racing activity and
current drug use regulations.32

Recognition of lameness

Lameness is the most important cause of poor racing per-
formance in Standardbreds.33,34 Lameness severity can range
from moderate to severe, being visible at a walk or trot in
hand, to subtle or mild lameness seen only at speed or while
racing. A 1- to 2-s increase in the time for a mile, generally
reflected in a slower last quarter-mile time, accompanies
many lameness problems but might be confused with other
problems such as respiratory abnormalities or recurrent exer-
tional rhabdomyolysis. Bilateral lameness can cause a reduc-
tion in race performance without other localizing signs.
Lameness is a major cause of horses making breaks (breaking
stride) at high speed, although shoeing (particularly in trot-
ters) and equipment considerations are also important con-
tributing factors.

Horses on a line (the driver pulls harder on one line to keep
a horse from bearing in or out) generally have ipsilateral
lameness problems, although occasionally horses with
medial foot or carpal lameness can be on the contralateral
line. If on a line at all, horses with hindlimb lameness are
usually on the ipsilateral line. For instance, those with left
hind lameness are usually on the left line. Horses on a shaft
(rear of horse closer to one shaft) generally have contralateral
hindlimb lameness. Occasionally, a horse with forelimb lame-
ness (and ‘hard on the line’) will be on the opposite shaft
(horse with right front lameness will be on left shaft). This is
usually because the driver is pulling the horse hard enough
with the right line to cause it to bend its hind end to the left.
These horses are often affected with lameness in more than
one limb. Horses with forelimb lameness are generally worse
on turns, although foot soreness and splints worsen as the
mile progresses. Horses with hock lameness might be worse
going into a turn or when coming out of a turn, whereas
those with metatarsophalangeal joint (MTPJ) lameness will
be worse around turns. Horses with left hind lameness might
be able to trot or pace the turns, but those lame in the right
hind will be worse in turns. Pacers with hindlimb lameness
and a history of being worse when on the pace than when on
the trot are usually affected with stifle lameness. Track size
varies in Standardbred racing and horses that are lame in 
the turns are usually worse on smaller tracks. However,
racing is generally slower on smaller tracks allowing lame
horses, particularly those with soft-tissue injuries to compete
successfully.

Breed and gait differences

There is considerable difference regarding lameness distri-
bution and prognosis in Standardbreds as compared with
Thoroughbred race horses. Gait difference between the
breeds undoubtedly plays a role. The trot and pace are two-
beat gaits, and there is more equal distribution of load (and
lameness) between the forelimbs and hindlimbs. Fewer rota-
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Fig. 50.14
Tongue-tie used to prevent horses from ‘choking down’ during
racing.The tongue-tie should not interfere with the driving bit
or overcheck bit. (Redrawn with permission from
Haughton.36)



tional forces in certain joints of Standardbreds such as the
carpus can reduce overload injury when compared with
Thoroughbreds. Diseases such as suspensory disruption, cat-
astrophic or incomplete fractures of the humerus, tibia,
ilium, and third metacarpal/metatarsal, and bucked shins
are much less common in Standardbreds. In general,
Standardbreds have a better prognosis than Thoroughbreds
for soft-tissue injuries such as suspensory desmitis and
superficial digital flexor tendinitis. There appear to be differ-
ences in prognosis within the breed and, in general, prognosis
in trotters is worse than in pacers. Lameness in pacers can be
difficult to see, particularly in the forelimb. Pacers can usually
tolerate lameness better than trotters with the exception of
some hindlimb problems such as stifle lameness.

Because many Standardbred lamenesses are subtle, there is
no substitute for evaluation of these horses at the track when
jogging or training. It can be useful to sit behind the horse, par-
ticularly when evaluating subtle hindlimb lameness. Treadmill
examination is useful in providing a consistent surface and
speed for lameness evaluation but does not simulate turning or
pulling weight. Unfortunately, lameness examinations cannot
always be performed under ideal situations, and horses are
commonly evaluated at a walk and trot in hand. Standardbreds
evaluated at slow speed might not exhibit the same lameness as
they do at high speed. Problems such as splints and foot sore-
ness might surface only after training or racing, and examina-
tion at rest might be nondiagnostic. Care must be taken not to
overinterpret subtle hindlimb lameness at a trot in hand.
However, careful lameness examination can be useful, even in
horses with subtle problems.

Lameness of the forelimb is slightly more common than that
of the hindlimb, but there is a near equal distribution between
hindlimb and forelimb lameness. Articular and periarticular
injuries account for the majority of lameness seen in
Standardbreds, whereas long-bone abnormalities are less
common. The carpus is the most common articular injury and
is likely the most common source of lameness overall. The MTPJ
is very important in hindlimb lameness, in fact nearly equal to
that of the hock, and has been underemphasized.

Forelimb lameness

Front limb lameness in the racing Standardbred can range
from readily apparent lameness to subtle disturbances of gait.
There are conditions in which the acute lameness requires
immediate radiographic examination to rule out frequent
injuries, including sagittal fractures of the proximal PI, prox-
imal sesamoid fractures, pedal bone fractures, and, less fre-
quently, injuries of the proximal metacarpal region. However,
more commonly the complaint is a subtle to mild lameness,
which can be complicated by problems affecting the hind limb.
In such cases the clinician must investigate the horse’s history,
including the gait, shoeing, recent performance, previous lame-
ness, when the horse becomes lame (after the race, the next
day), factors that exacerbate the lameness (e.g. training clock-
wise or counterclockwise, on turns or on the straight, at the
beginning or at the end of the race), wrong postures (horse on
a line, on a shaft), and efficacy of previous treatments.

Foot The first step in diagnosis of lameness is a careful
examination of the horse’s conformation, especially foot con-
formation (club foot, toed-in, toed-out, hoof wall angle,
lateral–medial balance, asymmetrical feet) and the presence
of joint effusion, which is easily appreciated when affecting
the fetlock and midcarpal joints. Joint distension is less
obvious in the dorsal compartment of the coffin joint. The
metacarpal region is frequently a site of visible abnormalities;
enlargement of the body or branches of the suspensory liga-
ment, bowed tendon, and constriction of the palmar annular
ligament represent common findings.

Palpation detects areas of abnormal warmth and pain and
allows evaluation of joint angles. The feet may have asym-
metric warmth, increased digital pulse, and different res-
ponses to hoof testing. When possible, feet are first tested
without removing the shoes, and ideally the horse should be
kept shod until any examination of gait is completed. Lateral
and medial quarters, lateral and medial middle sole, and
lateral and medial toe are tested. Compressing the frog rarely
brings useful information and squeezing the quarters might
cause pain unrelated to primary lameness. The medial
quarter is usually more sensitive and this finding must not be
overinterpreted. Hoof or foot pain is a common occurrence,
although it is often subtle.

Shoeing represents a source of useful information and
should be discussed with the trainer to better understand the
gait characteristics. For horses with a flat sole, overzealous
padding can add to, rather than relieve, pressure on the sole.
Wide-web shoes with leather or rubber padding are useful in
cases of pain originating from the distal interphalangeal
(DIP) joint. Bar shoes are now less commonly used and may
exacerbate coffin and fetlock joint problems, by limiting the
natural slipping of the landing foot.

Corrective shoeing provides a solution for problems located
in the hoof. This pain must be distinguished from problems
related to osteoarthritis (OA) of the DIP joint. In this case,
flexion of the distal limb frequently elicits pain. The final diag-
nosis of OA of the DIP is the result of different investigations
including history (the horse frequently gets worse at the end of
the race and is on a line), conformation (foot smaller than the
contralateral club foot), palpation (some pain may be elicited by
deep palpation of the dorsal joint capsule, the dorsal wall
and/or heels are warmer), diagnostic analgesia (being aware
that this problem is not always resolved by intra-articular anes-
thesia and that the latter may abolish pain originating from the
navicular area and from the sole), and exclusion of other sites
of pain in the distal limb, especially the fetlock.
Pastern and fetlock The radiographic examination may
reveal a prominent osteophyte on the distal aspect of the
middle phalanx associated with a variable degree of remodel-
ing of the proximal aspect of the distal phalanx. OA of the
DIP joint is frequently bilateral.

The metacarpophalangeal joint is frequently involved in
front limb lameness. Survey radiographs may detect dorso-
proximal fragmentation of the proximal phalanx and osteo-
chondrosis of the proximal sagittal ridge on the dorsodistal
metacarpus. These lesions are frequently diagnosed in year-
lings and treated by arthroscopic surgery.
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Acute synovitis of the metacarpophalangeal joint is
observed in young horses when the training is intensified,
especially on hard tracks. The horse appears moderately lame
and sensitive to deep palpation of the dorsal joint capsule and
to flexion test. Intra-articular anesthesia is usually diagnos-
tic. In older horses, chronic thickening of the dorsal synovial
pad (villonodular synovitis) is suspected when the latero-
medial radiographic view shows flattening or osteolysis of the
proximal aspect of the dorsal sagittal ridge and contrast
radiography evidences a filling defect corresponding to the
soft tissue mass. Ultrasonography may be used to measure
the thickness of the synovial pad.

The palmar aspect of the front limb fetlocks in Standard-
breds is characterized by problems affecting the proximal
sesamoid bones and adjacent soft tissues. Sesamoiditis in
young horses has the typical radiographic feature of radio-
lucent lines in the palmar abaxial aspect of the bone.
Scintigraphic findings are indicative of increased bone
metabolism, but radiographic changes are seen in only 50%
of Standardbreds with increased radioisotope uptake. In older
horses, the radiographic changes include radiolucent lines in
the proximal one-half of the bone, irregular palmar/abaxial
radiographic outline, enthesophytes, and mineralization of
the intersesamoidean ligament. When affecting the base of
the sesamoid bone, the presence of enthesophytes is more
properly considered distal sesamoidean desmitis.
Desmitis and tendinitis The insertion of the suspensory
branch on the proximal sesamoid bone becomes irregular
and ultrasonography provides the most accurate diagnostic
tool. Suspensory branch desmitis is frequently associated
with sesamoiditis. It may be caused by lateral-to-medial hoof
imbalance, training over uneven track surfaces, strains, and
fractures of the splint bone(s). Acute desmitis may be associ-
ated with metacarpophalangeal joint effusion. Ultrasono-
graphy is performed to assess the degree of ligament damage
with enlargement and loss of definition of the margins of the
branch, focal hypoechoic areas, diffuse loss of echogenicity,
and hyperechoic foci in horses with chronic desmitis being
the most frequent findings. The corresponding splint bone
may deviate abaxially, and radiographic monitoring may
allow early diagnosis of secondary distal splint bone fracture.

Desmitis of the proximal insertion of the suspensory liga-
ment is commonly diagnosed and carries a better prognosis
than desmitis affecting the body or branches of the ligament.
When the proximal aspect of the suspensory ligament is
affected, the clinician must differentiate pain originating
from the carpal joint and perform a local block (subcarpal
block, axially to the origin of the splint bones, or direct
infiltration over the proximal suspensory ligament). In cases
of positive block, ultrasonography is used to assess damage to
the suspensory ligament and bone remodeling of the palmar
proximal metacarpus; a dorsopalmar radiographic view is
used to assess the presence of palmar sclerosis of the third
metacarpal (MCIII) in chronic cases.

Superficial digital flexor tendinitis represents a frequent
indication for ultrasonographic examination of the distal
limb of Standardbred race horses. Most of the lesions are
located in the middle and distal third of the tendon. A core

lesion located in the palmarolateral border of the tendon
characterizes over 30% of the lesions. Central core lesions are
uncommon. Chronic recurrent lesions have the typical
pattern of diffuse tendinitis. When the lesion affects the distal
aspect of the tendon, the digital tendon sheath may be dis-
tended, and the typical notch of palmar annular ligament
constriction is visible in the palmar outline.
Carpus With the exception of foals and yearlings, lesions
are rarely located on the proximal front limb of Standard-
breds, and nearly invariably lesions affecting the elbow and
shoulder regions are the result of direct trauma.

The midcarpal joint represents a predilection site of lame-
ness in race horses, especially young Standardbreds and
Thoroughbreds. Typically, horses affected by midcarpal joint
pain tend to trot with a wide-based gait, abducting the
affected leg or legs in an attempt to minimize carpal flexion.
Visual inspection reveals various degrees of joint effusion,
especially on the dorsomedial aspect of the carpus. Palpation
may elicit pain over the dorsal aspect of the carpus. The
flexion test is positive and intra-articular analgesia abolishes
the lameness in the majority of horses. A negative result from
intra-articular analgesia does not necessarily exclude pain in
this joint because subchondral bone damage under a rela-
tively normal cartilage may cause pain that is difficult to
abolish with intra-articular analgesia.

Radiographic examination includes six basic views and a
variable number of extra views: dorsopalmar (DP), flexed
lateral–medial (LM), dorsolateral to palmaromedial oblique
(DLPMO), dorsomedial to plamarolateral oblique (DMPLO), and
33° and 55° skyline views (dorsoproximal–palmarodistal
skyline). The latter two views must be of excellent quality
because it has been shown that a large number of injuries
(especially affecting the third carpal bone) can be diagnosed
only on the skyline view.

Treatment depends on the type and degree of injury.
Young racing horses without radiographically visible abnor-
malities (a more sensitive diagnostic tool is represented by
scintigraphy, which may reveal increased radionuclide
uptake in the early phase of the disease) are best rested 
and treated with non-steroidal anti-inflammatory drugs,
especially polysulfated glycosaminoglycans. Training modu-
lation allows in most of the cases time for bone remodeling
and prevents the progress of bone injuries.

When chip fractures are diagnosed, arthroscopic surgery
represents the best option and carries a fair to good prognosis.
In cases of third carpal bone slab fractures, internal fixation
via arthroscopy is the preferred technique and offers good
results.

More subtle cases, characterized by mild radiographic
changes, may be good candidates for diagnostic arthroscopy.
Irregular areas of radiolucency on the radial fossa of the
third carpal bone and loss of density on the dorsal distal
medial aspect of the radial carpal bone are suggestive of more
serious injuries and may be indicative of incomplete frac-
tures. Arthroscopic curettage of the main lesion, frequently
associated with curettage of the corresponding ‘kissing’
lesion on the opposite articular surface, carries a better prog-
nosis than conservative management in selected cases.
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Arthroscopic findings in horses with lameness located in
the midcarpal joint but no radiographic findings include
sinking and discoloration of articular cartilage, loss of artic-
ular cartilage in focal areas of the third and radial carpal
bone, and rupture of the medial palmar intercarpal ligament.
The devitalized cartilage is debrided and the underlying bone
may be foraged using micropick technique, which augments
cartilage repair. Rupture of the medial palmar intercarpal lig-
ament is less common, and the treatment involves arthro-
scopic trimming and 4 to 6 weeks rest followed by 4 to 6
weeks of walking exercise. The same postoperative protocol is
used for routine arthroscopic surgery, whereas internal
fixation of C3 slab fractures is followed by 8 weeks of rest,
radiographic control, and 4 weeks of walking exercise. There
is usually no need for removal of the screw.

Hindlimb lameness

Careful palpation of all anatomic structures, including static
flexion and extension of all joints, should be performed.
Frequently overlooked sites of inflammation (in both the 
forelimb and hindlimb) include the dorsal aspect of the prox-
imal phalanx (P-I, [incomplete midsagittal or dorsal frontal
fractures]), proximal sesamoid bones (sesamoiditis, fractures,
avulsion injury associated with the suspensory attachment),
and carpus and proximal aspect of third metacarpal (MCIII)
(avulsion or longitudinal fractures of MCIII, proximal sus-
pensory desmitis, dorsomedial articular fracture, incomplete
C-3 chip fractures), proximal plantar third metatarsal (MTIII)
region (proximal and midbody suspensory desmitis, pain
along medial and lateral splint bones associated with hock
lameness), and the MTPJ. In the hindlimb, it is easy to over-
look subtle swelling of the suspensory origin and body,
because these portions of the ligament are buried beneath
the second and fourth metatarsal bones. Hoof tester exami-
nation should be performed in all horses because foot sore-
ness is common. Foot soreness is less common in the
hindlimb than in the forelimb, but does occur, as do OA of the
DIP joint and navicular disease or fracture (rare). Secondary
back, gluteal, and trochanteric pain are common and treat-
ment of these areas is often recommended along with
therapy of concomitant hindlimb lameness. Back pain in
Standardbreds is usually the result of muscle pain, rather
than impingement or overriding of dorsal spinous processes.
Scintigraphic evaluation has failed to identify a single
Standardbred race horse with increased radioisotope uptake
involving the dorsal spinous processes, whereas this scinti-
graphic abnormality is common in horses that are ridden.

Intra-articular and perineural analgesia is important in
the diagnosis of Standardbred hindlimb lameness and many
times is most reliably done at the track where horses can be
moved and evaluated at speed. Care must be taken when
incomplete fractures are suspected, particularly of the first
phalanx (P-I) because comminution can occur. When per-
forming the plantar digital block, the clinician must keep in
mind that pain associated with proximal P-I can be abolished.
In these horses, the clinician inadvertently diagnoses a
problem in the foot, when in reality the true source of pain is

a midsagittal fracture of P-I. Because of the large number of
Standardbreds with MTPJ lameness, basisesamoid or abaxial
sesamoid nerve blocks are not useful. With these blocks, prox-
imal diffusion of anesthetic occurs so frequently that mis-
diagnosis is common. I usually perform a plantar digital
block, followed by a dorsal ring block, to desensitize the dorsal
aspect of the foot. A low plantar perineural block is then per-
formed. This technique is more successful in abolishing sub-
chondral bone pain in the MTPJ than is the intra-articular
technique, but all four nerves must be blocked (medial and
lateral plantar nerve and medial and lateral plantar
metatarsal nerves). Horses with incomplete fractures of
MTIII, P-I, or the proximal sesamoid bones or those with 
non-adaptive remodeling may fail to respond or only partially
improve with intra-articular analgesia but become com-
pletely sound with the low plantar block. A selective lateral
plantar metatarsal block can be performed to identify those
horses with stress reaction or non-adaptive remodeling of the
distal aspect of MTIII. High plantar analgesia is often over-
looked but is critical in the diagnosis of proximal suspensory
desmitis or other avulsion injury associated with MTIII.
Although all three compartments of the stifle joint should be
independently blocked in horses suspected of lameness in this
region, the medial femorotibial joint is most frequently
affected.
Diagnostic imaging The importance of well-positioned
and exposed radiographs cannot be overemphasized. Radio-
graphic views that are extremely important in the Standard-
bred include:

● Foot: horizontal oblique views to evaluate the subchondral
bone of the distal phalanx (P-III) for radiolucent areas or
incomplete fractures.

● Tarsus: dorsomedial plantarolateral oblique view (shows
most common sites for radiographic changes associated
with osteochondritis dissecans, distal tarsitis, and T3 and
MTIII fractures).

● MTPJ: down-angled oblique views to open up the space
between P-I and the sesamoids; follow-up and down-
angled DP views to rule out midsagittal P-I fractures.

● Stifle: caudocranial view to evaluate femorotibial joint
space (particularly medial) and condylar lesions.

Ultrasonographic examination of soft tissues in the meta-
tarsal region is important, particularly of the proximal 
suspensory region. A frequently overlooked region is the
proximal plantar metatarsus. Bone scintigraphy is important
in the identification of abnormal subchondral bone uptake,
particularly of the foot, carpus, tarsus, and MTPJ. Standard-
breds appear to be predisposed to abnormal impact loading or
stress (non-adaptive) remodeling of subchondral bone.

Stifle lameness has been overemphasized. Specific hind-
limb lameness is described as follows.
The hind digits The hind foot is much less commonly the
cause of lameness than is the front foot but is still the source
of pain in many Standardbreds. Foot abscessation, quarter
cracks, hoof avulsion, distal interphalangeal osteoarthritis,
P-III fractures, and chronic ‘foot soreness’ from poor shoeing
and balance occur. P-III fractures most commonly involve the
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left hind lateral and right hind medial wings of P-III, but this
distribution is not as clear cut as in the forelimb. It is critical
to separate pain originating from the foot from that of the
MTPJ and results of diagnostic analgesia need to be inter-
preted carefully. Anesthetic diffusion occurs when the poste-
rior digital block is performed, and it is relatively common to
desensitize structures in the pastern and MTPJ using this
block. The most common diagnoses in horses in which
inadvertent analgesia of the MTPJ occurs using posterior
digital anesthesia is midsagittal fracture of the proximal
phalanx.

Interference is a common problem in trotters. trotters that
hike behind and have what appears to be unilateral hindlimb
lameness can be lame in the ipsilateral forelimb. Foot or
carpal lameness can cause shortening of the ipsilateral fore-
limb, causing interference and what appears to be ipsilateral
hindlimb lameness. Superficial skin soreness or frank osteitis
can result from interference, and trotters frequently ‘make
breaks’ as the result of the problem. Corrective shoeing and
the elimination of the primary source of pain are important.
Metatarsophalangeal joint Lameness of the MTPJ region
has been substantially underestimated in the past. The MTPJ
is an extremely important source of hindlimb lameness and,
in fact, many horses suspected of having tarsal or stifle pain
will ‘block out’ with low plantar or intra-articular analgesia,
if the techniques are routinely performed. One of the most
common lameness conditions of the Standardbred race horse
is subchondral bone pain of the distal, plantarolateral aspect
of MTIII. This is a form of stress or non-adaptive remodeling
of MTIII, an early form of OA, which is characterized by
lameness most consistently abolished by low-plantar (or
selective lateral plantar metatarsal) analgesia. Horses tend to
have a ‘stabby’ hindlimb gait, will likely be on the contralat-
eral shaft, be worse in the turns, and are often misdiagnosed
as having tarsal pain. Intra-articular medication is usually
ineffective and obvious signs of OA such as effusion, a positive
response to flexion, or other abnormalities found on palpa-
tion are usually absent. Radiographs are initially negative or
equivocal, and the diagnosis is made with scintigraphy. Bone
phase scintigraphic images reveal focal radiopharmaceutical
uptake of distal, plantarolateral aspect of MTIII. A con-
tinuum of stress-related subchondral bone changes results in
non-adaptive remodeling, sclerosis, and later areas of necrotic
subchondral bone. In older horses, radiographic evidence 
of subchondral bone injury is seen, but in 2- and early 
3-year-olds, radiographic examination may be negative.
Because this lesion is a result of a continuum of stress-related
subchondral bone damage, management includes a re-
duction in stress. Modification in exercise intensity, corrective
shoeing, swimming physiotherapy, and shock wave therapy
have been used, but long-term rest may be best. Intra-
articular medication, including corticosteroids, is not effect-
ive early in the disease process, presumably because pain
originates from subchondral bone, and overlying cartilage
damage is minimal. Later, when cartilage damage worsens
and subchondral bone collapse occurs (radiolucent changes
develop radiographically), injections decrease inflammation
and lameness.

A common problem in Standardbreds is plantar process
fragmentation of the proximal phalanx. Articular fragments,
most commonly involving the medial aspect (can be biaxial
and bilateral), can cause high-speed lameness and perhaps
contribute to the development of OA in older horses.
Currently, I recommend these fragments be removed arthro-
scopically, preferably before the horse enters training. Large,
abaxial, non-articular fragments can also cause lameness, but
conventional surgical techniques are necessary for removal.

Fractures involving the MTPJ are more common in pacers
than in trotters, with the exception of fractures of the proxi-
mal sesamoid bones. Midsagittal P-I fractures are more
common in the hindlimb than in the forelimb and can be
difficult to diagnose. Pain from this fracture is often thought
to originate from the foot because posterior digital analgesia
abolishes lameness in some horses. Surgical fixation is rec-
ommended in horses with long or displaced fractures, but
conservative management is successful in horses with short,
midsagittal fractures. Dorsal frontal fractures of P-I occur in
pacers and in trotters, are more common in the RH, can be
bilateral, and heal with conservative management. Fractures
of MTIII condyles occur but are less common than in Thor-
oughbreds and are unusual in the trotter. Medial condylar
fractures tend to spiral proximally, and horses are at risk for
catastrophic injury either before surgical fixation or during
anesthetic recovery. Lateral apical sesamoid fractures occur
commonly. Lateral sesamoiditis causes lameness in 2-year-
olds trained in 2:15 to 2:18 for the mile, and prognosis is poor
if substantial radiolucency exits.
Metatarsal region The most common and important
condition of the metatarsal region is suspensory desmitis.
This is often a career limiting or ending injury, particularly in
the trotter. Proximal suspensory desmitis, avulsion fracture,
or stress reaction/enthesopathy occur but can be difficult to
diagnose, and high plantar analgesia is a must to differentiate
pain from this areas from that of the MTPJ or tarsus.
Tarsus Distal tarsitis remains the most common lameness
of the tarsus. The disease involves OA of the DIT and TMT
joints, but there is a significant periarticular soft-tissue com-
ponent, likely caused by sliding or shear forces, and radio-
graphs are often negative. Osteochondritis dissecans of the
tarsocrural joint is the most common surgical condition of
the tarsus, is likely hereditary in the breed, and causes effu-
sion and high-speed lameness. Surgical removal of fragments
is recommended in horses with clinical signs or those sold at
public auction. Tarsocrural arthropathy, an insidious disease
resulting in eventual severe lameness and widespread car-
tilage damage, is seen in older horses. Curb, a common soft-
tissue lameness, is frequently tendinitis of the superficial
digital flexor tendon rather than long plantar desmitis. Third
and central tarsal bone slab fractures, enthesopathy at the
attachment of the collateral ligament on the distal aspect of
the calcaneus, occur occasionally.
Stifle Stifle lameness has been overemphasized but is still
important. The most common condition is OA of the medial
femorotibial joint. This condition is difficult to diagnose radio-
graphically because early on, the only sign is narrowing of
the joint space seen on the caudocranial view. Effusion of the
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medial femorotibial joint is usually present but may be a sub-
tle clinical finding. Intra-articular injections and corrective
shoeing (aluminum shoe with a toe grab) usually help.
Trotters appear able to race more successfully than do pacers
with this problem. Osteochondritis dissecans and osseous
cyst-like lesions occur and cause lameness.
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petition. One to five judges score each movement of the test
and a composite score is calculated to determine the order of
the final places. Movements are judged on ‘freedom and reg-
ularity of the paces; the harmony, lightness and ease of
movements; the lightness of the forehand and the engage-
ment of the hind quarters, originating in a lively impulsion;
the acceptance of the bridle, with submissiveness throughout
and without any tenseness or resistance.’1

Internationally the sport is known as the Concours de
Dressage International (CDI).1 International dressage competi-
tions are ranked by the Fédération Equestre Internationale
(FEI) as increasing in difficulty from one (CDI*) through three-
star (CDI***). The abbreviation CDIO designates an Official
(Officiel) CDI to which national federations are invited to send
selected representative teams and individuals, such as for the

Definitions and background

Dressage is a test of obedience, balance, and suppleness. ‘The
object of Dressage is the harmonious development of the
physique and ability of the horse. As a result it makes the
horse calm, supple, loose and flexible but also confident,
attentive and keen, thus achieving perfect understanding
with his rider.’1 The goal is that the horse ‘gives the impres-
sion of doing of his own accord what is required of him.
Confident and attentive, he submits generously to the control
of his rider, remaining absolutely straight in any movement
on a straight line and bending accordingly when moving on
curved lines.’1 Examples of horses performing dressage move-
ments on the straight and curved lines are illustrated in 
Figs 51.1 and 51.2, respectively.

Basic gaits at the lower dressage levels are walk, trot, and
canter. The international standard requires that:

His walk is regular, free and unconstrained. His trot is free,
supple, regular, sustained and active. His canter is united,
light and cadenced. His quarters are never inactive or slug-
gish. He responds to the slightest indication of the rider
and thereby gives life and spirit to all the rest of his body.1

The basic gaits progress to more difficult movements at the
upper levels such as extended trot or canter (Fig. 51.1),
counter canter, passage, pirouette, and piaffe. Each horse and
rider pair performs the same test in any given class or com-
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Fig. 51.1
The 7-year-old American Thoroughbred gelding Might Tango,
ridden by two-time World Champion Bruce Davidson,
performing an extended canter during the Dressage Test at
the 1978 World Three-Day Event Championships in Lexington,
Kentucky. Note the hyperextension of the fetlocks (left fore
and right hind) diagonal to the lead canter limb (right fore).
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Olympic Summer Games or World Equestrian Games.2 Levels of
increasing difficulty of FEI dressage competition include Prix St
Georges, Intermediate I, Intermediate II, Grand Prix, and
Grand Prix Special.1,3 Freestyle is also an FEI-sanctioned com-
petition held at either the Intermediate or Grand Prix level.
Competitions sanctioned by USA Equestrian, the national
equestrian federation of the USA, are progressively ranked as
Training, First Level, Second Level, Third Level, Fourth Level,
and Fifth Level (equivalent to international competition).3

Event horses are required to perform three sports in one:
dressage, cross-country, and showjumping.4 Events take
place over one to three days. Complete three-day events (3DE)
involve three tests on consecutive days: the Dressage Test 
on the first day (Figs 51.1, 51.2), the Cross-Country Test
(previously termed the Speed-and-Endurance Test) on the
second day (Figs 51.3, 51.4), and the Jumping Test on 
the third day. The cross-country portion of three-day events
involves four phases. Phase A is a trotting warm-up for Phase
B, the Steeplechase, in which the horse gallops over brush
fences at much faster paces (Table 51.1). Phase C is designed
as a cool down phase after Steeplechase. Phases A and C are
known collectively as Roads and Tracks. After Phase C there
is a mandatory veterinary inspection for 10–15 minutes
(Phase X) to determine that the horse is sound and fit to con-
tinue (Fig. 51.5). Phase D is the Cross-Country test itself over
30–45 immovable obstacles with heights and spreads requir-
ing speed, endurance, jumping scope, and courage on the
part of both the horse and the rider (Figs 51.3, 51.4).4 The
reasoning behind the third day’s test, showjumping, is to
determine which horses are best able to compete further after
the rigorous second day of cross-country.

Internationally the sport is known as the Concours
Complet d’Equitation International (CCI).2,4 International
3DE are ranked by the FEI as one (CCI*) through four-star

(CCI****).3,4 Annual CCI**** include Badminton and
Burghley in the UK and Rolex Kentucky in the USA. The
abbreviation CCIO designates an Official (Officiel) CCI to
which national federations are invited to send selected repre-
sentative teams and individuals, such as for the Olympic
Summer Games or World Equestrian Games.2,4

Fig. 51.2
The 14-year-old Canadian Thoroughbred mare Sumatra,
ridden by team gold medallist Juliet Bishop, performing a trot
circle during the Dressage Test at the 1978 World Three-Day
Event Championships in Lexington, Kentucky. Note the degree
of lateral bending (lateral back flexion) and impulsion
necessary to trot correctly in a curving line, a movement
which is required repeatedly in most dressage tests.

Fig. 51.3
The 13-year-old Thoroughbred Village Gossip, ridden by
Charlie Micklem, jumping the airy Cirencester Rails over a
ditch during the Cross-Country Test of the 1981 Badminton
Three-Day Event.The height, spread, and lack of prominent
ground lines illustrate the courage and scope required of
horses jumping cross-country obstacles at the upper levels of
three-day events.

Fig. 51.4
The 11-year-old Thoroughbred-crossbred gelding Southern
Comfort, ridden by Diane Hall jumping the Boathouse, a
more solid obstacle than in Fig. 51.3, but with a drop down
into water, during the Cross-Country Test of the 1981
Badminton Three-Day Event.The spread of the jump at the
base and at the top, as well as the drop down into the water,
illustrate the potential for upper hindlimb injuries from
striking a large immovable fence in three-day eventing.The
boat is an optical illusion in that the horse and rider would
never see it on approaching the fence; it merely provides
interesting detail for the photographers in the landing side of
the fence.
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One- and most two-day events are usually termed horse
trials and involve a Dressage Test followed by an abbreviated
form of the Cross-Country Test (Phase D only) and the
Jumping Test, the latter two tests in no specified order.3 Only
recently the FEI has recognized international horse trials

with the designation CIC (Concours International de un jour:
one- through three-star levels, Table 51.2).4 American horse
trials are sanctioned by USA Equestrian and are ranked in
increasing difficulty as Novice, Training, Preliminary (com-
parable to CCI*), Intermediate (CCI**), and Advanced (CCI***)
(Table 51.3).3 Combined Tests usually include only two of the
three disciplines on a single day.3

Eventing began as a cavalry competition in northern
Europe and made its first appearance as an Olympic sport in
Stockholm in 1912. Over the years the sport has evolved
through many iterations. Prior to the 1960s, there was also a
fifth phase on Cross-Country Day, Phase E, involving another
warm-down Roads and Tracks phase after the cross-country
phase. An additional rest stop (C Halt) became mandatory in
CCI*** and CCI**** in 1999. In 2002, the recommended
distances for all phases were shortened and the speed
required for Phase C was decreased to allow more walking 
for increased recovery from Phase B (Table 51.1).4 These
changes were made in response to a spate of recent fatal rider
injuries and were based in part on the results of thermo-
regulatory research on 3DE performed prior to the 1996
Atlanta Olympic Summer Games.5–14 That research demon-
strated that shortening Phase B,9,10 inserting two additional
rest stops (C Halt) on Phase C,5–8 and some walking (not all
trotting) on Phase C5–8 increased recovery under hot and

Test CCI* CCI** CCI*** CCI****

Cross-Country Test
Phase A
Speed (m/min) 220 220 220 220
Time (min) 16–20 16–20 16–20 16–20
Distance (m) 3520–4400 3520–4400 3520–4400 3520–4400
Phase B
Speed (m/min) 640 660 690 690
Time (min) 3.0–3.5 3.0–3.5 3.5–4.0 4.0–4.5
Distance (m) 1920–2240 1980–2310 2415–2760 2760–3105
Maximum fence height (m) 1.40 1.40 1.40 1.40
Maximum no. of jumping efforts 5–7 6–8 6–8 8–10
Phase C
Speed (m/min) 160 160 160 160
Time (min) 25–40 25–40 35–45 35–45
Distance (m) 4000–6400 4000–6400 5600–7200 5600–7200
Phase D
Speed (m/min) 520 550 570 570
Time (min) 7–9 8–10 9–11 11–13
Distance (m) 3640–4680 4400–5500 5130–6270 6270–7410
Maximum fence height (m) 1.10 1.15 1.20 1.20
Maximum fence spread (m) 1.40 1.60 1.80 2.00
Maximum drop height (m) 1.60 1.80 2.00 2.00
Maximum no. of jumping efforts 30 35 40 45
Jumping Test
Speed (m/min) 350 350 375 375
Time (s) 60–78 69–86 72–88 80–96
Distance (m) 350–450 400–500 450–550 500–600
Number of obstacles 10–11 10–11 11–12 11–13
Maximum fence height (m) 1.10 1.15 1.20 1.20
Maximum fence spread (m) 1.40 1.50 1.60 1.60
Maximum no. of jumping efforts 13 14 15 16

Table 51.1 Speeds, times, distances, and maximum fence heights, spreads, and number of jumping efforts
for FEI-sanctioned CCI after rule changes enacted in 20024

Fig. 51.5
Professor Leo Jeffcott, Foreign Veterinary Delegate, taking a
facial artery pulse while examining a Danish three-day event
horse between Phases C and D at the 1996 Olympic Summer
Games in Atlanta, Georgia.
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humid conditions. Because a subcommittee of the Inter-
national Olympic Committee in 2002 recommended aban-
doning eventing as an Olympic discipline, there is ongoing
discussion about changing the Olympic CCIO format to a
CICO (CIC Officiel) for safety and financial concerns.

Equestrian sports
governance

The Fédération Equestre Internationale (FEI) is the inter-
national governing body for seven equestrian sports, includ-
ing dressage, showjumping, eventing, driving, vaulting,
endurance, and reining.2,15 Each nation has its own national
equestrian federation. Each national federation is a member
of the FEI and governs competition at the national or regional
level within that nation, whereas the FEI governs inter-
national competition. The national equestrian federation of
the United States is USA Equestrian (USAEq), formerly known
as the American Horse Shows Association (AHSA). The
International Olympic Committee (IOC) oversees Olympic
competition. The FEI reports to the IOC for Olympic eques-
trian sports, including dressage, showjumping, and eventing.

Demographics

At the introductory levels of both dressage and 3DE, innu-
merable different breeds are seen in competition, from ponies
to Thoroughbreds and Warmbloods. In both sports, national
or regional influences are seen, particularly in the use of
native Warmbloods, owing to their ready availability and
popularity as sport horses in any given nation. The USA lags
considerably behind in a native Warmblood or sport horse

Test CIC* CIC** CIC***

Cross-Country Test
Speed (m/min) 520 550 570
Time (min)
Distance (m) 2500–3500 3000–4500 3600–5000
Maximum fence 1.10 1.15 1.20
height (m)
Maximum fence 1.40 1.60 1.80
spread (m)
No. of jumping efforts 25–30 30–35 35–40
Jumping Test
Speed (m/min) 350 350 375
Time (s) 60–78 69–86 72–88
Distance (m) 350–450 400–500 450–550
Maximum fence 1.10 1.15 1.20
height (m)
Maximum fence 1.40 1.50 1.60
spread (m)
No. of jumps 10–11 10–11 11–12
Maximum no. 13 14 15
of jumping efforts

Table 51.2 Speeds, times, distances, and maximum fence heights,
spreads, and number of jumping efforts for FEI-sanctioned CIC
after rule changes enacted in 20024

Test Novice Training Preliminary Intermediate Advanced

Cross-Country Test
Speed (m/min) 350 420 520 550 570
Time (min) 4.0–5.0 4.5–5.5 5.0–6.0 5.5–6.5 6.0–7.0
Distance (m) 1400–2000 1890–2585 2600–3120 3025–3575 3420–3990
Maximum fence 0.90 1.00 1.10 1.15 1.20
height (m)
Maximum fence 1.00 1.20 1.40 1.60 1.80
spread (m)
Maximum no. of jumping 18 24 28 32 36
efforts
Jumping Test
Speed (m/min) 320 320 350 350 375
Time (s) 75–90 75–90 75–90 75–90 80–96
Distance (m) 400–480 400–480 438–525 438–525 500–600
Maximum fence 0.90 1.00 1.10 1.20 1.30
height (m)
Maximum fence 1.00 1.15 1.30 1.45 1.60
spread (m)
Maximum no. of jumping 11 12 13 13 15
efforts

Table 51.3 Speeds, times, distances, and maximum fence heights, spreads, and number of jumping efforts
for 2002 USA Equestrian horse trials3



breeding and reward program compared with the European
nations.

As riders progress toward upper levels, dressage horses
tend more often to be Warmbloods, thus providing the size,
stride length, balance, and agility required for upper level
movements. According to the World Breeding Federation for
Sport Horses, German Warmblood breeds routinely dominate
the rankings of internationally competitive dressage horses
and sires of dressage horses.16 Hanoverians tend to be the
most highly ranked dressage horses.16 Recent gait and con-
formation analysis data on 3-year-old dressage horses 
(n = 142) have shown German Warmbloods (Hanoverians 
(n = 31), Westphalians (n = 16), and Oldenburgers (n = 6)) to
be biomechnically superior to both Selle Français (n = 61)
and purebred Spanish horses (n = 28) for use in competitive
FEI dressage.17 The superior stature and conformation of the
German horses resulted in a longer stride length and
decreased stride frequency. The authors concluded that 
the German horses had gait characteristics more adapted 
to dressage competition.17

At the upper levels of 3DE, horses are primarily
Thoroughbreds or Thoroughbred crosses. The Thoroughbred
influence is necessary to have the adequate fitness, stamina,
and jumping ability required at the upper levels of 3DE.
According to the World Breeding Federation for Sport Horses,
all 10 of the top 10 sires of internationally ranked 3DE horses
in 1999–2000 were Thoroughbreds.16 Selle Français horses
were also very successful in both 3DE and showjumping at
the 2002 World Equestrian Games in Jerez, Spain.18

Dressage horses may not compete under FEI rules until
they are at least 6 years old.1,2 Horses competing in the
Olympic Games or World Equestrian Games must be at least 
7 years old.2 Dressage horses may not compete in Grand Prix,
Grand Prix Special, or Grand Prix Freestyle until they are at
least 7 years old.1,2

Three-day event horses may compete in CIC* or CIC** at 
5 years old.4 They must be at least 6 years old to compete in
CIC***, CCI*, or CCI**.4 Event horses must be at least 7 years
old to compete in CCI***, CCI****, the Olympic Games, or the
World Equestrian Games.2,4

Dressage and 3DE horses have their most productive years
at the upper levels between approximately 8 and 12 years of
age. There are, however, always exceptions to be found, more
often in older dressage horses continuing to compete at upper
levels than in younger horses competing precociously.
Because of the cumulative and repetitive training which must
be accomplished by dressage horses to arrive at the upper
levels, they tend to be somewhat older than their 3DE coun-
terparts, who often have difficulty remaining competitively
sound later in life due to the rigorous galloping and jumping
required in their sport. After their peak competitiveness has
passed, many older horses in both disciplines are used further
to teach younger riders to compete on safer mounts as they
aspire to the higher levels of competition. While these older
horses are often difficult to maintain completely sound, their
experience and demeanor make them invaluable mounts for
upcoming young riders. They also present common chal-
lenges to practicing veterinarians who are asked to help to

maintain their soundness and fitness to compete despite their
advancing ages.

Due to the collection, impulsion, bending and circling 
(Fig. 51.2), and other types of movements required in dres-
sage, common complaints include sore backs or hocks. Riders
often complain of a horse’s unwillingness to bend, perhaps
worse in one direction than the other. The sore backs or hocks
seen frequently in true dressage horses are often also seen in
event horses, since they also must complete difficult repetitive
dressage movements. Jumping and galloping cross-country
(Figs 51.3, 51.4) also contribute to injuries sustained by
event horses, as do the rigorous training regimens required 
to achieve sufficient fitness to compete at the upper levels.
Bowed tendons and suspensory desmitis are common sup-
porting leg lamenesses, especially after Steeplechase, and
traumatic-origin injuries also occur during Phase D.

Veterinary services

Veterinarians are involved in both sports in various manners.
Many are employed as primary healthcare providers on a
daily basis. Others are secondary or tertiary healthcare pro-
viders, either in an elective or emergent manner. Elective
referrals are often for more sophisticated diagnostic imaging
techniques such as ultrasonography, scintigraphy, or thermo-
graphy of musculoskeletal injuries. Emergent referrals are
sometimes necessary for all types of emergency conditions
typical in any equine practice. More recently, competitors in
both sports have embraced alternative therapies, either in
lieu of or in addition to conventional therapeutic measures,
in an effort to maintain soundness and maximize perform-
ance in these elite equine athletes.

Many practitioners also have contact with these horses
only at competitions, as treating veterinarians (the con-
ventional ‘horse show veterinarian’), team veterinarians,
drug testers, or official veterinarians. Treating and team vet-
erinarians are also healthcare providers, but in the crucible of
competition. Treating veterinarians often have contact with
many of the same owners, riders, and horses over the course
of a horse show circuit, and develop a valid long-term
doctor–client–patient relationship. Team veterinarians
function as treating veterinarians but for only one team, 
thus allowing more focused and intensive care for a more
limited number of horses. The most difficult part of the team
veterinarian’s job is remembering the FEI Code of Conduct,19

which states that:

In all equestrian sports the horse must be considered para-
mount. The well-being of the horse shall be above the
demands of breeders, trainers, riders, owners, dealers,
organizers, sponsors or officials. All handling and veteri-
nary treatment must ensure the health and welfare of the
horse,19

all while the team veterinarian is feeling the intense pressure
of the team, governing federation, and home nation in
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wanting to ‘get a team through’ the competition intact with
sufficient competitors to achieve a composite team score.

Drug testers and official veterinarians also have as their
goal the welfare of the horse, but their responsibility is more
regulatory than as healthcare providers. Drug testers or
medication control personnel are responsible for collection of
blood and urine samples and for establishing an appropriate
chain of custody to determine the validity of any evidence of
wrongdoing which they may have collected.19 Official veteri-
narians are responsible for the health of all the horses com-
peting at a show or event, and make decisions appropriate for
that care under the rules of that competition. The com-
petition’s Organizing Committee, with the approval of the FEI
and/or the national federation, selects a Veterinary Delegate
for any FEI-sanctioned competition.19 The FEI determines the
Veterinary Delegate for CCIO, CICO, or CDIO.19 That Delegate
is responsible to head the Veterinary Commission and is also
responsible to the Ground Jury for veterinary matters. These
responsibilities include: passport control; arrival examina-
tions; control of veterinary practitioners within the stabling
compound; recommendations to the Ground Jury about
fitness to compete at official jogs or veterinary inspections
(Fig. 51.5); and oversight of medication control.19 Official
veterinarians are sometimes at odds with treating or team
veterinarians, but all should remember that the officials are
ultimately responsible for the welfare of all the horses in the
competition. The best relationships are those where the vet-
erinary officials are somewhat flexible before the relationship
becomes too adversarial. The treating veterinarians must also
remember that the officials have as their primary mandate
the welfare of the horse. These officials are often very experi-
enced in their roles, and many have functioned as treating
veterinarians in the past.

Common diseases 
and conditions

Horse competing in dressage or eventing may have all the
same problems or internal diseases of any other horse.
However, some conditions may be more common due to the
type of activity in which they compete. As always, poor
conformation also plays a significant role in many unsound-
nesses. For example, post-legged or straight hindleg con-
formation may predispose a dressage horse to hock or 
stifle lameness, as will sickle hocks or the cow-hocked
conformation more common in many Warmblood breeds.

Skeletal

Forelimb problems in dressage horses are less common than
hindlimb problems. Improper hoof balance is not a rare
problem and is best corrected with the farrier and veterinar-
ian working together to achieve proper medial-to-lateral and
left-to-right hoof balance. Because dressage does not occur at

high rates of speed, supporting leg lamenesses such as bowed
tendons or suspensory disease are less common than in event
horses but may still occur, particularly when horses begin 
to attempt extended gaits (Fig. 51.1). Fetlock synovitis or
arthritis is seen secondary to extended movements at upper
levels (note fetlock hyperextension in Fig. 51.1), especially in
former Thoroughbred race horses converted to use as
dressage or event horses.

Foot balance is also of critical importance in event horses
galloping over varying terrain with differing footing condi-
tions, all possibly up, down, or sideways to the slope of the
hills. Due to the repetitive stresses caused by jumping, event
horses are predisposed to developing navicular disease. This
predisposition is worsened by poor foot conformation, with
underrun and contracted heels, common in many North
American Thoroughbreds who are former race horses. Sole
bruises, pedal osteitis, and other foot conditions may also be
seen due to poor foot conformation, the high training mileage
required to keep 3DE horses fit to perform,20 and the varying
surfaces encountered in training and in competition. Because
of the high speeds and jumping at speed required in eventing,
supporting leg injuries such as bowed tendons or suspensory
desmitis are more common than in dressage horses. These
injuries are more common as 3DE horses approach the upper
levels where horses and riders must learn to negotiate stee-
plechase courses and fences at the required velocities.

Due to the stresses caused by the excessive hindlimb reach-
ing required in dressage (‘impulsion’), hock pain and bone
spavin are common maladies of both dressage and event
horses. Traumatic stifle injuries are more common in 3DE
horses as they progress up the ranks, owing to the greater
height and spread of obstacles (Figs 51.3, 15.4) at the upper
levels (Tables 51.1–51.3).21–23 These stifle injuries consist 
in increasing severity of dermal abrasions (‘stifle rubs’),
deeper soft tissue or patellar desmitis injuries, or patellar
fractures.21–23

Corrective shoeing in dressage horses may be done with
minimal concerns about shoe loss from over-reaching during
high-intensity exercise. Event horses, however, are somewhat
more restricted in the use of wedge shoes or bar shoes since
they may be more prone to pulling or twisting them off while
galloping and jumping cross-country. Horses in 3DE are often
shod with threaded holes drilled into the heels of their shoes
to allow heel caulks or studs of varying length to be changed
before or even during the competition, depending upon the
looseness and moisture content of the footing on the day of
competition.

Muscular

Exertional rhabdomyolysis (ER), myopathy, or tying-up is not
a common problem in dressage horses but is much more
common in 3DE horses. This condition may be related to
hereditary Thoroughbred ER24,25 but more commonly has no
apparent hereditary component.24 Unfitness and overheating
seem to play important roles in the development of ER,8,24 as
may excessive dietary carbohydrate intake.24,26 Diets higher
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in fat content have proven curative for many horses.24 Up to
20% of the diet may be fed safely as fat, available in various
commercial feed products.27 One inexpensive and convenient
manner of feeding more fat is to increase gradually the daily
intake until as much as 2 cups (450 mL) of corn oil twice
daily is top-dressed onto the horse’s regular grain diet.27

Exertional rhabdomyolysis should be considered an emer-
gency, whether it occurs during competition or training, and
appropriate therapy should be instituted. Treatments should
include cessation of exercise, provision of adequate cooling
(oral water, water baths, shade, fans), administration of non-
steroidal anti-inflammatory drugs (NSAIDs), tranquiliza-
tion (acepromazine for tranquilization and peripheral 
vasodilatory effects), and eventually diuresis with fluids
(40–60 L i.v. of isotonic fluid per 500 kg horse over 
6–12 hours).

Hyperkalemic periodic paralysis (HYPP) is a hereditary
disease manifesting as muscular weakness in Quarter
Horses.28,29 All horses known to be afflicted with the disease
trace their pedigree to a single Quarter Horse stallion who
passed it on to his progeny as an autosomal dominant trait
with incomplete penetrance.29 Homozygous horses are more
severely affected than heterozygous horses. This condition is
not commonly seen in dressage or eventing horses since
Quarter Horses compete in these sports less commonly than 
do Thoroughbred or Warmblood horses. A genetic test is
available on EDTA-preserved blood.

Heavier-bodied horses such as Warmbloods tracing some
of their ancestry to draft breeds may be predisposed to devel-
opment of polysaccharide storage myopathy (PSSM).24,30

This condition manifests as poor performance, tying-up,
muscle weakness, or shaking or shivering. Feeding more fat
and less carbohydrate as energy sources is curative in many
cases.30

Back soreness occurs in horses competing in both of these
sports, most commonly due to muscle soreness secondary to
hindlimb lameness (primarily bone spavin). Back pain may
also be secondary to poorly fitting or poorly stuffed saddles in
some horses.31 Less commonly back pain in horses may be
due to primary back disease (Fig. 51.6),32 comprised usually
of over-riding dorsal spinous processes, and sometimes of
painful spinous processes (Fig. 51.6B, C) without any actual
over-riding onto adjacent vertebrae. Thermography (Fig.
51.6A) and scintigraphy (Fig. 51.6B, C) may be important
adjunctive diagnostic tools in evaluating back soreness.33,34

Acupuncture with application of needles35,36 or cold
laser36,37 can serve as both a diagnostic and a therapeutic tool
in back soreness. Massage therapy may only be palliative but
can serve to assist in improving performance if the horse feels
better afterward, even if only temporarily.38–40 Chiropractic
therapy is often used in horses with back soreness,40–43 but
may serve more to provide massage therapy than actual true
chiropractic adjustment. Due to the size differences between
patient and veterinarian, and the horse’s large muscle
masses, huge protected vertebral column, and flighty nature,
some scientists argue that true chiropractic adjustment or
manipulation of a horse’s spine is virtually impossible in a
standing athletic horse (LB Jeffcott, personal communication,

A

B

Cranial thoracic

C

Scapula

Fig. 51.6
Lateral thermograph (A) and lateral (B) and dorsal 
(C) scintigraphs from a dressage gelding demonstrating
increased heat in the withers (A: red-to-white areas on point
of withers) and abnormal radiopharmaceutical uptake (B and
C: dark focal increased uptake) in the tips of the dorsal
spinous processes of the withers (courtesy of 
Dr J.Waldsmith, San Luis Obispo, California).



1992–1996). Others feel just as strongly that spinal mani-
pulation is possible and beneficial in athletic horses.40–43

Respiratory

Left laryngeal hemiplegia (LLH or ‘roaring’) is a common
problem in both dressage and event horses because both
sports emphasize the need for horses of larger stature. Both
Thoroughbred and Warmblood horses are more likely to be
larger and thus are more likely to be roarers. Surgery is cor-
rective of the hemiplegia but not necessarily of the audible
noise. Ironically, the pre- or postoperative LLH noise is con-
sidered a fault in the American hunter show ring, so horses
that develop LLH as hunters may actually undergo lifestyle
changes and become jumpers, dressage, or event horses.
Other upper airway obstructions such as dorsally displaced
soft palate or epiglottic entrapment may occur in horses com-
peting in these sports but should not be considered to be more
common than in other horse sports.

Sinus problems secondary to dental problems may be more
common in these horses only because as they get older they
are more predisposed to cheek tooth problems. Guttural
pouch disease and strangles are not common occurrences in
these horses because these are diseases of younger, not older,
horses.

Lower respiratory tract problems may be more common in
these horses owing primarily to their age and the stress of
transport.44 Depending upon the geographic location, dres-
sage competitions may be more plentiful and require less
transport distance for horses to compete. Three-day events
and horse trials are much more common in the mid-Atlantic
region of the eastern USA, so the distances between horse
shows for both event and dressage horses are much greater in
the midwestern and western USA. Pneumonia and pleuro-
pneumonia in non-juvenile horses are clearly related to
transport stress, particularly after transport greater than 
500 miles.45 Transport stress may be less of a factor in devel-
oping pleuropneumonia in European horses owing to the
proximity of numerous competitions.

Exercise-induced pulmonary hemorrhage (EIPH) occurs
in event horses during or after the Cross-Country Test. 
Epistaxis is occasionally evident at the end of Cross-Country
(Fig. 51.7) but endoscopy is not used routinely for diagnosis
as it is in the racing industry. EIPH is not associated with exer-
cise intolerance as commonly in 3DE horses as it is in race
horses. The industry-wide North American prophylactic
treatment with furosemide (frusemide) is not possible in
event horses since it is prohibited due to concern over its dilu-
tion of urine and possible masking of positive tests for other
prohibited substances.

Heaves or chronic obstructive pulmonary disease (COPD)
occurs sometimes in both event and dressage horses. Their
occupations do not necessarily predispose them to allergic
lung disease, but it is somewhat age-related in its onset and
these tend to be older horses when they are at their prime
competitive age. Management changes are critical but not
curative since the allergy never disappears. Pasture turnout,
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wetting hay, and minimizing other dust exposure in bedding
and diet minimizes allergen exposure and reduces the fre-
quency and severity of exacerbations. Systemic treatment
with corticosteroids and/or bronchodilators may be possible
during training but is prohibited during competition.19

Newer inhalation therapies may minimize the chances of a
positive drug test but recent research with inhaled albuterol
has shown that it is detectable in plasma for several hours
after inhalation at therapeutic dosages.46 Urine ELISA con-
centrations of inhaled albuterol are not detectable beyond 
24 hours after administration, but those investigators recom-
mended an additional 24 hours (48 hours total after the last
dose) to avoid a positive urine test after use of the albuterol
inhaler.47 The best scheme should be to manage the disease as
best as possible at home and to avoid therapy during com-
petition while still maintaining exposure discipline even
while away from home at a horse show or event.

Gastrointestinal

Dental problems in dressage and event horses may predispose
them to misbehavior, head-shaking, or refusal to turn in the
dressage ring or refusal of jumps in the Cross-Country Test or
in stadium jumping. Sharp labial points may cause pinching
of the cheek or even oral ulcers which result in oral soreness
and sensitivity. Ill-fitting bits may cause similar problems in
the rostral mouth area close to the first cheek teeth. Wolf
teeth may interfere with proper bitting. Appropriate and
regular dental care should be curative. The most common
error is that the teeth feel properly floated on superficial
examination of the rostral labial surfaces of the first cheek
teeth, but caudal enamel hooks and/or buccal points may be
present and may cause misbehavior even when not inter-
fering with the bit. Proper and complete oral examination
with a speculum and a light source should make the source of
the problem evident.

Fig. 51.7
Epistaxis secondary to exercise-induced pulmonary
hemorrhage in a three-day event horse during the 
Cross-Country Test at the 1999 North American Young Riders
Championships in Wadsworth, Illinois.



Gastric ulcers may be caused in these horses by a number
of factors. Dietary risk factors include high grain intake and
minimal pasture exposure.48 Intense exercise and training
stress may be ulcerogenic, as may transport stress. Mini-
mizing stress is important whenever possible, and common
anti-ulcer medications (cimetidine, ranitidine, omeprazole)
are curative. Ranitidine (but not cimetidine) and omeprazole
are approved for use during FEI competitions.19

Colic is another stress-related illness in dressage and event
horses. Predisposing factors include minimal pasture
turnout, transport stress, changes in water and dietary
intake at competitions, and stress of competition itself. Cross-
country exercise in particular may cause dehydration,
especially at upper levels in conditions of high heat and
humidity.49,50 It has been estimated that as much as 10–15%
of the horse’s extracellular fluid volume may be present in the
large colon, and this water reserve is the first source for the
horse to mobilize in the face of dehydration.51 This increased
colonic water resorption may result in dehydration of colonic
contents and impaction colic. Treatment beyond oral and
intravenous fluids and possibly mineral oil may require the
horse to be removed from competition.19

Diarrhea is another transport, dietary, and competition
stress-related illness which occasionally occurs in dressage
and event horses. It should be considered an emergency, and 
is cause for withdrawal from competition and isolation from
the general population within the home or competition 
stable.

Cardiovascular

Cardiovascular diseases are not common in event or dressage
horses but may be important when they occur. As elite ath-
letes, these horses commonly have normal athletic arrhyth-
mias such as second-degree atrioventricular block, sinus
arrhythmia, wandering atrial pacemaker, or split first and/or
second heart sounds. Murmurs should be considered patho-
logic when loud and systolic. Aortic insufficiency with mini-
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mal clinical implications may be ausculted in older horses as
an acquired diastolic decrescendo murmur.

Atrial fibrillation (AF) occurs occasionally in 3DE horses8

more than in dressage horses. It is ausculted as an irregularly
irregular arrhythmia and is heard most during the Cross-
Country Test, either during the Second Horse Inspection
between Phases C and D or after completion of Cross-
Country. Typical idiopathic atrial fibrillation occurs as an
exercise-induced arrhythmia for no apparent reason. Three-
day event horses may be more prone to atypical AF due to
fluid and electrolyte loss, especially during conditions of
increased heat and humidity (Fig. 51.8A).8 For example, two
horses of 99 starters during the 3DE in the 1996 Olympic
Summer Games in Atlanta developed AF during the Cross-
Country Test (Fig. 51.8A).7 In these cases, isotonic fluids
(60 L i.v. over 6–12 hours) were administered after exercise
and were curative (Fig. 51.8B). Many horses have success-
fully completed the Jumping Test after developing transient
fluid-responsive AF during or after the Cross-Country Test.
Rest should be enforced after the competition is over, but 
the horse may be predisposed to subsequent episodes of AF,
especially under adverse weather conditions resulting in
increased fluid and electrolyte loss. Dietary supplementation
of electrolytes, proper water intake, and appropriate fitness
coming into the event may help to minimize the development
of AF in future competitions.

Fatal arrhythmia and ruptured aorta52 are two of the most
common causes of sudden unexplained death in 3DE horses.
EIPH is rarely fatal in these horses.

Neurologic

Infectious neurologic diseases (e.g. equine protozoal myelitis,
West Nile virus) are not more common in dressage and event
horses than in older horses performing in other sports.
However, 3DE horses occasionally sustain severe neurologic
trauma in jumping accidents during the Steeplechase or
Cross-Country phases.53 Fractures of the cervical vertebrae

Fig. 51.8
Electrocardiograms
performed after the
Cross-Country Test
in a three-day event
horse at the 1996
Olympic Summer
Games in Atlanta,
Georgia (A)
documenting atrial
fibrillation before
treatment and (B)
normal sinus rhythm
after intravenous
treatment with 60 L
of lactated Ringer’s
solution. Recorded
at paper speed of
25 mm/s.

(A)

(B)



1099
51 Veterinary aspects of competing and training three-day event and dressage horses

are generally due to falls at jumps, especially at drop fences or
water jumps, and invariably prove to be fatal to the horse.
Riders can sometimes be injured similarly in these falls.

Endocrine

Estrus behavior is the most common endocrine problem
encountered in dressage and event horses. Cycling mares
may act inappropriately during the dressage test when it is
expected that they should be quiet and obedient. Altrenogest
(Regumate) is currently prohibited under FEI rules19 but not
under USA Equestrian rules.3 Judicious scheduling of com-
petitions around heat cycles or neutering may be the only
other alternatives when hormonal therapy is prohibited.

Hypothyroidism remains a controversial but often cited
cause of exercise intolerance in horses.27,54,55 Recent data
have shown in a surgical model of hypothyroidism that
affected horses have poor cardiac function due to poor
myocardial contractility.54 Affected mares had decreased
resting heart rate and cardiac output. This effect is presumed
to be due to downregulation of myocardial �-receptors 
evidenced by decreased cardiac responsiveness to isopro-
terenol. This poor cardiac function was further manifested 
in exercise intolerance when these same mares under-
went treadmill step tests after thyroidectomy. Supple-
mentation with thyroid hormone partially or completely
reversed the various effects of hypothyroidism over one
month’s time. A commonly cited dose for thyroid hor-
mone supplementation is 30 grains (1.95 g) orally twice
daily, yielding approximately 2.5 �g/kg of thyroxine (T4)
and 0.6 �g/kg of tri-iodothyronine (T3) with each
dose.27,54,55

Cushing’s syndrome is rare in competitive dressage and
event horses because they are usually younger than the
typical late-teenaged years of onset of Cushing’s disease.

Dermatologic

Ringworm typically occurs in horses younger than those
actively competing as dressage and event horses. Saddle-
induced skin injuries are also rare as these riders usually take
extra precaution to ensure that their saddles fit properly.
Lacerations sustained during cross-country are common in
event horses and pose particular problems since local anes-
thetics and sedatives are prohibited substances under all
rules.3,19 Permission may be obtained from the Veterinary
Delegate and the Ground Jury for judicious use of small
amounts of local anesthetic without sedation. Abrasions, or
‘road rash’ injuries, are also common from horses falling,
slipping on wet grass or pavement, or rubbing their knees,
hocks, or stifles over cross-country jumps. While the skin is
raw and abraded, the concern in an unsound horse should be
the probable underlying soft tissue injury such as patellar
ligament pain after a stifle rub. These skin and underlying
injuries are of genuine concern to the riders since they may
be sufficiently painful to cause a horse to be eliminated at 
the Third Horse Inspection on the morning after the Cross-

Country Test and before the Jumping Test. They require
considerable icing therapy and possibly the use of cold lasers
on underlying ligamentous pain. Use of alternative ther-
apies such as cold lasers must be reported in writing at FEI
competitions.19

Ocular

Ocular injuries are not common in these horses, and
anterior uveitis is no more common than in other horses.
Ocular disease should be investigated, however, as a pos-
sible problem whenever a horse suddenly becomes recalci-
trant, unwilling to move forward or to jump as freely as
usual.

Behavioral

Behavioral problems are sometimes the most difficult diag-
noses, since the rider and trainer do not want to believe that it
is not something physical that is causing the horse’s failure to
perform. Perhaps a horse and rider are simply not suited to one
another. If either member of the pair is too inexperienced (‘too
green’), they may not be able to compete effectively despite
being completely healthy physically. Some riders, in their
nervousness, make certain horses more nervous and skittish
than other riders. Horses often ‘go better’ for the trainer than
for the owner/rider, and that rider simply has a difficult time
dealing with the fact that he/she does not ride as well as is nec-
essary to get the best performance out of that horse. Tack and
bit problems are relatively uncommon but may be the source
for some misbehaviors, as may poor dentition. The recycled
Thoroughbred race horse is another problem, in that it often
comes with poor foot conformation, other injuries such as
bowed tendons, and racing-related inappropriate behavior 
for the show ring such as a frustrating willingness to be 
overly nervous and unwilling to quiet down at the appro-
priate time.56 Some veterinary practitioners feel that acu-
puncture may have a calming effect in nervous horses 
prior to competition (A Young, personal communication,
2002).

Metabolic/heat-related

Anhidrosis is a rare problem but is sometimes seen in horses
traveling to warmer climates from more temperate climates
(e.g. from Chicago to Florida for the winter show circuit).
Horses with anhidrosis fail to sweat effectively, although 
they may sweat in intermittent spotty patches but not
diffusely as needed for proper thermoregulation. Diagnosis 
is by subcutaneous injection of epinephrine (adrenaline)
followed by a failure to sweat in the injected area. Therapy 
is primarily by heat management (ride in cooler climates 
and cooler times of the day, fans on the stall, frequent baths).
One commercial product (One-AC) has been touted as
curative for many horses but controlled trials are not
available.
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Dehydration, fatigue, and heat-related illnesses are 
common in 3DE horses, especially when competing in con-
ditions of higher ambient heat and humidity.5–14,27,49,50,57–60

Heavily muscled dressage horses are also subject to heat-
related illnesses. The most difficult decision for the prac-
titioner examining a hot sweaty horse is distinguishing
between simple fatigue, exhaustion and/or possible heat
stress, and heat stroke (Fig. 51.9).8 Fatigued horses recover in
10–30 minutes with simple bathing and voluntary water
ingestion. Exhausted horses, and those with possible heat
stress as part of their exhaustion, do not recover as rapidly
but are still willing to drink, move around gradually, and
seem moderately alert eventually.8 Horses with heat stroke
are in shock and are profoundly depressed, unwilling to eat,
drink, or walk, and do not recover without intensive care in

the form of large volumes of intravenous fluids and repetitive
external cooling.8

Cooling procedures for 3DE and other hot horses have been
the focus of considerable research in recent years.5–8,13,14,61,62

A number of different studies have shown that horses may 
be cooled actively with large volumes of ice cold water 
placed repeatedly directly onto their backs and heavily 
exercised muscles (Fig. 51.10) without any complications
such as overt tying-up or subclinical myopathy (manifested
as increased plasma creatine kinase activity).5–7,61,62 Use 
of this active cooling technique under conditions of adverse
heat and humidity has been shown to accelerate the recov-
ery of 3DE horses.61,62 Shade and fans may also be used 
to improve heat loss, minimize radiant heat gain, and speed 
recovery.5–8,63

3DE horse crosses finish line at end of CC course

Examination every 10 min by veterinarian appointed to triage
finishers for injuries and signs of fatigue or heat stress

Increased TPR
Weak
Shaking one or more limbs

Rx Normal cooling procedures
Hand walking between cooling baths

Therefore, normal ‘fatigue’ is diagnosis

Rx Normal cooling
Hand walking between cooling baths
Hand walking back to stable area
once recovered, unless distance is
excessive

Continuous weakness/shaking
Fatigued but not depressed
Excessive sweating
Dehydration present
CRT normal or slightly delayed
Willing to drink if offered soon enough
Moderate gut sounds on auscultation
T continues to rise despite stopping exercise

Therefore, ‘exhaustion’ is diagnosis
[ or ‘heat stress’ if severe enough]

Rx Active cooling
Oral fluids
i.v. fluids
± NSAIDs (use may be restricted by rules if horse is
 still in competition)
No corticosteroids
Intermittent hand walking may be indicated if tolerated
Transport back to stall
May be able to continue competition if recovery
is complete

Continuous weakness/shaking for more than
10-20min, or worsening over that same period
of time while being monitored
Staggering
Stiffness
Depressed
Head/neck drooping
Moderate to severe dehydration
Poor/no sweating
Poor CRT
Unwilling to drink even if offered
Poor/absent gut sounds
T continuing to rise despite stopping exercise

Therefore, ‘heat stroke/shock’ is diagnosis

Rx Aggressive active cooling
No oral fluids
Large volume of i.v. fluids
NSAIDs especially after fluid replacement
Corticosteroids for shock
Walking contraindicated
Mandatory transport back to stall
once stabilized
Further competition contraindicated

Does not recover quickly within 10-20minRecovers quickly within 10-20min

Fig. 51.9
Decision-tree for distinguishing between simple fatigue, exhaustion and heat stress, and true heat stroke. CC, cross-country;
CRT, capillary refill time; NSAID, non-steroidal anti-inflammatory drug; Rx, treatment; T, temperature;TPR, temperature, pulse (heart
rate), and respiratory rate.



An additional mandatory 10-minute rest stop on Phase C,
now called C Halt, has been used in a number of hotter 3DE
competitions since 1994 to ensure that horses are properly
cooled after Steeplechase.5–8,11–14 It was shown in the 1996
Olympic Summer Games,13,14 and in treadmill laboratory sim-
ulations prior to Atlanta,5–8 that C Halt was clearly beneficial to
recovery after Phase B galloping in conditions of high heat and
humidity. Since 1999, the FEI has mandated the use of C Halt
in all CCI*** and CCI**** regardless of the weather conditions.

Horses will drink immediately after endurance exercise
such as Roads and Tracks or Cross-Country, but only during
approximately the first 5 minutes of recovery, so water or
electrolyte water should be offered immediately.64 If the horse
fails to ingest water (i.e. it was not offered, or the horse was
too exhausted to drink), water or electrolyte solutions may be
administered orally via nasogastric tube (4–8 L of roughly
isotonic fluid after exercise) with few complications once the
horse has returned to its stall. Administration of intravenous
fluids is indicated in horses with overt heat stroke, myopathy,
and even simple fatigue and dehydration under severe
climatic conditions (Fig. 51.9). Recommended volumes of
isotonic fluid range from 10–30 L for simple fatigue and
dehydration to 50–80 L over several hours for horses with
more serious clinical problems.8

Prevention of heat-related illnesses is the purview of the
treating veterinarian and should be undertaken aggressively
to avoid problems during or after the competition. Horses’
water intake should be monitored always, but especially after
transport and when away from home. Bodyweight may be
the best measure of monitoring hydration status if owners,
riders, and grooms have access to a scale and are encouraged
to use it.9,11,65,66 Fluid-loading prior to competition has
become more commonplace, especially prior to the Cross-
Country Test.7,8,13 Approximately 2–4 hours prior to com-
petition, the horse may receive safely 4–8 L of oral electrolyte
mixture in water (roughly isotonic) via nasogastric tube.67–70

The only real risk from this procedure is iatrogenic epistaxis.
For this reason, some riders or team veterinarians prefer to
administer isotonic fluids (5–10 L) intravenously prior to
exercise. Each rider must also learn to be constantly aware of
his horse’s performance, strength, gait pattern, forwardness,
and breathing patterns to be sensitive to the possibility that
the horse is not feeling well, is ‘not itself ’, and may have some
physical reason for performing poorly.8 After exercise, proper
active cooling techniques may assist in recovery and may
help to prevent further possible heat-related illness 
(Figs 51.9, 51.10).5–8,13,14,61–63

Medications during
competition

The different governing bodies of equestrian sport retain the
right to set their own drug rules and penalties for violations.
Since 1992 FEI has maintained a zero tolerance policy
toward nearly all drugs, including NSAIDs, in horses in com-
petition. The inherent philosophy is that there should be a
level playing field for all horse and rider pairs, and that to
allow any performance-altering drugs to be present on the
day of competition might allow one competitor to have an
unfair advantage over his/her counterparts by having better
medication, not necessarily a better horse. There are a few
substances for which FEI has set maximum allowable limits,
since they can be present in horses to a slight extent due to
natural exposure through feedstuffs or other environmental
contamination.19 Those substances for which maximum
thresholds have been established under FEI rules include:
total carbon dioxide (37 mEq/L plasma), dimethyl sulfoxide
(DMSO: 15 �g/mL in urine or 1 �g/mL in plasma), hydro-
cortisone (1 �g/mL in urine), salicylic acid (750 �g/mL in
urine or 6.5 �g/mL in plasma), theobromine (2 �g/mL in
urine), total arsenic (0.3 �g/mL in urine), and the hormones
nandrolone and testosterone.19 FEI rules allow the use during
competition of most antibiotics, anthelminthics, vitamins,
fluids and electrolytes, ranitidine (but not cimetidine), and
omeprazole.19

During or just prior to a competition, a horse may require
treatment for any of dozens of different medical or surgical
problems. In these various situations, the FEI General
Regulations state:

The Veterinary Commission/Delegate must give written
approval on the appropriate form before any veterinary
treatment or medication with a Prohibited Substance is
administered to a horse during the entire course of an
event. If during this period it is urgently necessary to treat
a horse with a Prohibited Substance, the Veterinary
Commission/Delegate must be informed at once and the
circumstances reported to the President of the Ground
Jury. Any treatment so administered must be indicated 
to the Veterinary Commission/Delegate by written cer-
tification. The Ground Jury must, on recommendation of
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Fig. 51.10
Active cooling being performed on a British three-day event
horse between Phases C and D at the 1996 Olympic Summer
Games in Atlanta, Georgia.The team veterinarian is observing
the bathing of the horse and standing by to administer
additional advice or treatment if necessary.



the Veterinary Commission/Delegate, decide whether the
horse may take part or continue in the event, having
regard to the welfare of the horse and to the possibility
that the competitor may obtain an unfair advantage.2

Three examples of entirely different clinical circumstances
follow to illustrate common but complex interpretations of
FEI medication rules. (1) A horse sustains an eye injury or
corneal ulcer which requires local medication but which may
not require any medication that might unlevel the playing
field. Systemic flunixin meglumine should be avoided in this
horse but might be used in a similar injury out of competi-
tion. (2) A horse sustains a small laceration which will not
prohibit further competition but which requires suturing.
Judicious use of a local anesthetic might be approved by the
Veterinary Commission but sedation might not be approved
prior to suturing. The anesthetic will be in a small amount
and should have no lasting consequence on the future of the
competition. However, tranquilization might affect the com-
petition since it might make a dressage horse, for instance,
quieter for a test the following day, obviously depending upon
the dose and drug used. Its legitimate use to suture the lacer-
ation might also make it more difficult to detect a second dose
given illicitly the following day. Finally, (3) a horse develops
colic signs severe enough to require systemic use of an
NSAID. This horse should be treated and removed from com-
petition since it (a) has a medical problem severe enough to
preclude it from further competition for medical reasons
alone, and (b) has received one or more doses of an NSAID
which might affect the outcome of the competition since the
NSAID will also have musculoskeletal effects that might
benefit the horse and create an unlevel playing field.

The most commonly detected foreign substances in the FEI
Medication Control Programme are analgesics (primarily
NSAIDs including salicylic acid), comprising 58% of the posi-
tive samples in 1999 (AK Allen, personal communication,
2001). Corticosteroids, caffeine, theobromine, isoxsuprine,
and tranquilizers are less commonly encountered. From
1990 to 1998, 79% of the positive drug tests in FEI competi-
tions were from showjumpers, and only 9% and 8% were
from 3DE and dressage horses, respectively.

USA Equestrian rules are just as restrictive as those of the
FEI for most substances such as stimulants, tranquilizers, and
other mood-altering drugs.3 However, USAEq rules are much
more liberal than FEI with respect to NSAIDs.3 The philo-
sophy simply put is that therapeutic medications allow some
horses to continue to compete at an effective level over the
course of a season or over the course of a long horse show.
The rule specifically states, ‘The full use of modern thera-
peutic measures for the improvement and protection of
the health of the horse and/or pony is permitted’.3 USA
Equestrian rules prohibit the use of any drugs within 
24 hours of competition, but they allow for fairly liberal use
of five different NSAIDs up to 24 hours prior to competition.
Furthermore, two different NSAIDs may be detected legally in
horses in competition as long as: (1) phenylbutazone and
flunixin meglumine are not detected in the same horse on 
the same test, and (2) each NSAID detected is below a 
maximum threshold established by USA Equestrian. Those

maximum thresholds are set for plasma concentrations of
phenylbutazone (15 �g/mL), flunixin (1 �g/mL), ketoprofen
(0.25 �g/mL), meclofenamic acid (2.5 �g/mL), and naproxen
(40 �g/mL).3 Tranquilizers, cocaine, and NSAIDs above the
allowable limits are the most commonly detected foreign sub-
stances under USAEq medication testing (AK Allen, personal
communication, 2001).

Finally, there are innumerable unsanctioned or unrecog-
nized horse shows that may not be subject to any drug testing
by a governing body unless local law allows for testing.
California law, for instance, allows state veterinarians from
the California Drug and Food Administration to drug test 
any horse show in California, sanctioned or otherwise. Most
European Union countries now have commonly restricted
use of NSAIDs in horses in general, although veterinarians in
the UK have fought what they see as a restriction on their
ability to practice freely to promote optimal health and pain
relief in their equine patients.

Depending upon the governing body, the rider may also be
subject to drug testing during a competition. Any competitor
identified by the national federation as an international 
level competitor is also subject to random, unannounced,
out-of-competition drug testing by the national federation at
any time.
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to the FEI rules, although the courses and climate can be quite
different.

Endurance rides vary in distance from 20 to 480 km,
although single day rides are usually between 40 and 160 km
(25–100 miles). Single day events are the most common,
although some rides last several days and cover several
hundred kilometers. FEI-sanctioned rides must be over 80 km.1

The course has multiple check points (known as ‘vet gates’) at
which veterinarians inspect the horses and determine whether
or not the horse may continue in the race.2 The first horse and
rider to cross the finish line are declared the winners, but only
if the horse is judged to be sound upon completion. Emphasis is
on completing the event safely (to finish is to win) and formal
recognition is made of the top finisher (usually in the first 10
placings) that is in the best overall physical condition.3

The wellbeing of the horse is emphasized and the veterinar-
ian plays a key role in this regard. The veterinarian has com-
plete control concerning fitness to continue during an event.
Riders also place a premium on welfare of the horse; they are
generally very respectful of veterinary judgments, even in
those situations in which the horse is removed (‘pulled’) from
competition. The use of heart rate monitors for continuous
assessment of the horse’s heart rate is common.

Types of horses

Arabians and Arabian-crosses are the predominant breed
used for endurance riding. This distinction is probably based
on their muscle fiber composition4 and a preferential ability
to utilize lipid during submaximal exercise.5 That said, mules,
Tennessee walkers, and a mix of other breeds can be seen in
any endurance event. The monetary value of horses partici-
pating runs a large gamut, ranging from horses trained in the
stables of Sheiks to the ‘backyard’ horse.

Endurance horses are typically of a lean, medium build,
14-2 to 15-1 hands tall, with bodyweight ranging between
390 and 480 kg (850 to 1050 pounds). Deep chest, medium
to short back, and correct legs are other desirable physical
characteristics. The feet should be large, medium to short
toed, strong walled and set to support the leg. The movement

Overview of the sport

Endurance riding is an internationally recognized sport in
which a horse and rider team covers a designated course within
a set time. Although horses have been used for centuries to
transport people over long distances, the sport of endurance
racing originated in the USA relatively recently, and then
spread rapidly to Australia and other parts of Oceania, Europe
and the Middle East. The Western States (USA) 100 has run
continuously since 1955 and involves a one-day event that has
a 7500 foot elevation change over a challenging terrain. A
well-known eastern US event, the Old Dominion, is a 100-mile
event that has been run for 29 years. In the USA, the major
endurance organization, the American Endurance Ride
Conference (AERC), was started in 1972 and now sanctions
over 700 rides annually. In 1990, an endurance event was held
at the first World Equestrian Games in Stockholm. In 1992, the
Fédération Equestre Internationale (FEI) recognized endurance
riding. With this sanction, endurance racing became a truly
international equine sport (Table 52.1). At the 2002 World
Endurance Championship, a total of 36 countries participated.
In 2002, the Pan American Endurance Championship had
nearly 90 horses participating from nine countries. Some
countries have established endurance programs dating back to
the 1960s, while in other countries the sport is new. In most of
these countries, the rules of endurance racing are very similar

Veterinary aspects of endurance
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of the horse’s legs must be smooth and efficient. Any move-
ment away from the axis of a leg during the swing phase of
the stride, such as winging out, is a weakness. Long sloping
pasterns that place the heels under the front of the cannon
bone are also a weakness.

Control veterinarian

This individual takes responsibility for knowing the rules
(regulations are provided by each sanctioning group, e.g.
AERC or FEI) and controlling the flow of the ride. The control
veterinarian determines and sets the criteria for heart and
respiratory rates required for a horse to continue in a race
(common criteria would be a heart rate of 60 beats per
minute and a respiratory rate of 40 per minute). In hot and
humid climates, particularly when the heat index is high, the
time to reach target heart and respiratory rates may be
lengthened to ensure adequate recovery. Throughout the
ride, as weather conditions change, the control veterinarian
can dictate changes in these control parameters. The control
veterinarian also attempts to ensure uniformity in veterinary
assessment throughout the race. There are likely to be several

veterinarians seeing multiple horses, but not necessarily the
same one throughout a race.

Treatment veterinarians

These individuals, acting under the supervision of the
control veterinarian, participate in horse assessment pre-ride
and during the ride itself. The role of the treatment veterinar-
ian is to treat problems encountered at the ride. The inter-
mingling of 50 to 250 horses at one venue increases the
likelihood of infectious disease. As well, life-threatening
metabolic conditions somewhat unique to horses engaged in
endurance races are common. The treatment veterinarian
must be skilled in the early recognition and treatment of
these problems. Even a short delay in treatment until clinical
signs are advanced can result in poor outcome. The treat-
ment veterinarian must be prepared for the worst-case sce-
nario that may occur in a remote area. Treatment rates at
rides vary from 2% to 20% of the entries, and it is not
unusual for 10% of the entries (at a high-profile ride) to
require treatment for metabolic disease. One horse with 
a metabolic condition may require 50 or more liters of
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Country Organizations

Australia Australian Endurance Ride Association;The Victorian Endurance Riders Assoc (VERA)
Austria Verein Osterrichischer Distanzreiter
Belgium Belgium Equestrian Endurance League
Brazil Enduro Equestre
Canada Atlantic Canada Trail Riding Association; Canadian Long Distance Riding Association;

Endurance Riders Association of British Columbia, Endurance Riders of Alberta
Chile Carreras y Caballos (Chile)
France Comité Endurance Equestre de la Region de Versailles; Comité National des Raids 

Equestres d’Endurance; National Committee of France Endurance Riders
Germany Verein Deutscher Distanzreiter, 40–80+ km rides
Guatemala Grupo Endurance de Guatemala
Holland Dutch Endurance Riders (DER); Nederlandse Vereniging van Lange Afstandsruiters
Italy Associazione Nazionale per il Turismo Equestre e per l’Equitazione di Campagna;

Gruppo Italiano Endurance
New Zealand Canterbury Endurance and Trail Riding Club (25–160 km); Counties Distance Riding 

Club (Auckland); New Zealand Endurance and Competitive Trail Riding Association 
(first ride in 1970)

Slovenia Slovenian Endurance Committee
South Africa Endurance ride association of South Africa, in 2003, 82 races with distances of

80–480 km
Sweden Distans Uppland
Switzerland European Long Distance Riders Conference; Swiss Endurance Distanzreiter
UAE UAE Equestrian and Racing Federation, established 1992
UK Welsh Long Distance Riding Center

The British Horse Society Endurance Riding Group
Long Distance Riding Center (Gloucestershire);The Endurance Horse and Pony 
Society; Scottish Endurance Riding Club founded in 1982;
Irish Long Distance Riding Association; British Equestrian Federation (Endurance GB)

USA AERC, IAHA USA Equestrian Nation Rides 50–300 miles sanctioned by AERC and 
USA Federations; Ride and Tie Championship, now on its 33rd (2003) 30 mile event – 
Ride and Tie Association

Table 52.1 A list of different organizations sponsoring or sanctioning endurance rides in different
countries.This is not meant to be a complete listing as there are myriad local and regional horse groups
that participate in endurance and trail riding



intravenous (i.v.) fluid. Therefore, it is mandatory for the vet-
erinarian to have a large supply of i.v. fluids.

Team veterinarian

The role of the team veterinarian is to help the horse and
rider prepare for a competition (usually a championship) and
assist them during the competition. This usually involves
working with a team of people such as the farrier, physio-
therapist, private veterinarian and the horse’s support group.

Pre-ride inspection

Baseline data are collected prior to the start of the ride. A
physical examination includes auscultation of the heart,
lungs and abdomen, assessment of hydration state (skin
pinch and capillary refill time), and examination for any pre-
existing cuts, scrapes, bruises, tack sores, etc. The horse
should then be trotted out (40 m) and back for assessment of
gait and soundness. After the trot, a more complete lameness
examination, including flexion tests and digital palpation
(particularly to assess tendon/suspensory problems), may be
indicated. Palpation of the back using gentle pressure is
important for evaluation of soreness. Tone of the gluteal and
semitendinosus muscles is also determined. Careful recording
of these data on a ride card provides an important baseline
for temporal monitoring of the horse’s performance through-
out the race.

Vet gates

Ride management, usually in consultation with the control
veterinarian, determines the location and number of vet
gates. Horses coming into these gates have their arrival time
noted on the card and may not leave until a certain time has
elapsed and/or they have reached the heart and respiratory
rate criteria. A commonly used test is called the ridgeway trot
or cardiac recovery index (CRI). After measurement of the
pulse rate, the horse is trotted to a point 40 meters away and
trotted back. The horse’s pulse is recounted 60 seconds after
the start of the trot. If the pulse rate recovers to the original
pulse (± 4 beats), then the horse is considered metabolically
stable. If the horse’s pulse is more than 4 beats above the orig-
inal value, the horse is examined more closely. If the recovery
pulse is greater than 12 beats above the original value, an
underlying metabolic problem should be considered. General
physical and lameness examinations are also performed at
many of these gates and the results are recorded on the ride
card that accompanies the horse and rider.

Finish

A post-race physical and lameness examination is done to iden-
tify the ‘best of condition’ finisher (usually out of the top 
10 finishers) but more importantly, to identify potential meta-

bolic problems. Best Condition is the award given to the horse
judged to be in the best condition after the completion of the ride
– the soundness of the horse along with metabolic parameters
and signs of wear and tear are scored. Some riders would rather
win the best condition accolade than finish first.

Metabolic conditions

Metabolic conditions secondary to dehydration, electrolyte
and acid–base abnormalities, heat accumulation and sub-
strate depletion are common in endurance horses and can be
life-threatening. Sweat fluid losses as high as 15–20 liters per
hour may occur during the course of a ride. Therefore, some
degree of dehydration is the norm rather than the exception.6

Any endurance horse in metabolic distress should receive at
least 15 to 20 liters of fluids, preferably via the i.v. route.
Figure 52.1 provides one view of a field hospital where large
amounts of fluid can be delivered on site.

Exhaustion

Exhaustion is due to the compound effects of dehydration,
electrolyte imbalances, heat accumulation and substrate
depletion.7 The condition carries a favorable prognosis if rec-
ognized and treated early in the clinical course. On the other
hand, a delay in treatment can lead to life-threatening com-
plications such as laminitis and renal failure. Presenting
history is variable but may include depression, stumbling or
weak gait, lameness, depressed appetite, anorexia, dehydra-
tion and an unwillingness to drink, and a facial expression
often described as ‘glazed-over’, ‘blank’ or ‘grimaced’.
Affected horses are often dehydrated with dry mucous mem-
branes; membranes may demonstrate peripheral congestion
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Fig. 52.1
The mobile animal super-rehydration hospital (MASH) at the
Western States 100 endurance ride.The trailer contains cases
of fluids.Three liter bags are hoisted up the side of the trailer
to provide rapid gravity flow i.v. infusions. Photograph by SJW.



(margination of the gum line). Heart rate recovery is often
delayed, seldom dropping below 64 beats/min in the CRI test.
Gastrointestinal sounds may be diminished or absent, and
there may be signs of colic. The stool may be covered in
mucoid material. Signs of hyperthermia, myositis, and syn-
chronous diaphragmatic flutter also may be present.

Blood analysis usually reveals findings consistent with
dehydration and electrolyte depletion. The total protein con-
centration can be greater than 8 g/dL, packed cell volume
(PCV) greater than 50%, blood glucose concentration
decreased, creatine phosphokinase and aspartate amino-
transferase activities elevated, and total carbon dioxide or
bicarbonate concentrations decreased (alkalosis). Electrolyte
abnormalities often include hypocalcemia, hyponatremia,
hypochloremia, hypokalemia and hypomagnesemia.

The primary goals of therapy are to rehydrate and refuel
the horse. In mild cases of exhaustion, a longer ‘hold’ period
(e.g. additional 30–60 min) in the vet gate often facilitates
recovery. This extended rest allows the horse to eat and drink,
thereby replacing fluid and electrolyte deficits. Importantly,
the rider must be instructed to significantly slow the pace of
the ride. If the horse is removed from competition, further
treatments can be administered. It is important to consider
the duration of transportation between race venue and the
home farm or stable. Long transportation periods will place
additional stress on the exhausted horse. Clinical experience
has shown that aggressive rehydration will help the horse
recover quickly and make the trip home less stressful. If the
horse has a functional gastrointestinal tract, it is helpful to
rehydrate by administering 4 to 6 liters of isotonic water
through a nasogastric tube. This can be repeated every 30 to
60 minutes as needed. In most cases the authors prefer to
employ the i.v. route due to ease of fluid administration and
comfort to the horse – 15 to 20 liters should be given initially,
with the administration of further fluid if the horse does not
urinate.

The prognosis for uncomplicated exhaustion is good.
However, exhaustion that is complicated by colic, persistent
hyperthermia or laminitis carries a more guarded prognosis.
Prevention of exhaustion is reliant on the skill of the rider in
managing race speed in relation to horse fitness, weather,
competition conditions, and trail conditions. More aggressive
electrolyte supplementation regimens also may be indicated
in horses with a history of exhaustion in previous rides.

Hyperthermia

The metabolic consequences of sustained exercise include the
accumulation of a substantial heat load.8 A failure to balance
this heat gain with heat loss leads to an excessive elevation in
body temperature that decreases athletic performance and
can be potentially fatal. When the gradients for convective,
conductive and radiant heat loss are small or non-existent
(typical of a sunny, hot and humid day), the only mechanism
for heat loss is evaporation. When humidity is high, heat loss
by this mechanism is also inefficient. Some horses develop an
inability to sweat (anhidrosis) that exacerbates the occur-

rence of excessive hyperthermia.9 Typically these horses are
raised in cooler climates and the onset is precipitated by
transport to and performance in hot and/or humid climates.

At veterinary checkpoints, riders will complain that their
horse is tired. If the horse is trotted out for a lameness exam-
ination, it will show poor impulsion. These horses have
delayed recovery rates, and may present with an elevated
heart rate. Respiratory rates are elevated and may be rapid
and shallow (panting). Rectal temperature is often greater
than 40°C (104°F). Borborygmi are diminished (or may be
absent) and there may be signs of dehydration. Blood para-
meters may be normal or indicative of hemoconcentration
(increased plasma total protein and PCV).

The primary goal of treatment is to cool the horse rapidly.
All tack should be removed and the horse moved to a shaded
area. Aggressive cooling can be done with large quantities of
water applied with a hose or sponge. Cool (or, in very hot con-
ditions, ice cold) water is preferred as it creates the largest
gradient for heat transfer between the skin and the applied
water. Water should be applied over the entire animal, includ-
ing neck and legs. Repeated cycles of water application and
removal (using a scraper) are necessary for continued heat
loss at the skin surface. Controversy exists on the use of cold
water over the lumbar and gluteal muscles.10 One of the
authors (MAF) avoids cold water in this area with the experi-
ence that this practice can result in muscular cramping.
Isopropyl alcohol may be added to the cooling wash. The use
of ice water enemas has been advocated in severe situations.
Misting fans and sprayers are very useful when available.

The effectiveness of cooling procedures is easily monitored
by frequent measurement of rectal temperature. Once rectal
temperature falls below 40°C (103.5°F), cooling efforts can
be discontinued. As hyperthermic horses are dehydrated,
hydration status should be assessed and appropriate fluid
therapy provided.

The prognosis for recovery is good, but failure to resolve the
hyperthermia may lead to exhaustion, colic, heat stroke and
potentially death. There are two facets to the prevention of
excessive hyperthermia. First, the rider must be willing to
decrease racing speed when environmental conditions compro-
mise heat loss. Second, close attention must be paid to the mon-
itoring of body temperature and hydration state during rides.

Colic

Endurance horses often experience colic during or soon after
a ride. Although the etiology of these colic episodes is not
known, it is likely that dehydration and acid–base and elec-
trolyte abnormalities predispose to disturbances in gastroin-
testinal function, including ileus. Clinical signs are variable,
ranging from mild to severe abdominal pain. In the authors’
experience, failure to recognize and treat mild colic in
endurance horses can contribute to the development of more
serious conditions (anterior enteritis, impactions, strangula-
tion, or even death).

Initial clinical complaints may be mild and vague. For
example, a rider may state that the horse is ‘just not right’.
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During rest periods or even on the trail, the rider may 
report that the horse is unwilling to eat, or that it appears
colicky after eating. Painful episodes vary from mild to
uncontrollable. Greatly diminished or absent borborygmi are
a consistent finding. Mucous membranes are often dry
(dehydration) and may be congested. The horse’s energy level
will vary from slightly to severely depressed. Palpation per
rectum should be done with extreme care because the rectal
mucosa may be very dry and friable. In horses with ileus,
small intestinal distension may be detected. Laboratory
findings are non-specific, but may include evidence of
metabolic alkalosis (pH > 7.5), hypokalemia, hypocalcemia,
hypochloremia and hemoconcentration.

The therapeutic aims are to reduce pain and correct fluid
deficits and electrolyte imbalances. Butorphanol, detomedine
and xylazine are the first choice drugs for management of
pain. Low doses of flunixin meglumine can be used but only
after correction of dehydration. Intravenous fluids should be
given, with a minimum dose of 15 to 30 liters administered
over a 60 to 90 min period. Fluid therapy should be contin-
ued until the horse urinates and gut sounds return. In the
authors’ experience, as much as 80 liters of fluid can be
required for complete rehydration and restoration of normal
gastrointestinal function. It is advisable to leave a nasogastric
tube in the stomach during treatment because in some horses
small intestinal distension and gastric reflux develops during
the rehydration process. For this reason, close monitoring is
required if the oral route is used for fluid administration. If
oral fluids are given, they should be administered in small
amounts and frequently, e.g. 4 to 5 liters every 30 to 60
minutes. Some veterinarians also favor the use of intestinal
stimulants in horses with non-obstructive colic (see the
‘Medications’ section).

A key to preventing colic during and after endurance rides
is the early recognition of dehydration. Adequate electrolyte
administration during the ride, provision of palatable drink-
ing water, and modulation of the intensity of the ride based
on ambient conditions are essential. When diminished gut
sounds are first recognized, the horse should be rested and
given time to eat and drink. Thereafter, the horse may con-
tinue the ride at a slower speed.

Exertional rhabdomyolysis (tying up,
Monday morning disease)

Exertional rhabdomyolysis (ER) appears in two syndromes in
the endurance horse. The first and most common syndrome
is seen early in the ride, usually before the 20-mile point. The
second syndrome is observed later in the ride, usually after 50
miles. They both are treated similarly but may have different
predisposing factors.

The early-onset ER may occur within just a few miles of
the race start. Often the rider reports an abnormal behavior of
the horse, such as cantering but reluctance to trot, extreme
anxiety or just not moving out normally. Upon clinical exam-
ination, the horse may be reluctant to move or lame with a
shortened stride. Swollen gluteal or lumbar muscles are often

detected. On rare occasions, the horse may be recumbent and
unwilling to rise. Sometimes the first sign is simply an ele-
vated pulse in the vet gate.

Horses with the later onset ER seldom have swollen
muscles and may not be lame. The overall clinical picture is
one of exhaustion and a diagnosis of ER is often based on
recognition of myoglobinuria and/or elevated muscle enzyme
activities. Some affected horses will be persistently tachy-
cardic (usually above 60 beats/min), and it is often possible to
elicit muscle cramping or spasm when the lumbar or
hindlimb muscles are carefully palpated.

Measurement of serum muscle enzyme activities (creatine
kinase (CK) and aspartate aminotransferase (AST)) is key to
the diagnosis. In this regard, the advent of portable analyzers
has been useful in facilitating rapid diagnosis.11 Serum
electrolyte values are usually within normal limits.

Prompt and aggressive treatment is required in horses
with ER. In particular, horses with evidence of myoglobinuria
require i.v. fluid therapy to avoid development of pigment
nephropathy. Fluid delivery rates as high as 15–20 liters per
hour are recommended until the horse urinates. The rate of
administration should then be decreased to 5 to 10 liters per
hour and maintained at this rate until the urine is clear. Pain
may be controlled by use of butorphanol (0.01–0.02 mg/kg),
detomidine (5–10 �g/kg) or xylazine (0.2–0.5 mg/kg).
Flunixin meglumine must be used with caution as clinical
experience has indicated that even low doses (0.5 mg/kg)
have been associated with development of renal failure in
dehydrated endurance horses. Acepromazine (0.02 mg/kg)
for vasodilation can be used in conjunction with i.v. fluids. As
dysregulation of calcium flux in skeletal muscle is one pro-
posed mechanism for development of ER,12 the use of dantro-
lene sodium (6–10 mg/kg via nasogastric tube) has been
advocated in the treatment of clinical episodes. Massage and
heat treatment of the affected muscles can be effective. Hot
packs can be improvised by heating water, soaking a towel in
the hot water and then enclosing the towel within a plastic
bag. This approach will keep the horse’s hair dry, thereby pre-
venting chilling when the hot pack is removed. The horse
should be blanketed during treatment. The protocol is to
apply heat and massage for 30 minutes followed by 30
minutes of rest. Hot packing and massage are continued until
the muscle softens. Electrical stimulation of affected muscles
may also be effective for attainment of muscle relaxation.
Acupuncture is another treatment modality favored by some
clinicians. Transportation of the horse can exacerbate the
condition and should be delayed until the horse is stabilized.

With appropriate and aggressive treatment, the prognosis
for recovery is good. It is possible, but not recommended, to
have a horse compete successfully within a few weeks of a
very serious ER episode.

There are a number of theories relating to the patho-
physiology of ER.13,14 However, no specific etiology has been
identified for ER in endurance horses, although, anecdotally,
long-distance transportation has been identified as a predis-
posing factor. In addition, horses that develop ER during rides
often have had a 1–2 week period of lay-up just prior to a
competition. Preventive strategies in horses with a history of
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repeated episodes of ER include feeding higher-fat, lower-
starch diets, the elimination of grass pasture from the diet,
and the maintenance of a regular training schedule in the
weeks preceding the ride.14,15

Synchronous diaphragmatic flutter
(SDF, thumps)

Development of SDF is relatively common in endurance
horses16 and is indicative of underlying fluid, electrolyte and
acid–base disturbances (see Chapter 40). The incidence of
SDF increases in hot and humid conditions, when the horse is
ridden at speeds beyond its current level of conditioning, or
when the first 20 miles of the ride are run at a fast pace. All
of these factors promote large sweat fluid losses with atten-
dant dehydration, acid–base and electrolyte disturbances.
Riders often do not detect the SDF and require counseling
regarding the underlying cause and prevention of the
problem. Clinical signs of SDF can develop at various dis-
tances along the ride and are often noticed while evaluating
heart rate.

The striking clinical feature is contraction of the
diaphragm and flank that coincides with cardiac contraction.
As a result, respiratory and heart rates are similar. Even after
a mandatory hold when heart rate has returned to the release
criterion (e.g. 60 beats/min), respiratory rate remains ele-
vated. In severe cases the entire body appears to jump with
the diaphragmatic contraction. Heart rate may be elevated
and gut sounds are usually diminished or absent. Often the
horse appears dehydrated and tired.

There are no other conditions that mimic SDF. However,
the clinician must determine whether other conditions exist,
e.g. dehydration, overheating, ER. Dehydration is usually the
most significant additional factor. Results of a serum bio-
chemical analysis can reveal some or all of the following:
alkalosis, hypokalemia, hypocalcemia, hypochloremia, and
hyperproteinemia.17 Response to treatment with calcium is
considered proof of the diagnosis.

The cornerstone of treatment is the administration of
calcium-containing solutions. The horse should be withdrawn
from the ride. Even in the absence of serum biochemical
testing, it is reasonable to assume that horses with clinical signs
of SDF are dehydrated, hypocalcemic and alkalemic. One of the
authors (MAF) initially administers 125 ml of 23% calcium
borogluconate that is diluted in 1 liter of saline or other poly-
ionic fluid. The heart should be asculted during calcium
administration; the rate of fluid administration should be
slowed or discontinued if tachycardia or arrhythmias develop.
Further calcium should be given until resolution of thumping.
Large volume fluid replacement is usually indicated in horses
with SDF; additional calcium may be added to these fluids and
administered over the next few hours. If i.v. fluids and calcium
are not available, the horse should be allowed access to forage,
preferably leafy alfalfa, and encouraged to drink. Oral elec-
trolytes with calcium should be provided when possible. An
alternative approach to therapy is to administer 500 mL of
calcium borogluconate by mouth.

The prognosis for SDF recovery alone is excellent when
appropriate treatment is used. The underlying dehydration
must be corrected. Prevention strategies are aimed at mini-
mizing electrolyte imbalances during rides, specifically
decreases in ionized calcium. Therefore, appropriate supple-
mentation of oral electrolytes should be practiced during the
ride (see ‘Oral electrolytes’ section). At times it is necessary to
adjust the composition of the electrolytes to meet the needs of
individual horses. The effectiveness of the supplementation
strategy can be assessed by analysis of blood samples col-
lected under competition conditions. It is recommended to
reduce alfalfa intake prior to an event. Grass hay is preferred
but oat hay is suitable when grass hay is not available.

Laminitis

Laminitis is a possible sequel of any metabolic problem, but
may not be clinically apparent for several days after resolu-
tion of the metabolic crisis. Consequently, riders should be
advised to observe the horse closely for several days after
treatment of metabolic problems. Aggressive treatment of
the primary problem, including correction of fluid deficits, is
the most important preventive measure. It is beyond the
scope of this chapter to address the treatment of laminitis.

Lameness

Lameness is the most common reason for elimination from
competition. This section will briefly describe the lameness
problems most commonly encountered in endurance horses.
More in-depth description of these conditions can be found
elsewhere in this text.

Suspensory desmitis

This condition is the most common cause of lameness in endur-
ance horses. If not diagnosed early, it can lead to a long layoff or
to termination of a competitive career. Although common, sus-
pensory desmitis is often difficult to diagnose. For example, af-
fected horses can appear sound after a warm-up. Important
history includes recent competition in soft, sandy or muddy
terrain.

Palpation of the leg is important. The ligament may be of
normal size, shape, and texture; there seldom is visible swelling
of the ligament. However, it should be noted that many sound
endurance horses have enlarged suspensory ligaments that are
not inflamed, although there may be some degree of sensitivity
to palpation. In horses with clinical desmitis, it is usually possi-
ble to locate a point of sensitivity upon careful palpation. Pain
level can be slight to extreme. Confirmation of suspensory
desmitis requires a diagnostic workup that does not lend itself to
the field. Nerve blocks may be diagnostic but are not always con-
clusive. Ultrasound and radiographs are the most commonly
used tools. However, thermography is sometimes helpful.
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Therapy is aimed at relieving pain, eliminating pre-
disposing factors and rehabilitation. Anti-inflammatory
drugs, rest and corrective shoeing are the main components
of therapy. Phenylbutazone (2 to 4 mg/kg once daily) and
methylsulfomethamine (MSM; 15 ml per 450 kg) are com-
monly effective in the relief of pain. In acute cases (first 
12 hours), ice therapy is very useful (see ‘Tendinitis’ section,
below).

Leg and foot conformation of affected horses should be
evaluated to determine the need for corrective shoeing. Heel
support is essential and can be achieved by several shoeing
methods, including egg bar shoes, extended heels and the
wide web plastic shoes. When viewed from the side, the heel
of the shoe should be directly under some portion of the
cannon bone. The use of shoes that extend behind the heel
must be weighed against the tendency of the horse to pull off
shoes that protrude behind the heel. The length of the rest
period depends on the severity of the injury. Mild cases need
only a few weeks of rest, whereas a 12- to 18-month lay-up
may be required for a horse with substantial fiber tearing. The
results of an ultrasound examination will guide recommen-
dations for the duration of the rest period. Furthermore,
regular ultrasound examinations are useful to monitor recov-
ery. The horse can be slowly returned to regular exercise
when pain has subsided.

The prognosis for mild cases is usually excellent. On the other
hand, more severe cases are prone to recurrence and can result
in termination of the horse’s competitive career. Prevention is
aimed at minimizing conformational predisposition. It is impor-
tant to work closely with a knowledgeable farrier. Long toes and
low heels can predispose to suspensory injury and should be
avoided. Finally one must carefully evaluate the underfoot con-
ditions used for training in relation to those present at rides. If
the horse has only been conditioned in firm footing, a competi-
tive ride in sandy conditions will unduly stress the suspensory
ligaments. Accordingly, if the horse is going to compete in deep
sand, a conditioning program that includes training in similar
terrain should be designed.

Tendinitis (bowed tendon)

As with distal ligaments, tendons are at high risk for injury in
endurance horses. There also appears to be a higher pre-
valence of hindlimb tendinitis in endurance horses compared
with other disciplines. Most endurance horses can recover
from tendinitis and depending upon the severity, can resume
mild to moderate competition. However, such injuries can be
career limiting in the elite, 100-mile horse.

Muscle pain (myositis, muscle cramps,
stiff)

Horses with localized muscle pain may be acutely lame or
present with subtler gait abnormalities (e.g. stiff; ‘not moving
right’). The gluteal and lumbar muscles are most often
affected, followed by the gracilis muscle. Upon physical exam-
ination, hard and/or painful areas can often be found, but it

should be recognized that in many horses it is difficult to iden-
tify a source of pain. If laboratory testing is available, muscle
enzyme activities and serum electrolyte concentrations
should be evaluated. Myositis can elevate CK and AST dra-
matically, aiding in the differential diagnosis. Low calcium
and potassium may contribute to muscle problems, as might
low selenium.

As with true exertional rhabdomyolysis, therapy for
myositis includes the use of anti-inflammatory drugs and i.v.
or oral fluids. If these are muscle cramps and the rider intends
to remain in the ride, no medications may be used.
Acupressure, massage, heat and stretching may be tried in
these circumstances. After competition, butorphanol and
non-steroidal anti-inflammatory drugs (NSAIDs) are recom-
mended for analgesia. Electrical stimulation and acupunc-
ture may also aid in recovery.

The prognosis for simple muscle cramps is good. Muscle
cramping is often related to inadequate conditioning and
holding an abnormal posture while working. Therefore, the
level of conditioning should be tailored to meet the demands
of the trail. Hill work often helps to decrease cramping. 
The identification and treatment of underlying lameness
problems (e.g. sore back) may decrease the tendency for
compensatory posturing.

Sore feet (stone bruise, corns, sore
heels)

This lameness is usually recognized during a ride and may be
intermittent, acute, chronic, related to shoeing, related to trail
conditions or have no identifiable pattern. Standard diagnostic
and therapeutic procedures should be applied, but particular
attention should be paid to the hoof conformation and the need
for corrective shoeing. Frequently, the heels of the shoe are too
short and narrow. The heels should not be rolled in or crushed,
and the shoe must be wide enough to support the heel even
when the shoes have been in place for 5 or 6 weeks. Unbalanced
feet and thin or soft soles also predispose to bruising, the former
by promoting uneven loading pressures on the sole. Some vari-
ation of the egg bar shoe, wide web shoes or a combination of
these designs can be used for horses with stone bruises or sore
heels. Pads may be used, but it is preferred to have a correct shoe
without pads. For horses with soft or thin soles, it is advisable to
schedule shoeing appointments at least one week prior to a ride.
Many riders will use sole ‘tougheners’ that consist of a mixture
of tincture of iodine, acetone, alcohol and formaldehyde. If the
horse lives in a moist environment and will be riding on a rocky
trail, footpads should be applied. If the course is sandy, holes
should be cut in the pads to prevent the trapping of sand under
the pad.

Degenerative joint disease (DJD,
arthritis, dry joint)

The signs of DJD include a vague lameness that progresses
from lameness post-ride, to intermittent lameness during
rides, and finally to a consistent lameness. Progression may
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take more than a year. DJD is very common in endurance
horses, perhaps because these animals are subject to very
high concussive loads. The metacarpal-phalangeal joint is
the most often affected, but may include the distal inter-
phalangeal joint, and to a lesser extent, the distal tarsal-
metatarsal joint. The prognosis for athletic performance is
usually guarded to poor.

Therapeutic aims are to reduce inflammation, increase
joint fluid quality and preserve the remaining joint. Training
and competition workloads must be curtailed. Using hill and
interval training techniques will allow for a decrease in the
number of miles needed to condition a horse. Intra-articular
steroids have limited use in endurance due to the ‘no-drug’
philosophy and inexact withdrawal times of the medications.
However, glycosoaminoglycans and hyaluronic acid are com-
monly used in an attempt to improve the quality of joint fluid.
Oral supplementation with glucosamine, chondroitin sulfate,
and MSM is also widely practiced, although there are limited
data from controlled studies to support the effectiveness of
these supplements.

Interference

Interference injuries are common in endurance horses. The
most common site is on the caudo-medial side of the
metatarsal-phalangeal joints. Interference seems to occur
when the horse becomes tired or when it is on a technical
portion of the trail. Poor shoeing and conformation also con-
tribute to this problem. Acute interference is best treated with
ice, NSAIDs, and rest. Prevention is attempted through
careful evaluation of hoof balance and shoeing. Boots can be
applied to the leg but are not wholly protective in severe cases.

Trauma

Trauma is common in endurance riding. The terrain of the
course is the most significant factor in determining the type
and extent of injury. Horses are injured by events ranging
from running into sticks to falling off cliffs. The veterinarian
must be prepared to treat everything from a small cut to frac-
tures and should be prepared to treat a horse in a remote
area, many miles from a road.

Shoeing

Proper shoeing is essential to the endurance horse. Even a
small error in shoeing will result in lameness as the hoof
strikes the ground thousands of times. The most common
error is the use of under-sized shoes. This results in weak
support of the heels, and therefore the entire bony column of
the leg. The small shoe also allows the heels of the hoof to
expand over the shoe as the hoof grows, resulting in pressure
on the sole rather than the wall and the development of
bruising, pain and crushed heels. Hoof imbalance is also
quite common. Correction of shoeing problems requires clear
communication between the veterinarian, the owner and the

farrier. A very useful tool is video gait analysis on a high-
speed treadmill. This removes subjectivity and allows one to
experiment with a variety of shoeing techniques in a short
period of time.

Lameness of unknown source

During the ride, the principal role of the control veterinarian
is to prevent injury (or further injury) to the horse. The 
first role, then, is to decide whether the horse is sound or
lame, but it is beyond the expected duties to diagnose 
the source of pain. Rather, the team, advising or treatment
veterinarian should investigate the cause of lameness. On
many occasions the source of lameness will not be iden-
tified. If the horse recovers fully within two or three days 
it may not be necessary to establish a diagnosis, unless 
this is a recurring situation. In these situations, a very 
useful diagnostic tool is nuclear scintigraphy. Another
approach for dealing with these vague lameness prob-
lems is chiropractic evaluation and treatment. While many
veterinarians do not recognize the value of acupuncture 
and chiropractics, these modalities are used extensively in
endurance horses.

Miscellaneous problems

Gastric ulcers

Clinical experience has indicated that gastric ulcer disease is
common in endurance horses. Presenting clinical signs are
variable but include poor appetite, weight loss, recurrent
bouts of mild cold, behavioral changes after the administra-
tion of oral electrolytes, or simply a prolonged post-exercise
recovery time. Physical examination may reveal little other
than rough hair coat and thin body condition. A definitive
diagnosis is made by endoscopic examination of the stomach.
Standard anti-ulcer treatment (e.g. omeprazole) is usually
effective and the prognosis is good.

Tack injuries

The endurance horse has more opportunity for tack injuries
than most horses simply due to the time the tack is on the
animal. Injury commonly occurs at the girth, over the back,
at the corners of the mouth, rostral jaw and on the medial
aspect of the metacarpal- or metatarsal-phalangeal joints.
During a ride, the application of ice to these lesions is
beneficial. If not in competition, NSAIDs along with topical
cortisone are helpful. Insuring properly fitted tack is the key
to treatment and prevention. Some materials do not work for
certain horses and the rider must keep trying additional
designs and/or materials. Sheepskin and neoprene products
seem to work well. These materials still have to be kept
smooth, clean and free of plant material.
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The boots worn on the legs of horses can cause as many
problems as they are supposed to prevent. ‘Splint boots’ and
‘interference boots’ must fit properly and not slide while the
horse is working. In certain conditions the boots will trap
sand and cause abrasion. The heavy boots that enclose most
of the leg can trap heat and actually precipitate dermatitis. It
is the authors’ opinion that ‘sports medicine boots’ are inap-
propriate for endurance horses. Other types of protective
boots should only be worn during the part of the competition
where injury is likely, such as the last part of the ride or a par-
ticularly rocky section of the trail. There is no indication that
boots reduce concussion.18

Back pain

Back pain is very common in endurance horses and is proba-
bly responsible for many cases of poor performance and
‘sour’ attitude. However, back pain tends to be underdiag-
nosed and poorly treated. Back pain can present as lameness,
a reluctance to work, bucking/rearing, or more subtle
changes. A thorough physical examination of the back
begins with a soft touch using the palm of the hand and
gentle stroking from the withers to the pelvis. Next, the same
area is re-examined using fingertips and moderate pressure to
identify individual muscles. It is important not to apply heavy
pressure, as many normal horses will find this painful. Areas
of edema and open sores can be detected using this tech-
nique. Treatment of acute back pain should be aggressive.
Swollen or raw lesions should be iced. A topical solution of
dilute DMSO containing dexamethasone (0.2 mg/mL) should
be applied twice daily. Flunixin meglumine is the NSAID of
choice. To continue training the rider may need to modify a
saddle pad to prevent any pressure on the affected area (such
as cutting out a piece of the pad over the affected area). The
prognosis is generally good, but some horses can have recur-
rent problems and skill in acupuncture, chiropractic treat-
ment and saddle fitting is required to manage these cases
effectively.

Transportation-related
problems

Endurance competitions attract riders from long distances. It is
not unusual for horses to be transported hundreds of miles for a
‘local ride’. Championships will draw horses from thousands of
miles. It has become apparent that the athlete who travels 
long distances is at a disadvantage and is more predisposed to
metabolic problems. The typical history involves a horse that
competes without problems close to home but experiences
metabolic problems when competing at a venue some distance
from home base. This ‘problem distance’ is unique to each horse
but approximately 500 miles is common. The most common
problem in horses transported long distances to endurance rides
is exertional rhabdomyolysis, followed by colic.

In many cases, no abnormalities are detected at the pre-
ride examination. Some horses will be mildly dehydrated. If
the transportation was undertaken in very high tempera-
tures, dehydration can be more severe. Some horses will
develop a cough if conditions are dusty. There is also risk of
shipping fever (pleuropneumonia); horses with signs of
depression should be evaluated for pneumonia or infectious
respiratory disease. Results of serum biochemistry tests are
usually within normal limits in transported horses. Any ele-
vation in serum CK activity should be considered significant,
and the horse considered at high risk for development of
myositis.19

Experienced practitioners often think of a transported
horse as a horse that will tie up unless treated correctly. This
treatment focuses on rehydration and controlled exercise
aimed at restoration of normal muscle function. Rehydration
is accomplished through the administration of electrolyte
solutions (see Chapter 64) via nasogastric tube two to three
times daily until hydration is satisfactory. If CK activity is
increased, a controlled exercise protocol should also be initi-
ated. The exercise protocol begins with hand walking for 40 to
60 minutes two to three times a day for 3 days. On the fourth
day, begin riding the horse twice daily. Start with only a walk
and do not ‘collect’ the horse during these workouts. After the
horse is adequately warmed up (30 minutes), begin adding a
few trot steps. Trot for 10 seconds, walk for 3 minutes, trot for
20 seconds, walk for 3 minutes, trot for 30 seconds, walk for
3 minutes. Continue increasing the trot phase by small incre-
ments until the horse is trotting for 2 minutes. Walk to cool
out and then stretch the horse. Thoroughly educate the rider
about the very early signs of tying up. Exercise should be
stopped immediately if the horse has any reluctance to trot or
walk with a full stride. The horse can probably return to a
normal routine when it has reached 20 minutes of continu-
ous trotting. During this phase the horse must be carefully
monitored. Measurement of CK activity on a daily basis is
very important. Daily examinations and palpation of all back
and leg muscles should also be performed. Muscle massage is
also very useful.

Prognosis is good to excellent. Recurrence is likely in horses
that have experienced metabolic problems subsequent to
long-distance transportation unless a successful manage-
ment plan is designed. Some horses simply do not seem
capable of dealing with long-distance transport.

The cause of these conditions is speculative, although
dehydration and restriction of movement during transport
are suspected to be contributing factors. Most endurance
horses are not kept in stalls, but rather in large paddocks
where there is the opportunity for ample exercise. It is possi-
ble that when these horses are forced to stand in a small space
such as a horse trailer or box in an airplane, their muscles are
somehow compromised and prone to tying up.

Prevention requires planning and time. If the competitor
is serious about giving the horse the best chance for optimal
performance, careful planning of transportation is required.
If the horse is being transported privately in a truck or trailer,
the duration of transport should be not more than 10 hours
per day and rest stops should be taken every 4 hours. At rest
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stops, the horse must be taken out of the trailer and hand
walked for 30 minutes. If possible, the horse should be
allowed to graze. At one of the rest stops, it is recommended
to ride the horse for 30 to 60 minutes. The horse should be fed
only hay, with no grain or concentrate. The maintenance of
hydration is critical. This is accomplished through the admin-
istration of water (6 to 8 liters) via nasogastric tube two to
three times daily during transportation. If a veterinarian is
not available for this treatment, an alternative is to dose with
oral electrolytes twice daily and ensure free access to fresh
drinking water (see ‘Oral electrolytes’ section).

If the horse is transported in a commercial vehicle, there
must be adequate time to rest after the trip. Unless there is a
unique circumstance, the horse must not be ridden until it
has gone through the aforementioned exercise regimen. This
usually requires a minimum of a week before normal exercise
can be resumed. A long and strenuous trip requires two
weeks.

It is now common practice to administer anti-ulcer med-
ications prophylactically to horses traveling long distances.
Omeprazole is the medication of choice.

Nutrition

The complete nutritional needs of the endurance horse are
inadequately studied20 and are beyond the scope of this
chapter. A few basic ideas are presented here; further infor-
mation about the nutritional management of equine athletes
is presented elsewhere in this text.

Forage-based ration

Forage should be the foundation of the endurance horse’s
ration. If the horse has ‘happy guts’ it will perform much
better. The ideal forage is high-quality grass hay. When grass
hay is not available, oat hay is acceptable. The last and
poorest choice is legume or alfalfa hay. Horses fed primarily
alfalfa hay are more prone to metabolic problems, especially
synchronous diaphragmatic flutter.

Concentrates

Endurance horses require less grain than other equine ath-
letes. Many horses compete successfully when consuming
less than 3 kg (6 lb) of concentrate daily. Diets high in corn
seem to lead to metabolic problems. Vegetable oil and rice
bran are used for the horse that cannot maintain weight.

Supplements

A wide variety of supplements are available. The value of
many of these supplements is questionable given the lack of
data regarding safety and efficacy. Many horses are on multi-

ple supplements and the complete ration should be 
evaluated for excesses and imbalances, contraindications and
possible illegal substances. Some metabolic enhancers
contain caffeine.

Feeding during rides

The endurance horse must eat during a competition. The
ideal caloric intake during a ride is controversial, but if the
horse’s intestinal tract is not functioning normally, the horse
will not be able to complete. It is acceptable to let the horse eat
whatever it wants. ‘Smorgasbord’ is a good description of
offerings to the horse at a ride. Hay, the feedstuff usually
identified as the favorite, must always be present. Some riders
soak the hay in water. Grain and beet pulp can be offered sep-
arately or together as a slurry or mash. Apples, carrots and
other treats may also be offered. Electrolytes are not usually
mixed in with the food; instead they are administered after
the horse has eaten. Vegetable oils are believed to be of little
use during the ride.

Training

General considerations

Training of the endurance horse is an exercise in extreme
patience. It takes approximately 4 years to develop a fit,
160 km competitor. The horse will always feel like it can do
more than it should. It is up to the rider to prevent injury of
the horse. A thorough explanation of training is beyond the
scope of this chapter.

Regular health maintenance

Routine preventive health care of the endurance horse is
paramount. It is best to schedule dental work in the resting
season. In general, vaccination programs should be tailored
to the region but horses traveling internationally have special
vaccination requirements, the specifics of which will depend
on the destination country. It is important to bear in mind
that exposure to contagious pathogens is the rule rather than
the exception as all horses drink from common troughs
during competitions. Standard parasite prophylaxis should
also be practiced, including routine fecal egg examinations.

Medications

Oral electrolytes

Oral electrolyte supplementation is used extensively.21–25 The
basic premise is that the horse will lose far more electrolytes
via sweating during a competition than can be reasonably
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replaced by voluntary consumption. There is limited research
on the benefits of electrolyte supplementation in endurance
horses during competitions but clinical experience strongly
supports their use. Many supplements are available and the
clinician must evaluate them carefully. The electrolyte
mixture must replace what is lost in sweat and it must be
absorbable (see Chapter 40). The dosing of electrolytes is
more art than science. Weather and competitive factors are
the largest influences on the amount of electrolyte needed. In
general, the higher the heat and humidity and the harder the
horse has to work, in terms of both speed and terrain (sand or
mud footing; hilly course), the more electrolytes the horse
needs. The general guidelines to use in planning an elec-
trolyte supplementation protocol are: (1) electrolytes have
optimal benefit prior to dehydration and electrolyte depletion;
(2) the composition of supplements should be matched to
losses; and (3) a functional intestinal tract is an absolute
requirement for absorption and the administration of oral
electrolytes is contraindicated in horses with ileus. Oral elec-
trolytes are poorly effective once the horse is clinically dehy-
drated. A commonly used protocol is to give a dose of
electrolytes the night before the ride, a second dose the
morning of the ride prior to the start, and then a dose at every
veterinary check. With experience, this regimen is either
increased or decreased.

Analgesics

Pain relief is important in treating problems. Butorphanol is
commonly used for many applications, especially ER and
colic. Detomodine and xylazine are used for colic.

Non-steroidal anti-inflammatory drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) are a very
popular and effective class of medication. However, care must
be taken when administering these drugs to endurance horses
during competitions because of the potential for nephrotoxic-
ity. Flunixin meglumine is the most popular NSAID and is used
at 0.4 to 1.0 mg/kg for abdominal pain. Clinical experience has
indicated that even the low dose can be nephrotoxic in some
severely dehydrated horses. Phenylbutazone is commonly used
for musculoskeletal pain. A dose of 2 mg/kg is given initially
and only after the horse is known to be eating and drinking
well. The dose may be increased to 4 mg/kg after return to
normal hydration. Ketoprofen is used for abdominal and mus-
cular pain at a dosage of 0.5–1 mg/kg. If any NSAIDs are used,
adequate hydration must be assured.

Corticosteroids

Dexamethasone is rarely used in endurance horses. Experi-
ence has suggested an association between the use of dexam-
ethasone and the development of laminitis in exhausted and
dehydrated horses. Prednisolone sodium succinate
(Soludeltacortef) has been used safely. Triamcinolone and

methylprednisolone acetate (Depo-Medrol) are used in treat-
ing joint pathologies. The clinician must always consider
withdrawal times as the rules of endurance riding prohibit
the presence of any drug at the time of competition.

Intravenous fluids

Intravenous fluids are the most important medication for
endurance horses. Rehydration with i.v. fluids is frequently
the only treatment required for many medical problems.
During competition, as much as 10 to 15 liters of fluid is lost
per hour of exercise. In dehydrated horses, fluids should be
administered until the horse urinates. This usually occurs
after 15 to 20 liters of fluid has been administered. Once the
horse urinates, the horse’s clinical signs should dictate the
rate and quantity of fluid administration. If all parameters
are acceptable, the authors recommend the administration of
50% more fluid than it took to produce urination. Otherwise,
continue fluids until clinical signs are resolved. Rate of flow is
usually limited by the catheter size or fluid administration set.
Many horses need infusion rates of 20 liters per hour. In 
our experience, over-hydration does not occur, rather the
tendency is to be too conservative with fluid treatment.

To achieve an adequate fluid rate, a large bore catheter is
needed (10- or 12-gauge catheters are recommended). If
14-gauge catheters are used, then it may be necessary to
insert catheters into both jugular veins. Sutures or use of skin
glue should anchor catheters. Thrombosis is a potential com-
plication. Fluid delivery systems are very useful. One should
take a pole to serve as an i.v. stand. Several models of extend-
able poles are available commercially, but one can always be
inventive when in the field.

It is generally assumed that the dehydrated endurance
horse is hypokalemic, hypochloremic, hyponatremic, hypo-
calcemic, hypomagnesemic and alkalotic. Accordingly, the
i.v. fluid of choice is Ringer’s solution. The next choice is nor-
mal saline (0.9%) supplemented with potassium (20 meq/L)
and calcium. Multisol and Normasol are often used. Al-
though these fluids contain alkalinizing agents (acetate and
gluconate), they are still very useful. The last choice is lac-
tated Ringer’s solution. Again, although this fluid is alkal-
inizing it is suitable in situations where no other fluid types
are available and i.v. fluid therapy is required.

Intravenous fluid additives

The working endurance horse develops abnormalities not
adequately corrected by commercial preparations. Com-
monly used additives are listed below.

● Potassium is usually added as KCl solution. Normally
20 meq/L is added to appropriate i.v. fluids.

● Dextrose: Blood glucose can be supported by giving 50 to
100 g of dextrose per hour. A 5% dextrose solution is
made by adding 100 mL of 50% dextrose per liter of fluid.

● Calcium: It is usually supplemented as a diluted 
bovine milk fever solution. The authors add 125 ml of
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NorCalciphos to a bag of fluid and administer this solution
to effect. Heart rate and respiration are monitored during
treatment.

● Sodium bicarbonate. This is contraindicated in endurance
horses since they are normally alkalotic when they are in
metabolic distress.

Intestinal stimulants

Ileus is a common problem during competition rides. Intra-
venous fluids should be the first medication used in an
attempt to restore intestinal motility. If i.v. fluids are not
effective and the clinician has ruled out intestinal displace-
ment or severe impaction, further medications may be used.
One of the authors has used: prostaglandin F2� (Lutalyse) at
10 mg i.m. for small and large intestinal ileus, and erythro-
mycin lactobinate (200 mg/mL) at 100 mg i.v. for treatment
of small intestinal ileus.

Use of oral laxatives is contraindicated until dehydration
has been corrected. Saline cathartics (Magnalax) and dioctyl
sodium succinate (DSS) are useful to break up impactions.
Mineral oil is very widely used but has minimal effect in soft-
ening impactions.

Diuretics and miscellaneous
medications

Intravenous fluids are the most effective diuretic and should
be used before any other diuretic is considered. Furosemide
(frusemide) depletes potassium and adequate hydration must
be assured prior to its use.

Dopamine is most often used to treat myositis, but its use is
controversial. Dopamine is used only after 20 L of i.v. fluids
have been administered and no urine has been produced.
Intravenous fluids must be continued while dopamine is
administered. Dopamine should be given through a separate
i.v. catheter to allow for a slow drip. The dose is 2 to 5 �g/kg
per minute. One of the authors adds 120 mg of dopamine to
1 liter of saline and infuses 2 to 4 mL per minute to effect.
Once urination occurs, the infusion is discontinued.

DMSO may be given either i.v. or orally. The i.v. dose is 100
to 250 mL as a 10% solution. Oral DMSO is given through a
nasogastric tube. A maximum of 1 pint of DMSO can be given
as a 10% to 20% solution.

Dantrolene is used in the treatment of acute myositis. It can
be given orally and i.v. The oral dose is 3 to 5 g per horse. 
No dose is found in the literature for i.v. usage but one of
the authors (MAF) feels there is benefit from as little as
500 mg.

Acepromazine is a potent vasodilator and useful in acute
myositis. The horse must be adequately hydrated before 
acepromazine is given. The dose is 10 mg every 6 to 
12 hours.

Methocarbamol is occasionally used for myositis. Its effec-
tiveness is questionable, although its sedative action may
offer some benefit.
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Polo ponies represent a unique subset of the sporting horse
population. The nature of the game of polo and the standard
management and training procedures associated with it pre
dispose this group of horses to a variety of disease conditions.

History

The sport of polo can be traced back to the Persian court of
King Darius, who reigned during the fourth century Be. From
there polo spread eastward to China, Japan, Mongolia, and
Tibet. The name 'polo' actually comes from the Tibetan word
'pulu', meaning root, from which the wooden ball was made.
The sport was first played in the UK in 1860 by returning
British army officers who had seen it played in India. In 1875
the English Polo Association was established. The British went
on to introduce the sport to the East Coast of the USAin 1876.
The United States Polo Association was formed in 1890.1 Today
there are over 2000 playing members in the British Polo
Association, officiallycalled the Hurlingham Polo Association.'
There are more than 3000 playing members in the United
States Polo Association. Polo is now played around the world in
over 30 countries' including countries from South America,
where Argentina has produced some of the most accomplished
players. In the USA polo is a recognized National Collegiate
Athletic Association sport, with both men's and women's
teams from universities such as Cornell, University of

Connecticut, University of Virginia, and University of Colorado
competing, with each season culminating in National Finals.

The game

Polo is played either 'indoors' or 'outdoors', with many horses
playing indoor polo in the winter months and outdoor polo
during the summer months. Outdoor polo is played on a
10-acre grass pitch measuring 300 yards in length and
160 yards in width. There are four members on each team,
and a game consists of six chukkas each lasting 7 minutes.
Indoor polo is played in a high-walled, dirt-floor arena, meas
uring 300 feet in length and 150 feet in width. An indoor
polo team comprises only three members per team and a
game consists of only four chukkas. Each polo pony com
monly plays only one or possibly two alternating chukkas in
a given game. An average outdoor player must therefore have
a minimum of three, but more commonly six or seven ponies
to play in a game (A Flint, personal communication, 2000).

Because of the smaller playing area, indoor polo tends to
demand more turning, bumping, and physical contact than
its outdoor equivalent. Outdoor ponies, due to the size of the
field they must cover, often have greater flat speed and
endurance. The different demands of outdoor and indoor
polo not only often cause different types of horses to be used
but also determine the types of injuries that may occur (TN
Christian, personal communication, 2000).

General strategy and positions

The object of both the indoor and outdoor polo game is to be
the team that scores the most goals at the end of the game.
The ball is hit forward, backward and diagonally off both
sides of the polo pony. There are eight basic shots that the
player hits with a mallet which ranges from 48 to 52 inches
in length depending on the size of his or her mount. The rules
of polo are lengthy and can be confusing even for seasoned
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players, but the majority are aimed at ensuring the safety of
horse and rider. Many of the rules are based around the 'line
of the ball' to ensure a right- of-way system. When a polo ball
is hit there is an imaginary line that extends in front and to
the back of that ball dictated by the ball's trajectory. If a
player crosses that line, and in so doing, impedes the action of
an opposing player, the player is deemed guilty, by an umpire,
of crossing 'the line' and a foul is then given.1

The most basic strategy of polo is to keep one player in
front of the ball (offensive), one or two players in the action in
the center of play, and one player behind the ball (defensive).
The players play positions in a game, numbered 1 to 4 in an
outdoor game and 1 to 3 in an indoor/arena game. The
number 1 player indoors, and the 1 and 2 outdoors, are the
most offensive and 'optimistic'. These players try to keep
themselves ahead of the ball, ready to take a forward pass and
score. The number 2 indoors and the number 3 outdoors is
often the most skilled, and aggressive of the team. These
players are also often the best mounted. This is the pivot posi
tion in which the player should have his nose in every play
and be the one who must 'make things happen'. The number
3 indoors and the number 4 outdoors is the most defensive,
'pessimistic' player or 'the back'. They are responsible for ini
tiating defensive maneuvers, closing the back door, and pre
venting the opposing number 1 from scoring (DE Eldredge,
personal communication, 2000).
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Rating

A handicap system is used in the sport of polo to try to ensure
evenly matched games. Beginning players have low ratings or
'goals'. Starting at -2 goals, ratings increase to the ultimate
rating of 10 goals. Professional polo players are usually rated
7 to 10 goals and are often paid by patrons who are lower
rated. The remaining members of the team may be made up
of medium rated players who are usually other patrons,
lower-rated professionals, or young up-and-coming players.
The mount of a 'high goaler' is expected to run faster, turn
quicker, and be involved in more plays than its lower goal
counterpart. Whilst the lower goal mount's job may seem
easier its rider is often not as experienced. This mount may be
asked to turn before being properly set up, or for a burst of
speed at the end of a long chukka. Thus the polo ponies' job,
and the injuries they are exposed to may also vary depending
on the rating of the player (A Snow, personal communica
tion, 2000).

Demographics

The United States Polo Association defines a polo pony as 1\
horse or pony of any breed or size';' The job of the polo pony
does, however, tend to dictate the size, breed or 'type' of
horse. The polo mount must be fast enough to outrun com
petitors, sturdy enough to bump another horse off a play and
survive the rigors of a 7-minute chukka. They must also be
able to accelerate quickly, then stop, turn on their haunches,

Fig. 53.1
Polo game at the British Universities Championships
demonstrating the close contact characteristic of the game.

and accelerate again. Finally, it must be sufficiently stable
during galloping to allow the rider to hit a ball accurately.
Depending on the particular flow of the game a chukka may
be mostly galloping, or it may be filledwith many stops in the
action. Even low-goal (non-elite) polo has been shown to
put moderate to high stress on the cardiovascular system. 3

Compared with racing Standardbreds or Thoroughbreds polo
ponies have high blood lactate concentrations.t Because of
these requirements, many polo ponies are Thoroughbred or
Thoroughbred crosses. The Argentine Thoroughbred is
stockier and somewhat shorter than its British and American
counterparts and is particularly suited to the game. Many of
these horses are transported worldwide and make up the
majority of mounts in a high-goal game. American and
British Thoroughbreds that may have been destined for the
track are often successful on the polo field. In the USA the
larger and longer American Thoroughbred may be crossed
with the Quarter Horse to improve its turning and sprinting
ability. Although originally there was a height limit for polo
ponies of 12 hands this was abolished in 1919 and now 'polo
ponies' are usually horses averaging 15.1 to 15.3 hands in
height. Mares and geldings both play polo, whereas stallions
are excluded due to their temperament and the close
quartered nature of the game (Fig. 53.1). Mares tend to be
over-represented in the sport of polo and are thought to
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be 'tougher' and have 'more heart' than their male counter
parts aHorsewell, personal communication, 2000).

Polo ponies are usually broken between the ages of 2 and
3, and then first played in slow or 'green' chukkas at the age
of 4. Polo, like any equine discipline, takes time, experience,
and training to develop a good mount, and the polo pony will
be in its prime between the ages of 6 and 8. Often a 'high goal'
pony will be 'retired' to a lower goal young player or a patron,
and it is certainly common to have ponies playing well into
their teenage years. These seasoned campaigners can be a
challenge to the polo veterinarian as they more often have
chronic or arthritic conditions that require management to
prolong their playing career.

Polo is a game of physical contact, quick stops, turns, and
rapid acceleration. Players of different experience and skill
levels play it. The majority of injuries and unsoundnesses are
related to these factors.

Traumatic injuries

While every precaution is taken to ensure the safety of the
polo pony, traumatic injuries during the game do occur. The
pony may be hit in the legs, body or head by a mallet or a
speeding ball. Overreach injuries to the heel bulbs are also
common in the galloping polo mount. Often cold therapy
(icing, hosing), administration of non-steroidal anti
inflammatory drugs (NSAIDs) and rest are all that is required
but more serious injuries such as fractures can occasionally
occur. Proper leg protection is essential in polo and is required
for play by both American and British polo associations. 1,2

Protection can be in the standard form of 'polo wraps', but
neoprene and other synthetic leg protection are now also
commonly used. These are thought to offer greater protection
and support. Bell boots offer not only protection at the heel
bulbs from an overreach, but also for the rest of the sensitive
coronary band which may be inadvertently stepped on by
another player's mount.

Due to the close contact inherent in the sport, a certain
amount of muscle soreness and bruising occurs. These
injuries can usually be treated with NSAIDs, massage and rest.
Proper conditioning will limit the severity of these injuries.

Conditions of tendons
and ligaments

Tendon and ligament injuries are common in polo ponies.
Their treatment and management may depend on the value
of the horse, the point in the season that the injury occurs,
and the availability of alternative mounts for the player. For
example, a player may be more inclined to rest a tendon for 6
months if it is late in the season and he has enough other
ponies to mount him in the remainder of his games.

Proximal sesamoidian ligament injury is the most
common injury amongst hard-playing ponies. The constant
wear and tear caused by quick turns and stops affects the
superficial, middle and lateral collateral sesamoidian liga
ments. The damaged ligament is replaced by fibrous tissue
and eventually the pony develops thickened fetlocks. This is
a chronic injury and many affected horses are nursed
through the polo season by icings after chukkas, good wrap
ping and the judicious use of antl-lnflammatories.
Eventually, these horses may have to be 'retired' down to
lower goal polo."

Suspensory ligament injury occurs regularly in the polo
pony. The area usually affected is the distal body and the
sesamoidian branches. Although acute injuries do occur, it is
more likely that the polo pony will be suffering from a chronic
desmitis. Veterinarians are often asked to see these injuries in
the early season when fitness level may not be up to standard,
and again late in the season as a result of constant pounding
on hard ground.S"

The proximal superficial digital flexor tendon is the com
monest site of tendon injury in polo ponies and many horses
will successfully play with a chronic 'bow'. Some retired
Thoroughbred ponies, bought off the track, may have been
retired due to an injury in this area. They may well, therefore,
have a weakness at this point. Injuries to the palmar aspect of
the proximal metacarpal also include problems with the infe
rior check ligament, specifically at its insertion to the deep
digital flexor tendon. Sliding stops and spins add to the strain
created in this region of the cannon bone."

Treatment for any of these acutely occurring injuries
demands rest, administration of NSAIDs and cold therapy.
Repeated diagnostic ultrasounds are of utmost importance
both to determine the size of the lesion and to track the
healing process, thus determining when the pony is ready to
play again."

Many of the injuries seen in polo ponies are chronic
lesions caused by the constant rigors of the game. These
injuries tend to be managed rather than treated or cured, and
can be challenging to the polo veterinarian. Chronic injuries
are managed with NSAIDs, chondroprotectives such as
hyaluronic acid and polysulfated glycosaminoglycans, along
with judicious use of the horse." Good nursing care by expe
rienced grooms including icing, sweating and wrapping is
invaluable, and allows many of these horses to continue
playing season after season.

The most commonly used NSAID in the playing polo
pony is phenylbutazone. There is no rule to limit the
amount of phenylbutazone a polo pony can be given before
or even during a game, but there is a general belief among
polo players that one cannot play good polo on a horse that
has received a large amount of phenylbutazone. Such a
horse is said to 'lose' its mouth, becoming less sensitive to
the bit, and therefore much less likely to perform the
necessary quick turns and stops. This causes the use of
phenylbutazone to be self-limiting and therefore the need
for tight regulation on its use as in other equestrian sports
is not required at this time (TN Christian, personal commu
nication 2000).
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Arthritic conditions

Navicular syndrome or caudal heel syndrome can affect all
breeds and ages of ponies. but is often seen in older polo
ponies. particularly those that are part Quarter Horse. Short
stops on hard ground can cause this region of the foot to
become chronically sore. especially in those horses who stop
'improperly' on their front ends. rather than stopping and
turning with the majority of their weight on their hind ends.
Improper shoeing and trimming. leading to a long toe and
low heel, may predispose or exacerbate this condition.

Conservative therapy often allows many of these horses to
continue their career for many years. This includes proper
shoeing utilizing wide webbedor bar shoes. glucosamine sup
plementation. oral isoxsuprine and hyaluronic acid and
steroid injections to the coffinjoint.7

Quick turns and stops. on hard ground with little give, pre
dispose polo ponies to hock arthritis. Usually the intertarsal
and tarsometatarsal joints are affected. Often the first sign of
this in polo ponies is the reluctance to pick up a given lead.
These horses will be significantly positive on flexion tests.
Glucosamine supplementation. NSAIDs and joint injections
with a combination of hyaluronic acid and corticosteroid all
often aid in managing these ponies.7

Exertional rhabdomyolysis

Polo ponies may be predisposed to conditions caused by
overexertion. The physical demands. combined with playing
in weather extremes puts the polo pony under considerable
stress. This is compounded by long distance traveling to dif
ferent games each weekend and the nervous and excitable
temperament. which is common in the polo pony.Proper con
ditioning is vital. though early season games and lay-ups
from injury may cause a pony to be inadvertently played
harder than appropriate for its fitness level. It is easy.
however. and essential to some degree. for players to forget
about the horse they are riding and concentrate on the game
at hand. This can result in a horse playing harder than the
pony's fitness levelshould dictate.

Exertional rhabdomyolysis (ER), often called 'tying up', is
common in polo ponies. It is reported to occur more fre
quently in this group of horses than in any other competition
horses. The incidence rate is approximately 7% per year.8

Unlike reports from studies in Thoroughbreds. management
factors. age and sex appear to play little role as risk factors.
However. predisposing factors in polo ponies have been
shown to include excitable temperaments. playing early in
the season or exercising harder than they are accustomed.
In addition a hard chukka or one early in the season are
also common risk factors for an episode of ER. 8 Polo'ponies
have not been reported to suffer from glycogen storage
myopathies? and are presumed to suffer from ER due to
overexertion." Initial treatment relies on pain relief. and fluid

replacement if needed.l? Serum activities of creatinine
kinase and aspartate aminotransferase should be measured
at the initial onset, and measured again before returning
to work.l l - 13 ER is a significant cause of wastage in polo
pontes." In Thoroughbreds a heritable recurrent form of ER
has been shown to exist. Therefore prevention is an area of
management that needs to be addressed. This involves elimi
nating any known underlying cause.

Routine care

It is important not to overlookthe value of routine veterinary
care of the polo pony. Playing polo horses travel frequently
from game to game, mix with many other horses, and are
under considerable stress. A program of regular vaccinations
and deworming are therefore of the utmost importance.

Regular dental care is also essential in the polopony.Sharp
hooks and points can interfere with the bit and make the
horse generally uncomfortable in his mouth. A goodmouth is
one of the most important attributes in a polo pony; therefore
dental checks at 6- to 12-month intervals are recommended.

Conclusion

The polo veterinarian faces unique challenges due to the
rigors that polo ponies are exposed to, combined with the
expected longevity of their careers. Chronic conditions must
be managed and acute conditions must be acted upon
promptly.There is a large and growing interest in the sport of
polo throughout the world and it is becoming increasingly
necessary for the equine veterinarian to become familiar with
unsoundnesses or conditions that affect this large body of
competition horses.
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Paint horses in addition to cutting and reining competitions
has dramatically increased in the last 10 years in Europe and
Australia (Table 54.1). The growth in European countries has
mostly been in Germany, Italy and France.

Common disease problems

Despite the variety of athletic events in which these horses
compete, there are some similar traits in conformation, train-
ing and use that lead to universal problems. As with all
horses, there are a myriad of problems and diseases that may
develop. However, the purpose of this discussion is to become
familiar with the most common problems inherent with these
particular athletes.

Hyperkalemic periodic paralysis
(HYPP)

Occasionally seen in rodeo and barrel racing horses, HYPP is
primarily a condition of Quarter Horses and Paint horses
used in the breed shows. This is a genetic condition that orig-
inated from a single Quarter Horse stallion. When the genetic
trait was discovered and a diagnostic test developed, it was
thought that this would lead to elimination of this disease by
selective breeding. On the contrary, halter and Western plea-
sure judges often prefer the body type and muscling of horses
with this gene and HYPP has become a selected trait for

Introduction

The disciplines of the Western performance horse are varied
and include rodeo and barrel racing, breed shows, cutting
and reining, and Western pleasure. The majority of these
horses are American Quarter Horses but there are also Paint
and Appaloosa horses involved in these competitions. Despite
the variety of breeds and athletic competitions, there are
several common maladies that generally affect this popula-
tion of horses.

Universally, there is tremendous growth of Western per-
formance competitions in both number of competitions and
the purse money at these events. Subsequently, selective
breeding programs have been utilized to produce a compet-
itive athlete and training programs begin earlier and are
more intensified to enhance the odds of success in the com-
petitive arena. These approaches have increased the value
of these horses but have also increased the incidence and
severity of disease problems with which the veterinarian
must be familiar.

Demographics

The rising popularity of Western performance horses has led to
a growth of competitions and demand for these horses within
the USA and Canada as well as Europe, New Zealand and
Australia. Rodeos have historically been in the USA, Canada
and Australia and continue to be confined to these areas.
However, the number of breed shows for Quarter Horses and
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Location 2001 Horse 2001 New horse % Growth
population registrations

USA 2 749 784 132 619 4.8
Canada 214 134 13 181 6.2
International 81 133 5120 6.3

Table 54.1 American Quarter Horse registry statistics for 2001



horses in Western show disciplines. The genetic test can
determine if the horse is homozygous positive (HH), hetero-
zygous (NH) or homozygous negative (NN). The HH horses
tend to have a higher incidence and severity of clinical signs
of HYPP and are not the preferred breeding for most owners.
Breeders often select for the heterozygous animals, as they
tend to maintain the body type desired with a decreased inci-
dence of HYPP episodes. Horses with any breeding predis-
posed to the condition should be tested to determine if they
carry the gene for HYPP.

Hyperkalemic periodic paralysis is a disorder that affects
the normal ion movement across cellular membranes and
thus muscular function. The clinical signs can vary from
episodic minimal muscular fasciculations to acute death from
cardiac dysfunction or laryngeal spasm. Clinical episodes are
often more pronounced in young horses; episodes may
decrease in incidence and severity as the horse ages. The most
common signs observed are muscle fasciculations in the
shoulder and flank regions and prolapse of the third eyelid.
Episodes usually last 15 to 60 minutes and may or may not
increase in severity during an episode or with subsequent
episodes.

Therapy for HYPP is divided into treatment of current
episodes and prevention from further episodes. During epi-
sodes, there is an increase of potassium released from cells
and treatment is directed at driving potassium intracellularly.
Medications used to promote this movement of potassium
include intravenous dextrose, sodium bicarbonate, calcium
gluconate, and insulin. Prevention of HYPP clinical signs is
directed at decreasing dietary potassium intake (i.e. reduction
or elimination of alfalfa and brome hay) and daily adminis-
tration of diuretics that increase the renal excretion of potas-
sium (i.e. acetazolamide).

The prognosis for heterozygous (NH) HYPP horses is
generally favorable with the majority of horses manageable
throughout their performance careers. The HH horses and
horses that exhibit more severe clinical signs are more
difficult to manage and have a poorer prognosis.

Musculoskeletal diseases

Lameness is by far the most common reason for Western
performance horses to suffer a reduction in performance, or
an end to their athletic career. Cutting and reining horses
are primarily Quarter Horses and Paint horses. These
horses are bred with an emphasis on small stature (14 to 15
hands), agility, and the mental capacity to perform under
pressure. During their individual events, these horses have
to be under complete control while performing quick stops
and high torque turns (Fig. 54.1). Additionally, most of
these horses begin training as late yearlings and early 2-
year-olds with the goal of competing in futurity competi-
tions in the fall and winter as 3-year-olds. The small stature,
agility and athletic use of these horses predispose to certain
stresses and injuries.

Rodeo and barrel racing horses generally have longer
careers and therefore start training at a slightly older age.

There is a wide variation in size and conformation for these
horses, but the repetitive high-speed turns and hard stops
over time make these horses prone to injuries and chronic
wear and tear maladies.

The horses used for breed show halter conformation
classes have a very different body type than most of the other
horses used in Western performance events. Judges are select-
ing for large heavily muscled horses that have relatively
refined lower limb bone structure. These horses are shown in
halter classes initially as weanlings and rarely past 3 years of
age. Because of the need for rapid growth and size, these foals
are often exposed to excessive or imbalanced nutritional pro-
grams and are predisposed to metabolic bone disease abnor-
malities. These horses also tend to have small feet that, when
combined with a large, heavy frame, predispose to distal limb
problems.

Western pleasure horses also have a wider variation in size
and conformation than halter horses. Western pleasure
horses usually begin training as late yearlings or early 
2-year-olds. Currently, the preference for owners and trainers
is a large horse but without the heavy body style of the halter
horse. Conformationally, these horses must be able to move
‘flat kneed’ and level, which requires hock flexion and
hindlimb advancement at a slow jog to enable the hind end to
support the front end. The slower gaits also cause significant
front feet concussion.

A thorough and systematic lameness examination is nec-
essary to localize the source of lameness. Examination of the
horse in a proper setting with both hard and soft footing is
helpful to a consistent examination. Occasionally, examining
the horse when ridden is beneficial. Perineural and intra-
articular anesthetic blocks are necessary to accurately locate
the origin of the lameness. Once localized, further diagnostics
are performed to identify the etiology and severity of the
disease process. Proper radiographs utilizing good tech-
nique and the appropriate views are required. If soft tissue

1124
Veterinary management of the performance horse

Fig. 54.1
Cutting and reining horses have to perform quick stops and
high torque turns.



injury is suspected, then an ultrasound examination should
be performed and the contralateral limb should also be 
examined for comparison. Other diagnostic modalities that
may be useful include nuclear scintigraphy, computer-
ized tomography (CT) and magnetic resonance imaging
(MRI).

Forelimb lameness

Western performance horses can have many different
causes of forelimb lameness but several are more common.
Forelimb lameness can be grouped into two different types –
concussive and fatigue. To be competitive in today’s horse
industry, breeding programs have selected for agile athletes
with the body style desired, but many of the horses are also
being bred with small feet. When this is combined with
beginning work at an early age, foot problems often develop.
Fatigue plays a role especially in the cutting and reining
horses. These horses have to be calm and completely in
control when performing and are often exercised for
extended periods of time prior to competing to achieve this
effect. Thus, these horses are often tired while competing,
which predisposes to fatigue injury.

Laminitis

Inflammation of the lamina within the front feet is more
common in the halter horses than in the other Western dis-
ciplines. As mentioned earlier, the judges select for horses
that are extremely large and heavily muscled but with rela-
tively small distal limb bone structure and feet. Therefore,
there is a tremendous amount of concussive pressure on the
front feet reflected through the lamina. Additionally, these
horses are also frequently being fed a high concentrate ration
to maintain their size. The severity of laminitis is variable and
both rotation and distal displacement (sinking) of the third
phalanx can occur.

Diagnosis is usually relatively easy as there is often the
characteristic laminitic gait, increased digital pulses, reluc-
tance to move and/or pick up the feet, and pain over the toe
of the foot with hoof tester examination. Palpation of the
proximal dorsal coronary band should always be performed
to assess for an indentation characteristic of distal displace-
ment of the third phalanx. Radiographs are taken to assess
the degree of rotation, presence of gas lines, thickness 
of the sole, or osseous abnormalities of the third phalanx
(Fig. 54.2).

Treatment of laminitis should be aggressive and consists 
of anti-inflammatory medications, medications to help pro-
mote blood flow to the foot, and support of the foot. Anti-
inflammatory medications include phenylbutazone,
flunixin meglumine and intravenous DMSO. Medications
proposed to enhance blood flow to the foot include acepro-
mazine, isoxsuprine hydrochloride and aspirin. Other med-
ications have also been suggested but clinical evidence is
lacking. If the horse developed laminitis while shod, the

shoes should be removed. The foot is trimmed if the toe is
long and support of the foot is usually initiated with thick
Styrofoam padding. The horse should not be reshod until
there is stabilization in the clinical signs and the horse is
responding to therapy.

Many of the halter horses have excessive body condition
when laminitis develops. Therefore, it is recommended that
the horse lose weight to decrease force through the front
feet and consume a diet with low soluble carbohydrate (i.e.
starch and sugar) content. The owner or trainer often
refutes these recommendations and compliance can be
difficult.

The prognosis is dependent on response to therapy. The
less severe the rotation and the faster and more complete
the therapeutic response, the better the prognosis. Distal
displacement of the third phalanx has a worse prognosis
than rotation in most situations. Recurrent laminitis is not
uncommon in show horses, perhaps because of the 
perceived need to feed high grain diets to maintain show
condition.

Palmar heel pain/navicular syndrome

The most common source of lameness in the forelimb of
Western performance horses is the heel region. The smaller
feet of these horses as well as the early training and sustained
use of the horses produces excessive concussion in the foot.
Clinically these horses exhibit lameness in one or both of
their forelimbs. Pain across the central one-third of the frog
may be present on hoof tester examination and these horses
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Fig. 54.2
Lateral radiograph of a laminitic horse.



will have a tendency to land toe first instead of heel first. The
lameness is alleviated with analgesia of the palmar digital
nerves. Analgesia of the distal interphalangeal joint is often
useful in further localizing the lameness. However, recently 
it has been suggested that the specificity of this block is 
questionable and can desensitize the sole when large volumes
of anesthetic are used.1

Once the lameness has been localized, foot radiographs are
made. It is imperative to take a complete series of good detail
radiographs. Outside of the USA it is still common for a foot
radiograph series to lack a flexor skyline view that may be the
most important view to assess the navicular bone (Fig. 54.3).
The radiographs are carefully examined for abnormalities as
well as imbalance and angular deformities of the foot.
Erosion of the flexor cortex, cystic-type lesions and medullary
sclerosis of the navicular bone are more severe lesions and
may warrant a lesser prognosis. If significant radiographic
abnormalities exist, then a diagnosis of navicular syndrome
is made.

Consistent and proper shoeing is the cornerstone of treat-
ment of horses with palmar heel pain. The foot must be
balanced and at an appropriate angle for the individual horse.
An effort to hasten the break over of the foot should be made
by rolling the toe or setting the shoe behind the toe of the
hoof. Adequate heel support is also necessary. The shoeing
interval should be a maximum of 5 to 6 weeks to maintain
good hoof conformation. Additional therapy consists of anti-
inflammatory medication and drugs that are purported to
promote blood flow to the foot (e.g. isoxsuprine hydro-
chloride, aspirin). If more severe lameness is present or there
is evidence of coffin joint inflammation, intra-articular injec-
tion of the coffin joint with hyaluronic acid and a corti-
costeroid may be beneficial. Despite aggressive shoeing and
medical therapy, some horses remain lame. These more
refractory cases usually require a palmar digital neurectomy
to maintain athletic function.

Suspensory ligament desmitis

Damage and inflammation of the suspensory ligament is a
common source of forelimb and to a lesser degree, hindlimb

lameness of Western performance horses. The incidence of
hindlimb suspensory desmitis has increased in recent years
and is probably related to the greater athletic prowess of
these horses together with the intensified level of competi-
tion. The severity of the inflammation can vary from slight
pain on palpation to acute and, at times, severe lameness.
Many of these horses have to exhibit a quiet and calm
demeanor while performing, and therefore have to be
worked until slightly fatigued prior to performing at their
most demanding level. Aside from fatigue, other predispos-
ing factors are improper shoeing (long toes, uneven feet,
improper angles, lack of heel support), hindlimb soreness
and poor ground conditions.

Injuries to the suspensory ligament most commonly 
occur at its proximal origin but may also involve the distal
branches. The lameness observed is usually one to two
grades more severe at a trot when the affected limb is on the
outside of a circle (i.e. clockwise with a left forelimb lame-
ness). Pain is usually elicited with palpation if the injury is
present in the distal suspensory ligament but may be absent
with proximal origin lesions. The location of the lameness is
established with sequential local anesthetic injections. The
proximal suspensory can be desensitized by local infiltration
of anesthetic around the suspensory ligament or by per-
ineural anesthetic injection around the lateral palmar
nerve at the level of the middle carpal joint just distal to the
accessory carpal bone.

After localization of the lameness, the affected region is
radiographed to determine if osseous lesions of the fetlock 
or proximal metacarpus are present. An ultrasonographic
examination of the suspensory ligament is performed to
assess the integrity of the ligament and tendinous structures.
If local infiltration of anesthetic was used to localize the
lameness, then the ultrasound examination is often delayed
for a day to minimize the possibility of distortion in the area.
Fiber pattern, ligament size and percentage of damaged
tissue should be assessed with the ultrasound examination.
Additionally, the contralateral limb should be ultrasounded
for comparison as individual variation can exist in the size
and character of the proximal suspensory ligament. The
severity of lameness does not always coincide with the degree
of damage present ultrasonographically.

The treatment for suspensory ligament desmitis is rest,
corrective shoeing, systemic non-steroidal anti-inflamma-
tory medications and occasionally local injection of the
proximal suspensory lesion. The duration of rest is deter-
mined by the severity of ultrasonographic abnormalities,
degree of lameness and subsequent ultrasound examina-
tions to monitor healing. In most cases, an initial 60 days of
stall rest is recommended with a small amount of pre-
scribed hand walking beginning 2 weeks after examination.
The amount of walking exercise should be slowly increased.
After 60 days, the horse should be re-examined, including
ultrasonography of the affected ligament. Further rest and
exercise regimens are recommended at that time depending
on the response to therapy. Corrective shoeing involves
maintaining the toes short and the foot at an appropriate
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Fig. 54.3
Flexor skyline radiographic view of the navicular bone.



angle; usually an egg bar shoe is used to facilitate fetlock
support. In horses where the lameness is minimal and there
is a lack of ultrasonographic abnormalities, local injection
of the proximal suspensory may be performed. Most often a
corticosteroid is used in conjunction with polysulfated gly-
cosaminoglycan (Adequan i.m., Luitpold Pharmaceutical
Inc., Animal Health Division, Shirley, NY 11967).
Occasionally, Sarapin (High Chemical Co., Levittown, PA
19056) is added as well. In cases where the lameness and
lesion are severe or showing a slow or poor response to con-
ventional therapy, ancillary therapies may be instituted.
These horses may undergo injection of the affected proxi-
mal suspensory ligament with bone marrow aspirated from
the sternum2 or extracorporeal shock wave therapy.3

Cutting and reining horses frequently have a slight
amount of proximal suspensory pain on palpation in asso-
ciation with a slightly shortened stride, but no obvious
lameness. These athletes frequently have inflammation 
of the distal hock joints as the primary problem which
causes the horse to place more stress on the forelimbs.
Typically, the suspensory pain does not require direct treat-
mentand the pain is alleviated with resolution of the hock 
soreness.

The prognosis of Western performance horses with fore-
limb proximal suspensory desmitis is generally favorable.
More severe lesions may be more prone to recurrent injury
and efforts to reduce the incidence of reinjury are para-
mount. Proper conditioning is necessary to reduce the risk
of fatigue. Appropriate shoeing is necessary to avoid long
toes and improper angles; horses may be maintained in egg
bar shoes for their entire athletic careers. Potentially, the
most important preventive measure is to maintain these
athletes as pain free as possible such that they are able to
work off their hind ends and prevent excessive strain on the
front limbs.

Hindlimb lameness

Despite the athletic riding discipline, all Western perform-
ance horses place a great deal of strain on their hindlimbs.
These horses generally perform tasks that require them to
have the conformation and willingness to move with their
hindlimbs underneath themselves (Fig. 54.4). Moreover,
they have to undergo extensive training at a young age to
become proficient and consistent in these maneuvers. This
repetitive stress predisposes the Western performance horse
to injury of their hindlimbs, especially their hocks and
stifles.

When evaluating the horse for hindlimb lameness it is
important to perform a thorough and systematic examina-
tion and palpation of the horse. Specific areas to examine
closely are the forelimb suspensory ligaments, the back and
lumbar musculature, and any effusion or swelling in the
hindlimbs.

Suspensory ligament desmitis

As mentioned earlier, inflammation and lameness of the
proximal suspensory ligament in the hindlimbs is being
diagnosed more frequently. The diagnosis and therapy are
similar to the forelimbs. However, the prognosis is more
guarded as the response to therapy can be unpredictable. In
more severe cases, it may take 12 to 18 months for ade-
quate healing to occur.

Inflammation/arthritis of the distal
tarsal joints (distal tarsitis)

Lameness associated with the distal intertarsal and tarso-
metatarsal joints (distal tarsal joints) is the most common
reason for a reduction in performance in the Western per-
formance horse. Anatomically, the distal intertarsal and
tarsometatarsal joints communicate in only 7–38% of
horses; the distal tarsal joints very rarely communicate
with the proximal intertarsal or tibiotarsal joints.4–6 The
distal tarsal joints are low motion joints that sustain repeti-
tive torque force in these horses. Therefore, it is not gener-
ally a question if these joints will become inflamed but
when they will become affected. The degree of soreness
related to these joints can vary from severe, acute lameness
to only a reduction in performance without notable lame-
ness. Often the trainer will be suspicious of distal tarsal
inflammation due to reduced performance of the horse
prior to obvious lameness being noticed. Common com-
plaints from cutting trainers about horses with inflamed
distal tarsal joints are that the horse will not hold the
ground or a cow, the horse is late making a turn on a cow,
or the horse is backing off the cow and unwilling to get low
in the ground. Reining trainers will complain of horses that
are not stopping as well, seemingly uncomfortable on tight
turns, or having difficulty with lead changes. Western
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Fig. 54.4
High-speed stopping and turning can predispose to injury of
the hindlimbs.



pleasure trainers will notice a reluctance of the horse to
carry its head appropriately, unwillingness to pick up or
maintain the appropriate lead, or just a slight shortening of
stride length that affects the horse’s gait.

Horses with distal tarsitis often palpate with soreness in
their back and gluteal regions, especially in the lumbar area.
Effusion within these joints is not palpable due to the narrow
width of these joints. However, horses with extensive remod-
eling of these joints may have palpable thickening in the
distal medial aspect of the tarsi. As this condition is related to
occupational repetitive stress, it is often bilateral with one
hock more affected than the other. Occasionally, the lameness
is related to an acute injury and the lameness is generally
unilateral and more severe. Typical inflammation of the
distal tarsal joints has a characteristic gait where the stride is
slightly shortened and the arc of flight of the hind leg is medi-
ally under the body with a quick lateral outward movement
of the foot prior to placing the foot on the ground. An upper
hindlimb flexion test exacerbates the shortening of stride and
abnormal gait.

A presumptive diagnosis of inflammation of the distal
tarsal joints is often made based on clinical findings. If there
is any question about the source of lameness, a thorough
lameness evaluation should be performed. Intra-articular
anesthesia will localize the source of the pain; however, care
must be taken not to infuse a large volume of anesthetic into
the tarsometatarsal joint as this may also alleviate pain asso-
ciated with injury of the proximal suspensory ligament.
Sometimes it may be beneficial only to perform distal inter-
tarsal joint analgesia initially, in an effort to differentiate
distal tarsitis from suspensory desmitis.

Radiographs are taken of the hock to determine the pres-
ence or extent of arthritic changes. A complete study con-
sisting of four radiographic views is necessary as
abnormalities are often subtle. Radiographic abnormalities
are frequently lacking in young horses with distal tarsitis.
The radiographic changes frequently observed include nar-
rowing of the joints, proliferation and/or lysis at the joint
surfaces, and occasionally ankylosis of one or more joints.
Infrequently, yearlings and 2-year-olds will exhibit
significant lameness and have extensive lysis and prolifera-
tion associated with the distal joints. This condition has
been termed juvenile arthritis and is most likely a form of
osteochondrosis with delayed ossification of the tarsal
cuboidal bones.

The treatment of distal tarsitis is often dependent on the
future training and competition requirements of the individ-
ual horse. If the horse is young, lacks radiographic abnor-
malities and can have a respite from its training regimen, the
horse is often prescribed rest and anti-inflammatory medica-
tion. However, most of the time a rest period is not preferred
by the owner/trainer and a more aggressive treatment plan is
instituted. Inflammation within the distal hock joints can
generally be effectively managed throughout a horse’s ath-
letic career by intra-articular injection of hyaluronic acid 
and corticosteroids. Both the distal intertarsal and tar-
sometatarsal joints should be injected, as communication is

unreliable. Additionally, these horses will also frequently
benefit from concurrent use of intravenous hyaluronate
sodium (Legend, Bayer Corp., Agriculture Division, Animal
Health, Shawnee Mission, KS 66201) and/or intramuscular
polysulfated glycosaminoglycan (Adequan i.m., Luitpold
Pharmaceutical Inc., Animal Health Division, Shirley, 
NY 11967).

Many Western performance horses can sustain a pro-
ductive athletic career despite the existence of chronic tar-
sitis. Injection of the distal tarsal joints should be performed
when needed to maintain reasonable soundness and to allow
these horses to continue to perform at a high level.
Occasionally, a horse with distal tarsitis will begin to have a
diminished response to intra-articular therapy. Radiographs
are made at that time to determine the extent of arthritic
development. If there is evidence of ankylosis, turnout and a
temporary discontinuance of training and showing may be
required. If the radiographs show a lack of significant arthri-
tis, then a procedure to stimulate ankylosis of the joints may
be indicated. There are two described techniques for the
induction of ankylosis in the distal tarsal joint: surgical
drilling across the joint7 and injection of sodium mono-
iodoacetate.8 In general, both techniques have mixed results
and the natural process of ankylosis is preferred. The
response to intra-articular injections of hyaluronic acid and
corticosteroids in young horses with juvenile arthritis is often
insufficient to enable these horses to compete at the lucrative
futurities. In these horses, the surgical drilling procedure for
hastening ankylosis may offer the best chance for future
athletic performance.

Stifle lameness

Both developmental and traumatic conditions of the stifle
occur in Western performance horses. Developmental con-
ditions include osteochondrosis of the femoropatellar and/or
femorotibial joints and upward fixation of the patella.
Osteochondrosis in the femoropatellar joint is most com-
monly associated with the trochlear ridges of the femur or in
the medial femorotibial joint as a cyst within the medial
femoral condyle. Upward fixation of the patella is usually
observed in younger horses that are conformationally pre-
disposed by being straight through the stifles. Most often this
is an intermittent condition with a gait abnormality and,
rarely, slight lameness. Trauma can vary from mild inflam-
mation to major soft tissue and cartilage damage associated
with the joint.

Horses with stifle lameness are typically lamer than seen
with distal tarsal inflammation. There is generally pain pal-
pable in the back musculature and often there is effusion of
the femoropatellar or medial femorotibial joint. The horse
exhibits a shorter cranial phase of the stride that is especially
evident at the gallop or canter most notably when the affected
leg is on the outside of a lunged or round pen circle. There is
usually a hip rise on the affected leg because of the shortened
stride and reluctance to flex the leg fully. A positive res-
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ponse to upper hindlimb flexion is evidenced with a further
shortening of the stride and a more noticeable hip rise. 
The lameness is localized to the stifle with the use of intra-
articular anesthesia. In general, the femoropatellar and
medial femorotibial joints communicate while the lateral
femorotibial joint does not.

A comprehensive radiographic study of the affected joint
should be performed. A complete study includes lateral,
caudal-cranial, and caudolateral-craniomedial views. It is
relatively common for lesions to be evident only on one of
the views. Recently, ultrasound examination of the stifle to
visualize the cranial cruciate ligament, cranial aspect of the
meniscus and collateral ligaments has been described and
may be useful in determining the extent of the injury in
select cases.9

Developmental stifle conditions

Intermittent upward fixation of the patella is most com-
monly observed in 2- and 3-year-old horses and can often
be diagnosed with a good clinical history. Occasionally
there will be slight effusion of the femoropatellar joint.
Conservative management is preferred as transection of the
medial patellar ligament can predispose to secondary
arthritis.10 A consistent exercise program is necessary to
properly condition the hindlimb musculature. In more
severe cases, further therapy is usually necessary and may
include a regimen of intramuscular estrone sulfate (TD
Swanson, personal communication), injection of the
medial and sometimes middle patellar ligaments with a
counterirritant, surgical splitting of the medial patellar lig-
ament11 and, as a last resort, medial patellar ligament
desmotomy. Generally the prognosis is good and the horse
can be managed with conservative therapy.

Osteochondrosis of the femoropatellar joint is treated
with arthroscopic surgery. Lesions are most commonly
located on the lateral trochlear ridge. The prognosis is
dependent on the size of the lesion with smaller lesions
having a superior prognosis, but usually the prognosis is
favorable.12 Lesions within the femorotibial joints are
almost always observed on the medial femoral condyle.
Lesions will vary from slight flattening or indentation of
the articular cartilage to large subchondral cysts. Recom-
mendations for treatment of medial femoral condyle cysts
are controversial. Arthroscopic surgery has yielded mixed
results and therefore is usually reserved for horses not
responding well to more conservative treatment. If the
lameness is not severe and the lesions are small, intra-artic-
ular injection of the medial femorotibial joint with
hyaluronic acid and corticosteroids will often alleviate the
lameness and allow the horse to remain in work. If the
lameness is more severe and/or the cystic lesion is sizeable
with a large communication with the joint, then intra-
articular injection is often used in conjunction with
confinement and rest. Recent research has been directed to-
wards improving the healing of the defect in an effort to

increase surgical success.13,14 Currently, these methods are
mostly experimental and further research and clinical trials
are necessary.

Traumatic stifle conditions

Injuries to the stifle most commonly occur in the medial
femorotibial joint. In cutting and reining horses, it is not
uncommon for mild inflammation of the medial femorotib-
ial joint to occur in conjunction with distal tarsitis.
Traumatic injuries will vary from mild inflammation to
career-ending soft tissue disruption. In the more severe
injuries, rest is required. These horses require strict stall
confinement, systemic anti-inflammatories, intramuscular
polysulfated glycosaminoglycan (Adequan i.m., Luitpold
Pharmaceutical Inc., Animal Health Division, Shirley, NY
11967) and re-examination at a later date. The prognosis is
guarded at best and depends on the subsequent develop-
ment of arthritis. Horses with minimal inflammation and
no radiographic abnormalities can often be managed and
kept in training and competition. If concurrent distal tarsal
inflammation exists, intra-articular injection of the distal
tarsal joints is often all that is required for resolution of the
stifle inflammation. When more significant inflammation
exists, the affected joint should be injected with hyaluronic
acid and a short-acting corticosteroid. Further inflamma-
tion of the stifles can sometimes be avoided by maintaining
the distal tarsal joints as pain free as possible.
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Hunters are supposed to jump with a style that appears
easy to ride while at the same time folding their front legs
tightly and squarely with knees elevated above the point of the
shoulder. The head and neck should be extended forward and
have a flexing curvature over the top of the fence (Fig. 55.2).
The horse should appear to clear the required height with ease
and the hindquarters should glide smoothly over the fence in
a round, arcing style. The entire jumping motion should be
fluid, effortless and controlled, and appear to be smoothly
connected with the takeoff and landing strides.

Introduction

It has long been recognized that horses have the ability to
jump obstacles. This unique characteristic and man’s domes-
tication of the horse over time has led to refinement of this
ability. The next logical step was the development of a com-
petitive venue for jumping. The sport of showing horses over
fences is rooted in England in the mid-nineteenth century.
International competitions flourished in Europe and eques-
trian jumping events were introduced at the 1912 Olympic
Games. A unique aspect of showing horses over fences is that
men and women riders compete as equals.

The show hunter

The hunter classes at horse shows are intended to demon-
strate the grace, elegance and jumping style of the horse and
are scored subjectively by one or more judges (Fig. 55.1).
Originally, the concept was to show over obstacles that might
be encountered in the foxhunting field. Jumps would include
natural building materials and mimic gates, coops, walls and
a variety of natural brush vegetation. More recently, show
hunter courses have the same basic jump style, but now are
adorned with bright flowers and foliage which may entice the
horse to jump more brilliantly over the jumps.
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Fig. 55.1
Show hunter exhibiting the jumping style, elegance and beauty
necessary for success in the show ring.



The movement, pace and general impression of the show
hunter around the course is important in the scoring by the
judges. Movement at the trot and canter should be fluid, smooth
and with a relaxed cadence that covers the ground with a
minimum of effort. The horse should appear relaxed and com-
fortable with minimal noticeable commands by the rider. The
horse and rider should approach fences in a balanced position
and jump the obstacles ‘in stride’. Show hunters compete over
jumps of varying height (up to four feet) depending on their age,
jumping ability, experience and the capability of the rider.

The showjumper

The showjumper is typically a horse that demonstrates a
combination of power and speed. The main requirement is to
jump a series of obstacles within a specified, allotted time. The
objective is to jump the course with the least number of
penalty faults. Scoring is done objectively based on penalty
faults given for such things as jumps that are lowered in
height by knocking them down, refusals to jump an obstacle,
exceeding the time allowed on course, placing a foot in the
water jump, and a fall of a horse/rider combination.

The showjumper has to be athletic and have a proclivity for
jumping any kind of colored or configured obstacle that may be
included in the competition course (Fig. 55.3). The horse must
jump with precision and care, whereas the absolute form and
style over the obstacles is of lesser importance. It is extremely
important that the horse be well schooled and responsive to the
rider due to the fact that competition courses have winding
turns, combination fences and often varying number of strides
between fences. The showjumper can be any breed, color, size
and shape as long as the horse demonstrates a desire and will-
ingness to jump the obstacles without incurring faults. The
elite showjumpers tend to be naturally well-balanced athletes

with an ease of movement that is fluid, loose and appears
effortless, especially at the canter. Jumpers compete in a variety
of classes based on age, fence height, prize money won and the
ability of the rider.

The biomechanics of the jumping style in jumpers varies
from that of the hunters. The strides preceding the jump are
used to position the horse and to harness its horizontal
energy in order to convert it to vertical energy in the takeoff
stride. In the stride just prior to takeoff, the horse lowers its
center of gravity, decelerates forward movement of the front
legs and then thrusts vertically to raise the forequarters off
the ground. The hind feet then plant close to the base of the
fence and supply further vertical energy to propel the body
over the obstacle. There is a rotation of the center of gravity
over the top of the fence with extension of the lumbosacral
region and the hip joint to allow the hindquarters to clear the
obstacle. Landing requires the front legs to land in a staggered
arrangement in order to gallop away from the fence 
(Fig. 55.4). This imparts very large vertical forces that must
be absorbed by the structures of the front legs. The higher
and wider the fence, the greater the forces involved and the
greater the effort required by the horse and rider. When these
factors of jumping biomechanics are combined with the
variety of pace, obstacles and directional lines of the
showjumping course itself, it requires a horse that is well
trained, responsive, athletic and properly conditioned to
compete successfully.

The demands of show
hunting and jumping

As a year-round sport, show hunting and jumping is a
demanding sport and it is difficult for owners, trainers and
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Fig. 55.3
Power, speed and colorful obstacles mark the showjumper
arena.

Fig. 55.2
Classic jumping form in a hunter. Note that the front legs are
square and the knees high as horse arcs over the jump.Also
note the flexion through the neck and the extension of the
hindquarters as the horse leaves the ground.



veterinarians to manage these horses such that consistent
athletic performance is achieved throughout the year. Many
factors must be considered to keep a training and showing
program efficient and fresh for the horses while minimizing
injuries and the need for veterinary medical intervention.

Show horses must be conditioned adequately to attain a
level of ‘fitness for the intended task’. Ideally, the required
level of fitness is achieved before a horse is taken on the show
circuit. Once a horse achieves a desired level of fitness, it is
fairly easy to maintain that level with consistent exercise.1

Hunters do not require the level of fitness demanded of the
showjumper. Actually, many show hunters are kept slightly
underconditioned and overweight in order to minimize the
amount of exercise required to ‘take the edge off ’ prior to
entering the show ring. Judges tend to reward this overly
relaxed expression in their scoring. Showjumpers, on the
other hand, tend to be conditioned in a manner more appro-
priate to the level of athletic activity.

The show season and individual show schedules can be
important to the success and health of hunters and jumpers.
Most elite hunters and jumpers are vying for year-end
awards, entrance to prestigious horse shows or participation
on certain team events. This means that a horse either has to
accumulate a large number of points compared with rival
horses or has to perform well in specific qualifying shows. The
show season may be 9 to 10 months in length with two to

three shows per month. When combined with the rigors of
travel and regular conditioning, it is clear that there are high
demands on the show athlete. Hunters often have two to four
jumping classes per show day. If they are entered in amateur
rider as well as open hunter classes, these horses may com-
pete on 4–5 consecutive days. These work demands are fur-
ther increased by participation in warm-up classes and the
need to school over fences prior to each class. In contrast,
jumpers tend to be managed through a show in a manner
that targets one or two specific classes. Most showjumpers
either compete in the open classes, with a professional rider,
or in the amateur classes. This more restricted performance
schedule tends to maintain the showjumper’s energy and
mental alertness at a desirable level.

Show hunters and jumpers tend to travel more frequently
and farther than other sport horses. This makes them sus-
ceptible to transit stress and to suppression of their immune
system.2 In this author’s opinion, horses are more susceptible
to infections for up to 7 days after prolonged transportation.
This is especially true when traveling between time zones and
internationally. As most large horse shows are scheduled 
over a 6–7-day period, there is often minimal time for
recovery following transportation from one venue/event to
the next.

Judging criteria also may contribute to the stresses
imposed on show horses, particularly in the hunter classes.
In many instances, a horse that is quiet and relaxed in the
ring will be favored over a horse with superior jumping ability
but a more ‘playful’ disposition. As a result, hunter horses are
often exercised to the point of fatigue (lunging and/or under
saddle) to ‘take the edge off ’ before entering the ring to com-
pete. Alternatively or additionally, many owners and/or
trainers look toward medications or hormones to alter the
‘appearance’ of the hunter in the ring. Both practices 
may predispose these horses to problems that are ultimately
performance limiting.

Arena footing has become a primary concern for horse
trainers and owners, equestrian governing bodies, show
managers and veterinarians. Poor footing (e.g. overly hard
surface), both in the main arena and in the schooling and
warm-up areas, appears to be a major predisposing factor for
musculoskeletal injury. Many federations are now adopting
stringent guidelines for the quality of footing at sanctioned
events.

Veterinary services

The veterinarian plays a key role in the training, manage-
ment and medical care of the hunter and jumper. The veteri-
narian wears many hats and has to coordinate the efforts of
many people (e.g. farrier, massage therapist, trainer) in order
to provide optimal care to the horses under his or her care.
The scope of his/her responsibilities and efforts may be con-
stantly changing to meet the needs of clients, patients and
even equestrian governing federations. The veterinarian
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Fig. 55.4
The soft tissues of the front legs have to withstand
tremendous stress during takeoff, landing and tight turns in
the jumper ring.



must be willing and able to see the total picture from a variety
of different vantage points and be adept at keeping all parties
focused on the proper care of the horse.

It is also imperative that open and clear lines of com-
munication are nurtured and maintained throughout the
diagnosis and treatment of a given problem. In addition 
to veterinary care, the practitioner must be prepared to act 
as source of advice concerning nutrition, conditioning pro-
grams, equipment (tack), and transportation. This does not
mean that he or she needs to have all the answers, but should
be able to identify qualified people to assist in the overall
management program of the horse. For example, the solicit-
ing of advice from a nutritionist regarding a feeding program,
referral to a specialized veterinary facility for advanced diag-
nostic techniques or surgery, or the acquisition of current
research papers relevant to a current problem.

Additionally, the veterinarian should expect in return an
open and honest dialogue with the trainer concerning any
veterinary problems that arise while the horse is away at
competitions. This is extremely important in light of the fact
that trainers often travel long distances to compete and spend
a large amount of time at competitions not attended by their
regular veterinarian. Lameness or metabolic problems
incurred at a show should be re-evaluated and discussed once
the horse has returned home. Copies of medical records
should be obtained from the attending veterinarian at the
show. This will ensure proper care of the horse and help to
determine if changes in veterinary care or other manage-
ment of the horse are warranted. The veterinarian should
rely on the trainer and his/her employees for day-to-day
information concerning the horses under his or her care. It 
is important to have a good relationship with the grooms
because they spend the most time with the horses and can
usually provide reliable and timely information concerning
an individual horse. For lameness or poor performance prob-
lems, insight provided by the rider can be invaluable in local-
izing subtle gait abnormalities. Similarly, a veterinarian 
with riding skills may, on occasion, wish to ride a horse as a
component of the gait evaluation.

Proper care of hunter and jumper horses is also critically
dependent upon a strong relationship between veterinarian
and farrier. They must work together to maintain good lines
of communication between themselves as well as with the
trainer or owner. Ideally, the farrier and veterinarian work
together in the development of a shoeing plan, although
there are cases in which the veterinarian must request use of
a specific shoe or shoeing technique.

Veterinary medical service can be provided to show stables
in a variety of ways. In most instances, show stables have a
primary ambulatory veterinarian who attends to the general
care of the horses when they are not competing on the
circuit. He/she maintains a preventive medicine program,
works up and treats musculoskelatal problems, attends to
emergencies and consults regarding many aspects of show
horse care. In addition, this practitioner usually has a
network of referral hospitals or their own hospital facility
that can be utilized for problems requiring further diagnostic
workup or treatment. It is important for the practitioner to
provide veterinary referral contacts for their trainer/show

stable for the geographic areas in which they compete. Some
veterinarians travel with their clients on the show circuit, but
this is the exception. More routinely, there are a number of
ambulatory veterinarians that routinely travel the show
circuit and attend to whichever horses or stables may need
their services at a particular competition.

Pre-purchase examinations

The pre-purchase examination provides the potential buyer a
‘point in time’ veterinary assessment of the horse in the con-
text of its intended use. The intent is to identify problems 
that may limit or hinder athletic performance. For the show
hunter and jumper, this involves a comprehensive physical 
examination with particular focus on conformation, the
musculoskeletal system and the assessment of gait.3 Prob-
lems must be evaluated in light of the intended use of the
horse, the potential impact on athletic performance, the prog-
nosis, and the willingness of the buyer to accept risk re-
garding the problem. Radiology, ultrasound, endoscopy,
thermography and clinical hematology are routinely em-
ployed in most performance horse pre-purchase examina-
tions. Additional evaluations using acupunture, chiropractic
techniques, nuclear scintigraphy, magnetic resonance imag-
ing, computer aided tomography and kinesiology, as well as
other evaluation modes, have been employed to aid the buyer
in making an ‘informed decision’. An important part of any
pre-purchase examination is the necessity for accurate, read-
able records and clear communication with the buyer or
buyer’s agent.

Lameness examinations

Frequently, horses return from shows with lameness or gait
abnormalities. It is imperative to obtain a detailed and ac-
curate history regarding the problem, including the admin-
istration of any medications. The history may come from
notes from an attending horse show veterinarian or repeated
queries to the trainer, rider or groom associated with the
horse. The physical examination should include palpation,
work on a lunge line, flexion tests and, in some cases, obser-
vation under saddle. Regional perineural anesthesia and
intra-articular anesthesia can be very helpful in localizing the
area of lameness. Further diagnostic procedures to delineate
the actual cause of lameness may be conducted at the stable
or at a clinic.

Specific disease problems
encountered in show
hunters and jumpers

Show horses are susceptible to a wide array of veterinary
problems, particularly those involving the musculoskeletal
system. In many instances, proper identification of the
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problem facilitates appropriate treatment and management
that allows the athlete to return to competition in a short
period of time. The demands on the elite hunter and jumper
make them prone to both acute- and chronic-onset musculo-
skeletal injury. Chronic problems can develop from low-
grade, subclinical pain and may compromise performance in
the absence of overt lameness. Changes in jumping tech-
nique, stride length or work attitude, or an overall decline in
performance can be signs of low-grade musculoskeletal prob-
lems. Acute-onset problems usually result in a distinct lame-
ness and early diagnosis and treatment is imperative for
optimum resolution. Unfortunately, these injuries have the
potential to become chronic, thereby requiring recurrent
treatment and/or a reduction in workload expectations.

Foot problems

The show hunter and jumper is prone to foot injury as a
result of variations in exercise surfaces and excessive wetting
and drying cycles due to repeated bathing and application of
hoof coatings. It is not uncommon for horses showing in
warm climates to be bathed three to four times per day and a
commercial hoof oil to be applied to the feet every time the
horse leaves the stable area and following schooling just prior
to entering the show ring. In addition, the ring areas at horse
shows are worked up and watered on a regular basis to
provide good footing. These factors contribute to shelly, brittle
hoof capsules and the development of cracks that may cause
lameness or make it difficult to hold shoes properly. A variety
of management tools have been used in an effort to mitigate
the effects of repeated cycles of wetting and drying. The appli-
cation of a clear acrylic coating to the hoof capsule at the
time of shoeing and weekly thereafter can help to seal the
hoof wall. Attempts should be made to preserve the periople
at the time of shoeing. A decrease in the frequency of bathing
is also recommended; a thorough grooming can usually
achieve the desired appearance.

Quarter cracks and hoof capsule injuries can cause per-
sistent lameness and poor performance. Quarter cracks are
usually the result of hoof imbalance coupled with concus-
sive trauma. Accordingly, the veterinarian and farrier
should work together to identify and correct foot imbalance.
In addition, corrective farriery should move the breakover
caudally and unweight the affected area. The crack should
be debrided followed by the application of a temporary shoe
that evenly distributes weight over the foot (i.e. bar shoe).
Systemic medication to curb inflammation may also be indi-
cated. In more severe cases, stabilization of the crack is
required to alleviate pain. This can be accomplished by an
array of techniques including screw-in plates, glue-on
plates, wire and Kevlar laces, acrylic compounds, and cast
material. Frog support pads, pour-in soft hoof packing or
steel pads also can be used to support the foot. Some reduc-
tion in exercise is necessary to prevent destabilization of
these support devices. A 2- to 4-month period is often
required for complete stabilization of the crack. However,
with close monitoring the conditioning load can be slowly
increased during this period.

Chronic concussive injury with resultant front foot sore-
ness is a common occurrence in jumping horses performing
on firm surfaces. Early indications of soreness may be a short-
ened, choppy stride, putting in a quick short stride at takeoff
to a jump and refusal to jump. Injury may involve the soft
tissues of the foot (i.e. bruise, hematoma, low-grade lamini-
tis) and may progress to chronic remodeling of the coffin
bone (pedal osteitis). The initial goal of therapy is to alleviate
inflammation via the administration of anti-inflammatory
drugs and medications purported to increase blood flow to
the foot. Adjunct therapies included regional perineural
anesthesia, foot soaking, poultice bandages and the use of
Styrofoam hoof pads. Corrective foot trimming and shoeing
should be undertaken once the inflammation has subsided.
The foot must be trimmed and balanced to optimize its ability
to absorb concussion. Simple, acute cases may only require
the insertion of soft impression material under a flat pad, a
rim pad or a soft pour-in pad under a regular shoe. In more
severe cases, glue-on shoes, a rigid plastic or steel pad with
acrylic impression material, enlarged bar shoes for support or
the application of acrylic material to raise the heels may be
indicated. It may take weeks to months for a ‘sore-footed’
horse to return to form. Exercise on soft ground, minimal
jumping, lightweight riders and a reduced competition
schedule will speed the process.

Caudal heel pain is a common cause of lameness in show
hunters and jumpers. The diagnostic dilemma is to determine
which structure, or combination of structures, underlies the
pain. Regional perineural anesthesia, distal interphalangeal
intra-articular anesthesia and navicular bursa anesthesia
may help to differentiate the source. Magnetic resonance
imaging of the heel region has been helpful and in many
instances multiple problems have been identified. Acute cases
respond well to therapy that involves the intra-articular or
intrabursal administration of corticosteroids or sodium
hyaluronate, a period of rest (3 to 6 weeks) followed by
controlled light riding (3 to 6 weeks), anti-inflammatory
medication and attention to shoeing (caudal heel support).
Chronic caudal heel pain can be a challenge to treat and
manage. Many affected horses can continue to compete if the
condition can be managed such that lameness is no worse
than a grade 2. However, the trainer and/or owner must be
willing to accept lowered performance expectations, includ-
ing a decrease in the number of shows and classes within a
show expected of the horse. Regular low-intensity exercise 
to maintain conditioning is important to prevent other
musculoskeletal problems. Regular (every 2–3 months)
intra-articular therapy and the administration of anti-
inflammatory medications at competitions can also aid in the
management of these horses. Surgical interventions involv-
ing the innervation to or support of the navicular bone are
last resort treatment measures.

Joint problems

Joint ailments in show athletes are related to an isolated trau-
matic incident or to repeated ‘wear and tear’ on joints. The
goals of therapy for acute synovitis are to reduce pain,
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swelling and inflammation in order to minimize chemical
mediator induced damage to the joint. This is generally
accomplished through physical therapy techniques and the
administration of systemic and intra-articular medications.
The prognosis is good and most affected horses are able 
to return to their previous level of competition after 3 to 
4 weeks. An extended layoff and/or surgical treatment may
be required if joint trauma results in chip fracture, cartilage
damage or supportive ligament lesions.

Osteoarthritis (OA) and degenerative joint disease are 
the most common chronic joint problems in show horses.
Both high motion/low load joints (metacarpal-phalangeal,
metatarsal-phalangeal, carpal, etc.) and high load/low
motion joints (interphalangeal, distal tarsal) can be affected.
The extent of remodeling damage to the joint can influence
treatment and management of the horse. It is important to
utilize good shoeing principles in an attempt to reduce stress
on joints. The use of rolled or rockered toes with the break-
over moved caudally may aid a sore fetlock joint. Horseshoe
pads or soft acrylic pour-in pads may help disperse concussive
forces. Limiting the use of horseshoe or screw-in heel caulks
can reduce shear forces on a joint. Periodic intra-articular
injections of corticosteroids and sodium hyaluronate may
alleviate inflammation and pain. Osteoarthritis of high load/
low motion joints should be managed similarly; it is this
author’s opinion that intra-articular injections with sodium
hyaluronate and/or corticosteroids should be done every 
3–4 months. The duration of relief will depend on the sever-
ity of the condition, and the success of concurrent therapies
and management practices. The systemic administration of
hyaluronate and polysulfated glycosaminoglycans appears to
be useful in horses with OA, and the judicious use of non-
steroidal anti-inflammatory drugs is also recommended for
the control of inflammation. The daily oral administration 
of chondroitin sulfate and glucosamine is now routine,
although the efficacy of these treatments is unproven.
Exercise should be regular, consistent and geared toward
maintaining the necessary fitness for the show ring. For
jumpers, tight turns and high-speed exercise should be
undertaken sporadically and not when the horse may be
fatigued. It is better to school over a few fences more fre-
quently than to put many fences into one schooling session.

Osteochondrosis dissecans (OCD) is prevalent in show
hunters and jumpers, perhaps because of the large number of
Warmblood horses used in these disciplines. Many OCD
lesions are identified during pre-purchase examinations or
during the evaluation of an acute lameness associated with
moderate to severe joint effusion. When lameness is present,
arthroscopic surgical intervention is usually indicated. These
horses have a guarded to good prognosis for return to com-
petition depending on the severity of lesion(s). Occasionally, a
conservative approach to therapy involving joint injections
and extended rest is instituted.

Soft tissue injuries

Most soft tissue injuries to ligaments and tendons are acute in
nature. Depending on the extent of that injury and the recov-

ery time involved, they may then be classified as a chronic
problem. The soft tissue structures most often injured in
hunters and jumpers are the superficial digital flexor tendon,
the accessory ligament of the deep digital flexor tendon and
the suspensory ligament. Recurrence of these problems is
common.

In the author’s opinion, fatigue is a major contributing
factor to superficial flexor tendon injury in hunters. Most
hunters are overweight and underconditioned. Nonetheless,
these horses are routinely worked to the point of fatigue just
prior to entry into the show ring, often on uneven and
inconsistent footing. It is likely that this fatigue contributes to
the stress on this tendon with resultant tendinitis.4

Diagnostic ultrasound should be performed to determine the
extent of tendon damage and to aid selection of an initial
treatment plan. An injury with peritendinous swelling and
no major fiber damage should be managed with physical
therapy (ice or hypertonic hydrotherapy), bandage support,
systemic anti-inflammatory medication, rest and a follow-up
ultrasound in 2 to 4 weeks. Light exercise can be incorpor-
ated into the rehabilitation program if the subsequent ultra-
sound examination demonstrates improvement. Cold laser or
therapeutic ultrasound may be incorporated at this stage, if
available. The rate of healing is variable but affected horses
may be ready for a return to competition in approximately 
2 to 3 months. An injury that results in a core lesion should
initially be evaluated and treated as above, with re-evaluation
of the injury in 45 to 60 days. A decision to continue rest,
inject the lesion or perform a surgical procedure should be
based on the change in appearance of the lesion. Most horses
that develop a significant core lesion within the superficial
digital flexor tendon require 6 to 8 months for recovery, 
after which a return to the previous level of exercise may be
possible.

Inflammation and lameness associated with the accessory
ligament of the deep digital flexor tendon (distal check liga-
ment) is more common in the showjumper than the hunter.
This is most likely due to the size of fences involved and the
different jumping styles. The check ligament adjunctively
aids the deep flexor tendon at takeoff to convert horizontal
energy into vertical energy and to elevate the forequarters of
the horse off the ground. In addition, during landing from a
jump, the suspensory ligament and the check ligament of the
front legs act as ‘stops’, converting vertical energy to hori-
zontal energy as the deep flexor tendon loads and helps to
move the horse away from the fence. In most instances of
injury to the check ligament, there is an incident of a ‘funny
feeling’ jump or a stumbling on landing. The initial manage-
ment is directed at physical therapy with cold treatment and
cooling gel bandage support, systemic non-steroidal anti-
inflammatory medication, rest with hand walking, and eval-
uation of the injury by use of ultrasonography. A relatively
minor sprain with fiber pattern edema and minimal amount
of overall thickening is treated with medicated poultice ban-
dages, continued anti-inflammatory medications, mildly
raised heels, cold laser or ultrasound therapy, and a slow
return to exercise over a 4-week period. For the first 
4–6 weeks of training, it is generally wise to follow a conser-
vative training and competition schedule, avoiding excessive
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speed in jump-offs and utilizing supportive bandages or boots
during work. The prognosis for this type of injury is favorable.

Chronic, recurrent thickening, inflammation, soreness and
lameness attributed to the check ligament carries a poorer
prognosis and can require a forced reduction in the level of
competition or retirement. Affected horses will show some
improvement following palliative treatment with corrective
shoeing, rest, anti-inflammatory medications and other ther-
apies. However, persistent lameness can occur due to the
buildup of scar tissue in the check ligament. Surgical inter-
vention with check ligament desmotomy has been beneficial,
but generally more as a salvage procedure to make the horse
comfortable in retirement or as a pleasure horse.

Suspensory ligament injuries are a cause of poor perform-
ance in hunters and jumpers.5 The three distinct regions of
the ligament (high or origin, body, and branches) can be
affected. Injury to the suspensory ligament of the show
hunter generally occurs more frequently in the front legs as a
result of the aforementioned fatigue factors. Exercise in deep,
heavy footing also increases the risk for this injury. In
jumpers, about two-thirds of cases of suspensory desmitis
occur in the fore legs. It is the opinion of this author that the
increase in prevalence of suspensory desmitis in jumpers can
be attributed to the desire for more ‘grab’ with the use of
more and larger caulks or studs on shoes. The latter may
cause the horse to load their support apparatus in a jerky,
uneven and inconsistent manner, putting peak loads on the
suspensory ligament over very short time periods as the
caulks ‘grab’. The increase in running speed that the rider
feels is attainable with better traction also may predispose to
suspensory ligament injury. Many of the hindlimb suspen-
sory problems can be attributed to strain during takeoff bio-
mechanics, while front limb desmitis is usually the result of
injury during landing or while completing fast turns.

The suspensory ligament tends to heal slowly due to poor
vascularization and the density of fibers. Even in cases in
which there is minimal ultrasonographic evidence of injury,
an 8- to 12-month period of rehabilitation can be required
before a return to full exercise. Generally, desmitis that occurs
at attachment regions (proximal metacarpal or metatarsal,
abaxial sesamoids) has a poorer prognosis for return to previ-
ous level of competition compared with injuries at other sites.
Therapeutic plans should focus on the next 8-week period,
with re-evaluation of progress and treatment plans at the end
of each period. For the first 4 weeks, treatment should focus
on resolution of heat, pain, and swelling, along with rest.
Then, adjunctive therapy (laser, ultrasound, extracorporeal
shock wave), local injections (hyaluronate, corticosteroids,
sclerosing agents), herbal preparations, and light exercise
can be instituted. If clinical or ultrasound findings do not
improve from one examination to another, a more aggressive
therapeutic approach may be indicated. This may involve
surgery for local fiber splitting or furage, bone marrow auto-
graft injection, transplantation injection of stem cells,
carbon/silicone injections or hyperbarometric oxygen treat-
ment. Light exercise of walk and trot for a couple of months
can slowly be increased over time to include some short
canter work. Foot care should include attention to
medial/lateral balance, caudal heel support, and a slight low-

ering of the heels to reduce stress on the injured ligament and
ease breakover. In horses with good response to treatment,
consistent exercise under saddle on the flat is generally poss-
ible around 7 to 8 months post-injury. Cavalletti and pole
work can be started and progress to small jumps over the sub-
sequent 6- to 8-week period, with an increase in jump height
and training intensity over the next month. Return to the
show ring should be gradual and great attention should be
paid to footing, foot care, any changes in jumping style,
swelling or heat of the suspensory, and any indication of gait
abnormality or lameness.

Back problems

Back soreness is a frequent complaint in hunters and
jumpers. The biomechanics and stresses placed on the bony
vertebral column and the associated muscles and ligaments
while jumping are not completely understood or docu-
mented.6 Nonetheless, observation of horses jumping large
fences with a rider suggests that considerable strain is placed
on these structures. In hunters and jumpers, back soreness is
often attributed to muscle problems, specifically muscle
fatigue, muscle spasm or some neuromuscular interaction.
Back pain can be precipitated by a sudden increase in the
level of competition, a change in rider or rider ability, a
change in saddle or other equipment, exercise on a lunge line,
deep dry or wet ground conditions, or secondary to other
lameness or muscle problems. For example, lower lumbar and
gluteal muscle soreness is a fairly common finding in horses
with distal tarsitis. Chronic, low-grade discomfort of the fore-
limb fetlock region may result in nagging lower lumbar and
sacroiliac soreness. Therefore, effective management of
muscle pain over the back region requires identification and
treatment of these underlying primary problems.

Several treatments are effective for the palliative relief of
back pain and inflammation. Ice and cold therapy can be
effective in the management of acute pain or directly follow-
ing exercise. Electromagnetic blankets, acupuncture, light
therapy, massage and chiropractic techniques, stretching
exercises, therapeutic ultrasound and liniments or poultices
may also be beneficial. It also is important to ensure that the
horse undergoes proper warm-up and cool-down when exer-
cising. Horses that are reported to be stiff or tight through the
thoracolumbar or the lumbosacral regions while ridden
should be given 20 to 25 minutes of walk and slow trot
together with bending and suppling exercises at the begin-
ning and end of each strenuous flatwork or jumping session.
Jumping sessions may involve more repetitions of an exercise
but at a lower intensity and/or shorter duration. Although
difficult and time-consuming for many riders, this approach
is effective in the prevention of recurrent back pain. Quarter
sheets or blankets over the large muscles of the lower back
and hindquarters, while riding, are helpful in cold or
inclement riding conditions. Other therapies that may be
used include the local injection of corticosteroid and homeo-
pathic preparations and the systemic administration of
muscle relaxants, non-steroidal anti-inflammatory drugs,
immune modulators or antioxidant supplements.
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Back soreness caused by primary skeletal problems of the
thoracic, lumbar or iliosacral regions is difficult to diagnose,
treat and manage. An experienced rider may be able to detect
subtle changes in gait, movement or jumping style subse-
quent to the infiltration of local anesthetic into suspect areas.
Imaging studies (ultrasound, radiology, nuclear scintigraphy)
can help in the localization of back lesions. In addition to the
treatment and management measures discussed above,
therapy often involves the use of local corticosteroid injec-
tions. Recently, epidural administration of corticosteroids has
been used for the treatment of pain related to osteoarthritic
changes between vertebrae or associated with nerve root
inflammation.

Stress-related diseases

Frequent and prolonged transport, housing in confined areas
with large numbers of horses, irregular exercise programs,
changes in feeding management, continuous activity around
the stable area, and heavy use of medications are some
factors that may predispose show horses to disease condi-
tions. Although there have been no epidemiologic studies,
diseases that may occur at a higher incidence in show horses
than in other groups include viral respiratory disease, pleuri-
tis, laminitis, colitis and gastric ulcers.

Miscellaneous conditions

From a judging perspective, laryngeal hemiplegia is regarded
as unsoundness in a show horse. Originally, the thought was
that a field hunter with a restricted airway problem would
develop exercise intolerance over the course of a day of fox
hunting. Realistically, most show hunters are performing in
the ring for approximately 90 to 120 seconds at a submaxi-
mal level in which laryngeal hemiplegia is highly unlikely to
restrict performance. Nonetheless, some form of surgical
intervention is generally recommended for treatment of
laryngeal hemiplegia. The technique selected depends on the
degree of hemiplegia and the inspiratory noise present when
the horse performs.

Pneumovagina can adversely affect jumping style in some
hunter and jumper mares. The main clinical signs are a
clamping down of the tail during jumping and a tendency to
drop the hindquarters and jump flat over the fence and to hit
or knock down jump rails with the hind legs. Treatment

involves closure of the vulval lips below the level of the brim
of the pelvis by use of a Caslick procedure.

Owners and trainers of female show horses are often
concerned about behavioral changes associated with the
estrous cycle. Behavioral signs of estrus can render some
mares reluctant to perform and otherwise difficult to move
around the show grounds. Oral or injectable hormone
therapy can mitigate this behavior. A glass ball device
placed in the uterus shortly after ovulation will suppress
behavioral estrus for up to 3 months.7 In some cases, an
ovariectomy may be the appropriate course of action. This
is only contemplated if the mare is not to be used for future
breeding or she develops an ovarian tumor that is causing
behavioral problems.

Intact male horses can also develop behavioral and per-
formance problems. Many stallions become hard to handle
and a challenge to keep focused on exercise performance.
Some stallions develop testicular and/or scrotal inflammation
and pain related to irritation during exercise under saddle or
while jumping. These horses will tend to move with their hind
legs placed wider than usual, ‘stick’ off the ground at takeoff,
and constantly tail swish, buck or kick out with their hind
legs while exercising. The application of lubricating gels to
the scrotum to minimize irritation, a reduction in exercise
intensity or duration, or castration are possible approaches to
this problem.
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decreased maximal oxygen consumption (V·O2max) and
decreased cardiac output.4–6 The decrease in maximal
cardiac output appears to be the result of a decrease in both
maximal stroke volume and heart rate.6 Training in older
humans can help maintain aerobic capacity and stroke
volume.6,8–10 However, the age-related decline in maximal
heart rate is not affected by training.6

A similar decrease in exercise and aerobic capacity also
occurs in older horses.11 Older horses are not able to run as
fast on a high-speed treadmill (mean ± standard error:
8.7 m/s ± 0.5 versus 10.8 m/s ± 0.5) or as long (275 ± 31
versus 419 ± 31 seconds) as are younger horses.11 The
V·O2max of unfit, older horses is 24% lower than that of unfit,
younger horses.11 In addition, the treadmill velocity at 
which  V·O2max occurs is lower in older than in younger horses
(8 m/s ± 0.4 versus 10 m/s ± 0.7).11 Maximal heart rate
appears to decrease with age.12 The treadmill velocity at
which blood lactate concentrations of 4 mmol/L occur
(indicative of the anaerobic threshold) is lower in older horses
(7.5 m/s ± 0.4 versus 10.2 m/s ± 0.7).11 Unfit, older horses
do not thermoregulate as well as unfit, younger horses
because of aging-related decreases in resting plasma volume
and central cardiac mechanisms.13,14 Unfortunately, the
effects of training on these variables have not been deter-
mined in horses.

Respiratory system

Aging results in several changes in respiratory function in
humans, including lower partial pressures of arterial oxygen
(PaO2) and carbon dioxide (PaCO2) and a higher alveolar to
arterial oxygen gradient (P(A–a)O2).15 Aging results in
similar findings in horses. Older horses tend to have lower
PaO2, PaCO2, and higher P(A–a)O2, and arterial pH values
(Table 56.1).16 A lower PaO2 is reported in older horses
during anesthesia.17 The decrease in the PaCO2 in humans is
thought to be secondary to metabolic acidosis.18 In contrast,
the low PaCO2 and higher pH in older horses may be due to
hyperventilation in order to maintain PaO2.16 The increase in
P(A–a)O2 indicates that older horses have impaired transfer 
of oxygen from alveoli to capillaries.16 The effects of exer-
cise on the respiratory system have not been determined in
older horses.

Demographics of the older
or geriatric athletic horse

The definition of ‘older’ or geriatric horse varies, but 20 years of
age or older has been suggested as a guideline.1 The average
horse is reported to have a life expectancy of 25 years.1 While it
is difficult to determine accurately the number of older or geri-
atric horses, it is estimated that between 10 and 20% of the
horse population is geriatric.1,2 The total horse population in the
USA is estimated to be 5 to 8 million.2 Therefore, there may be
roughly 500 000 to 1.5 million horses in the USA that are con-
sidered older or geriatric. The population of geriatric horses is
likely to have increased over the last several decades. Many of
these older horses perform various athletic activities well into
their twenties.1 Today, horses are valued for companionship
rather than just their ability to compete or perform work. In
addition, modern horse owners are willing to spend more
money on health care and optimal nutritional management.
Consistent with these trends, at one veterinary teaching hospi-
tal in the USA there was a 55% increase in the number of horses
20 years of age or older between 1990 and 1995.3

The effects of aging on the
body systems in horses

Cardiovascular system

It is well documented that aging results in a decrease in
aerobic capacity in humans.4–7 Older human athletes have
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Hematologic and serum chemistry
values

The effects of aging of horses on hematologic and serum chem-
istry values are described in several studies. Older horses have
significantly higher erythrocyte mean cell volume (MCV) and
mean cell hemoglobin (MCH) than do younger horses3,19

(Table 56.1), although none of these values in older horses
exceeded the reference range.3 The increase in MCH is thought
to reflect the large red blood cell size rather than a true increase
in MCH concentration.3 An increase in MCV is also reported in
older humans, and may be associated with decreased serum
folate and vitamin B12 concentrations, as supplementation will
often result in a decrease in the MCV.3 Horses do not have an
absolute dietary requirement for these vitamins because of
their extensive synthesis and absorption from the large intes-
tine. However, older horses may have decreased digestive
capacity, which may limit their ability to produce or absorb
some of these nutrients.20 Total lymphocyte counts are
decreased in geriatric horses when compared with younger
horses (Table 56.1).3 In this particular study, 17% of the geri-
atric horses had lymphocyte counts that were lower than the
established lower limits reference range (1500 cells/�L).3 An
increase in ionized calcium (even with pH correction) is
reported in older horses (Table 56.1).16

Immune system

The age-related decrease in immune function is termed
immunosenescence, and occurs in humans and other
animals.21 Immunosenescence could reflect alterations in the
function of T cells (responsible for cell-mediated responses), 
B cells (responsible for antibody-mediated responses) or non-
specific or innate immunity. It appears that older horses have
decreased immunocompetency.22–24 Older horses infected
with equine viral arteritis develop more severe clinical signs
than do younger horses housed under similar situations.22

The ability of horses to produce antibodies to equine
influenza virus vaccination gradually decreases with age.23

Older horses have a 10-fold lower antibody titer to equine
influenza virus vaccination than do younger horses.24

Older horses have lower lymphocyte numbers (mean ± stan-
dard deviation; 2.2 × 109/L ± 0.81 versus 3.1 ×
109/L ± 1.1) and lower lymphocyte function when compared
with younger horses (Table 56.1).24,25 Total lymphocyte count
and lymphocyte subset cell counts (including T cells, CD4+ and
CD8+ cells, and B cells) decrease with age in horses.25 There is
a significant decrease in the percentage of CD8+ lymphocytes,
and an increase in the ratio of CD4+ to CD8+ lymphocytes in
older horses compared with younger horses (Table 56.1).25 The
increase in CD4:CD8 cell ratio may indicate a pro-inflamma-
tory state in geriatric horses.25 However, serum concentrations
of fibrinogen, an acute phase protein, production of which
increases with inflammation, and albumin, which decreases
with inflammation, are unchanged in older horses.25 Older
horses have a significantly lower lymphoproliferative response
to phytohemagglutinin (PHA), concanavalin A, and pokeweed
mitogens compared with younger horses.24 Serum con-
centrations of IgG, IgG(T), IgM, and IgA do not differ with
age.25

The age-related decline in somatotrophin, or growth
hormone, secretion may at least be partially responsible for
the functional impairment of humoral and cell-mediated
immune responses in older humans.26 Daily administration
of equine somatotrophin results in an increase in total leuko-
cyte numbers in geriatric horses.27 However, only the granu-
locyte counts were increased, not the lymphocyte numbers.27

The effect was transient, and not dose related. Granulocytic
oxidative burst activity was not affected by equine soma-
totrophin administration. However, the lymphoproliferative
response to mitogens (including PHA and pokeweed) was
increased at 2 weeks following cessation of treatment.27

Exercise has been shown to substantially alter cell-mediated
immune responses in younger horses.28 However, even though
older horses have reduced immune function,25 geriatric horses
are more resistant to exercise-induced immune suppression
than younger horses.24 Exercise adversely affects the lympho-
proliferative responses of peripheral blood mononuclear cells of
young horses, but not old horses.24
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Young horses Geriatric horses Reference

pH 7.404 ± 0.005 7.428 ± 0.007* 16
PaO2 (mmHg) 101.7 ± 1.6 90.2 ± 2.2* 16
PaCO2 (mmHg) 43 ± 0.7 41.5 ± 1.0* 16
P(A–a)O2 (mmHg) 7.2 ± 1.7 22.1 ± 2.5* 16
Mean cell volume (MCV) (fL) 47.8 ± 2.2 49.7 ± 2.2* 3
Mean cell volume (MCV) (fL) 43 ± 1 49 ± 2* 19
Mean cell hemoglobin (MHC) (pg) 16.3 ± 0.9 17.1 ± 0.8* 3
Lymphocytes (× 109/L) 3.1 ± 1.1 2.2 ± 0.8* 3
CD4+/CD8+ cell ratio 4.07 ± 1.54 3.30 ± 1.31* 25
Ionized calcium (mEq/L) 3.00 ± 0.02 3.18 ± 0.05* 16
Ionized calcium pH corrected (mEq/L) 2.98 ± 0.03 3.14 ± 0.05* 16

* Significant difference between young and geriatric horses (P < 0.05).

Table 56.1 Arterial blood gas values, hematologic and serum chemistry values (mean ± standard error
or standard deviation) of young and geriatric horses



Endocrine system

Age does not appear to affect endocrine function or values in
normal, older horses at rest.24,29 Plasma renin activity, atrial
natriuretic peptide, arginine vasopressin, aldosterone, and
endothelin-1 concentrations are similar in young and aged
horses.29 Aged horses have similar resting cortisol concentra-
tions to younger horses.24 There are no apparent changes in
oral glucose tolerance, insulin secretion, dexamethasone
suppression tests, or adrenocorticotrophin (ACTH) concen-
trations that can be attributable to age alone.19

Age-related differences in the endocrine responses to exer-
cise do occur in horses. Exercise increases plasma renin activ-
ity, atrial natriuretic peptide, arginine vasopressin, and
aldsosterone, but not endothelin-1 concentrations in both
young and old horses.29 Older horses have a greater exercise-
induced increase in plasma renin activity and aldosterone
concentrations than do younger horses.29 However, older
horses have a smaller exercise-induced increase in atrial
natriuretic peptide and arginine vasopressin concentrations
than do younger horses.29 Younger horses have a greater
exercised-induced increase in cortisol concentrations than do
older horses.29 The significance of these findings are unclear
as all these values are within the reported reference range.29

Somatotrophin’s role in slowing or even reversing the
effects of aging can be documented in younger humans,
where somatotrophin deficiency results in changes in appear-
ance, decreased body mass, decreased immune function, and
other sequelae of aging.30 Chronic administration of soma-
totrophin increases strength and may improve the ‘quality of
life’ in aged humans.30,31 However, somatotrophin adminis-
tration to humans does not affect maximal aerobic capacity
or endurance performance.30–32

The effects of exogenous administration of equine soma-
totrophin to geriatric horses on feed intake, body score, diges-
tion, aerobic capacity, and immunocompetence is reported,
and the results are mixed.29,33,34 Bodyweight, body condition
scores, and feed intake are not affected by administration of
equine somatotrophin to older horses.33,34 However, greater
‘muscle definition’ was reported in one study.33 Daily admin-
istration of equine somatotrophin to older horses may
improve nitrogen balance and fiber digestion.34 Somato-
trophin administration does not affect aerobic capacity
(measured by V·O2max, maximum running velocity, or total run-
ning time) in older horses.33 However, administration of
equine somatotrophin to older horses appears to have a
beneficial immune effect, by increasing the number of gran-
ulocytes, and the lymphoproliferative response to mitogens
following treatment.29

Musculoskeletal system

There is less known about the effects of aging on the skeletal
system in horses. Degenerative joint disease is reported to be
a frequent cause of death in older horses.35 Osteoarthritis is
commonly observed in joints of older horses.36 There is a loss
of biomechanical function of human articular cartilage with

increasing age.36 However, the biochemical characteristics of
the collagen component of equine cartilage are not
influenced by age of the horse.36 The effects of aging, calcium
and phosphorus supplementation, and exercise are investi-
gated in a few studies. Skeletal systems of horses of different
ages respond differently to calcium and phosphorus supple-
mentation.37 Younger horses may have the ability to respond
to inactivity and exercise more quickly than mature or aged
horses.37

The effects of age on muscle in humans are responsible for
a number of physical impairments, such as a decrease in
muscle strength and impaired mobility. The decrease in
muscle function is attributed to a decreased ability to gener-
ate and sustain power output in association with changes in
muscle structure and function.38,39 A decrease in muscle
mass is attributed to a decrease in diameter of the muscle
fiber. The slow (type I) to fast twitch (type II) muscle fiber ratio
appears to increase with age, due to motor unit remolding.40

The effects of age on MHC isoform distribution and activ-
ity of marker enzymes of fuel metabolism in horses have been
addressed in a few studies. In contrast to humans, older
trained horse have a greater percentage of fast myosin heavy
chain (MHC) fibers (type II) than do younger trained
horses.41 Among five age groups of trained horses (the oldest
group ranging in age from 11 to 24 years of age), the oldest
group had a greater percentage of fast MHCs than did
younger horses.42 In contrast, untrained Thoroughbred
horses have an increase in the percentage of type I fibers and
a decrease in type IIb fibers associated with aging.43 However,
the horses only ranged in age from 1 to 6 years in this partic-
ular study and could not be considered old.43 The effects of
age on MHC isoform distribution, activity of marker enzymes
of fuel metabolism, and effect of exercise have not been inves-
tigated in horses.

Equine Cushing’s disease
(pituitary adenoma,
pituitary pars intermedia
dysfunction)

● Equine Cushing’s disease is a common disease in older
horses.

● Clinical signs range from delayed shedding, muscle
wasting, abnormal fat distribution, and laminitis.

● Diagnosis is best based on an overnight dexamethasone
suppression test.

● Dysfunction of the pars intermedia is due to loss of
dopaminergic innervation and increased production of
pro-opiomelanocortin.

● Recommended therapy in most cases is improved 
husbandry.

● Pergolide is the recommended medical treatment in horses
with more severe clinical signs.
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Recognition of the disease

Pituitary pars intermedia dysfunction, also known as equine
Cushing’s disease (ECD), is probably the most common
endocrine disease of geriatric horses. The clinical signs vary
widely, but can result in either loss of use of an athletic
individual or need for humane euthanasia.

History and presenting complaint

Equine Cushing’s disease is recognized in horses, ponies,
and donkeys ranging in age from 12 to 30 years.44–46

Presenting complaints include delayed hair shedding,
weight loss, laminitis, lethargy, hyperhidrosis, polyuria, and
polydipsia.44–46

Physical examination

The majority of horses with ECD have a normal temperature,
heart and respiratory rate. Hair coats can vary from very long
and curly, to only a few longer hairs on the limbs, withers,
thorax, and croup.44 Muscle wasting is often noted by the
‘sway-backed’ or ‘pot-bellied’ appearance of the horse.44

Abnormal fat distribution is often apparent as bulging supra-
orbital fat pads.44 Owners often complain of exercise intoler-
ance, excessive sweating, and lethargy. Immunosuppression
may be recognized by various infections such as sole
abscesses, skin infections, periodontal disease, and sinusitis.46

Laminitis is a serious clinical sign associated with ECD, which
often results in the loss of use of the horse, or even the need
for humane euthanasia. Other clinical signs include delayed
wound healing, infertility, pseudolaction, bilateral blindness,
and seizures.46

Special and laboratory examination

A complete blood count in horses with ECD may reveal a
stress leukogram, characterized by a mature neutrophila and
lymphopenia.46 Abnormalities on the serum chemistry may
include mild increases in serum activity of liver-derived
enzymes (including aspartate aminotransferase, alkaline
phosphatase, sorbitol dehydrogenase, and gamma-glutamyl
transferase).44,46 Between 25% and 75% of horses with ECD
are reported to have hyperglycemia.46 However, Couetil
reports that hyperglycemia occurs in 45% of horses with ECD
and in 33% of normal (control) horses.47 Insulin concentra-
tions are increased in 70% of horses with ECD.48 However,
elevated serum insulin concentrations also occur in horses
that do not have ECD.4

Necropsy examination and diagnostic
conformation

The gold standard for diagnosis of ECD is necropsy and
histopathology.45,49,50 At post-mortem examination there is
usually evidence of pituitary hyperplasia or an adenoma.
The adenoma appears as a firm, lobulated mass several cen-
timeters in diameter on the ventral aspect of the brain.

Visual evidence of compression of the hypothalamus or
optic nerves may be evident.45 Thirteen of 26 horses with
ECD had macroadenomas of the pars intermedia that
replaced most of the pars distalis.49 The adenomas were
sharply delineated without a defined capsule, causing
varying degrees of compression and atrophy of the pars dis-
talis or pars nervosa.45,49

An ante-mortem diagnosis of ECD is most often based on
endocrinologic testing of the pituitary–adrenal axis.50–56

Endocrine function tests of the pituitary–adrenal axis include
the overnight dexamethasone suppression test (DST),50 thy-
rotrophin-releasing hormone stimulation test (TRH stimula-
tion test),51 combined DST/ACTH (adrenocorticotrophin
hormone) stimulation test,50 or DST/TRH stimulation test.54

Other tests reported include measurement of serum
ACTH,53,55,56 insulin,57 and glucose concentrations,57

glucose tolerance tests,57 and resting or serial cortisol con-
centrations.50

The overnight DST has excellent sensitivity and specificity
(100%) when the post-cortisol blood sample is obtained 19 to
20 hours after administration of the dexamethasone.50

Dexamethasone (40 �g/kg) is administered intramuscularly
at 5 p.m. Blood is collected for measurement of plasma corti-
sol concentration, immediately before and 19 hours after
administration of the dexamethasone. Plasma cortisol con-
centrations greater than 1 �g/dL 19 hours after dexametha-
sone concentration are diagnostic of ECD. The DST has been
compared to the gold standard (post-mortem examination) in
both diseased and healthy horses.50 Due to infrequent associ-
ation between corticosteroids and laminitis, and frequent
existence of laminitis in affected horses, some clinicians
prefer to use other tests.51,53,55,56 However, for the majority of
these tests the sensitivity and specificity is unknown.51,55,57

Even the reported sensitivity and specificity should be ques-
tioned, as the presence or absence of the disease was based on
clinical signs of ECD, not post-mortem examination.53–56

Therefore, despite the concerns of inducing laminitis, which
have not been substantiated, the DST is considered to be the
diagnostic test of choice.

One of the earliest diagnostic tests, the TRH stimulation
test, was reported by Beech and Garcia in 1985.51 Plasma
cortisol concentrations 15 to 90 minutes after TRH stimu-
lation, are higher in horses with ECD when compared 
with normal horses.51 In contrast, Eiler et al reported that
TRH stimulation did not result in any significant differences
in plasma cortisol concentration between ECD and normal
horses.54 However, the diagnosis of normal and ECD was
based on clinical signs, not the gold standard (histo-
pathology) in both studies.51,54 Examination of circadian
rhythm in cortisol concentrations, the ACTH stimulation
test, a combined ACTH/DST test did not discriminate
between normal and ECD horses (the diagnosis was
confirmed at necropsy).50

The use of plasma ACTH concentrations for the diagnosis
of ECD was recently reported.53,55,56 The sensitivity ranges
from 82 to 100% and the specificity ranges from 78 to
100%.53,55,56 The majority of the reports based the diagnosis
of disease or control on clinical signs, not post-mortem exam-
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ination.53,55 There are several reported ‘normal’ ranges for
plasma ACTH concentrations (18.68 ± 6.79 pg/mL53 to 30 ±
5 pg/mL56). The ACTH concentrations considered to be diag-
nostic of ECD also range from > 27 pg/mL for ponies,53

> 35 pg/mL,55 > 50 pg/mL for horses,53 and > 55 pg/mL.56

The differences may be due to differences in types of assays
used (chemiluminiscent enzyme immunoassay or radio-
immunodiffusion assay),53,55 differences between ACTH con-
centrations for different breeds (ponies versus horses),53 and
delay in sample processing (plasma ACTH is only stable for 
3 hours in whole blood).53 There is no significant difference in
ACTH concentrations between ‘clinically normal’ older and
younger horses.3 However, the authors noted that ACTH con-
centrations exceeded 100 pg/mL in both groups of the
normal younger and older horses.3

Treatment and prognosis

Therapeutic aims

There is no cure for ECD. Therefore, the therapeutic aims are
to reduce the clinical signs associated with the disease first
through careful management, and in the more severely
affected cases through medical management of the disease.
The most important aspects in dealing with ECD are excellent
basic husbandry and vigilance for any concurrent disease
complications. In mildly affected horses regular dental care,
deworming, regular foot care, responsive nutritional man-
agement, and close attention to clean stable conditions are
generally sufficient. Body clipping may be necessary in some
affected horses in the summer.

Medical therapy is indicated in horses that have persistent
recurrent infections, are hyperglycemic, or develop laminitis.
The goal of the medical therapy is to reduce the production of
pro-opiomelanocortin (POMC)-related peptides that are
responsible for the clinical signs (see ‘Etiology and pathogen-
esis’ section). Use of a dopamine agonist is recommended
based on the fact that loss of dopaminergic innervation of the
pars intermedia results in increased production of POMC-
related peptides. Pergolide and bromocriptine are both long-
acting type 2 dopamine agonists. The low oral bioavailability
of bromocriptine makes it impractical for use on a long-term
basis.58 Therefore, pergolide administered orally is more
frequently used.

Therapy

Cyproheptadine has antihistaminic, anticholinergic, and
antiserotonin effects. Cyproheptadine was initially recom-
mended because serotonin had been shown to be a potent
secretagogue of ACTH in rat pars intermedia tissue.59 The
importance of serotonin in ECD is unknown, as levels within
the pars intermedia do not differ from control horses.60 There
is no basic pharmacokinetic information about this drug in
horses. Anecdotal clinical information indicates that a posi-
tive response to therapy is achieved in 35% of affected
horses.61 Treatment with cyproheptadine in 16 horses with
ECD resulted in improved clinical signs in 75% of the horses,

but plasma ACTH concentrations rarely returned to
normal.52 Cyproheptadine treatment resulted in improve-
ment in the DST or TRH stimulation test in only 1 out of
7 horses.48 The recommended doses vary from 0.25 to
0.5 mg/kg orally,61 0.25 mg/kg twice a day,61 or 0.6 
to 1.2 mg/kg0.75.44,48

Pergolide is the treatment of choice for ECD in horses.
Controlled studies to establish the bioavailability, pharma-
cokinetics, and metabolism of this drug have not been
reported for the horse. Therefore the dose and frequency of
administration is based on anecdotal information. Some
recommended doses are: 0.0017 mg/kg divided in two daily
doses,62 0.25 to 1 mg/horse/day,63 or 0.002 mg/kg once a
day.48 Beech reports an improvement in clinical signs in 
22 out of 25 horses treated with pergolide mesylate after
several weeks of therapy.63 The dose of pergolide was
increased over several weeks, if there was no ‘clinical
response’ to treatment.63 Dybdal reported clinical improve-
ment in more than 25 horses treated with pergolide over a 
1-year period.64 Monitoring of blood glucose concentra-
tions is recommended to determine the dose and response to
pergolide therapy.61 The pergolide dose is increased
0.25 mg to 0.5 mg/day/horse every 4 to 6 weeks until
normal blood glucose concentration is obtained.61 The use
of clinical signs (laminitis and obesity) and hyperglycemia
to initially diagnose and then follow response to therapy
may result in erroneous information.48,65 There is a newly
recognized endocrine disease (termed peripheral Cushing’s
disease) which results in clinical signs (laminitis and
obesity) and laboratory data (hyperglycemia and hyperin-
sulinemia) that are similar to ECD.48,65,66 In these reports
ECD was ruled out based on post-mortem examination, or a
normal DST.48,65,66

Several investigators have attempted to provide more
objective assessment of the effects of pergolide and cyprohep-
tadine for treatment of ECD. A single dose of pergolide
resulted in a decrease in plasma POMC concentrations in a
mare with ECD.67 Unfortunately, measurement of plasma
POMC concentrations is not commercially available at this
time to assess response to therapy. Some investigators recom-
mend repeating the DST to confirm the return of a functional
pituitary–adrenal feedback loop.61 Pergolide treatment
resulted in a normal DST in 2 out of 9 horses with ECD, and
the DST ‘became closer to normal’ in 7 horses after several
months of therapy.62 However, another author reports that
pergolide treatment, in 10 horses, resulted in improvement in
clinical signs, but insulin concentrations, TRH stimulation or
DST test results did not return to normal.44 The data, unfor-
tunately, were not reported.44 It is difficult to critically deter-
mine the effects of therapy, as none of these reports
compared the treated horses with an untreated control
group. There is only one report in which a small group of
control horses were compared with treated horses.48 Horses
with ECD (diagnosed by TRH stimulation or DST) were
treated with cyproheptadine (n = 7), pergolide (n = 20) and
no treatment (n = 5) for 6–12 months.48 Clinical improve-
ment occurred in most of the pergolide-treated group, some
of the cyproheptadine-treated group, but not in the
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untreated control group. The DST or TRH stimulation test
returned to normal in 7 out of 20 horses treated with per-
golide, 1 out of 7 horses treated with cyproheptadine, and 1
out of 5 in the untreated control group.48

Prognosis

There is no published information regarding prognostic
indices for this condition. From clinical experience it would
appear that the prognosis of ECD depends on the clinical
signs. Horses with hyperglycemia, persistent secondary infec-
tions, and laminitis tend to have the worst prognosis.
Laminitis frequently results in the end of the horse’s athletic
career and in most situations progresses to the need for
humane euthanasia. There are no published reports about
progression of the disease. It is unknown if all horses with
ECD will eventually develop the more serious clinical 
signs.

Etiology and pathogenesis

Equine Cushing’s disease has been previously described as a
pars pituitary ademona, but it may be more correctly due to
hyperplasia or dysfunction of the pars intermedia.49,60,67,68

The hyperplasia or dysfunction of the pars intermedia has
been shown to be due to loss of dopaminergic innervation of
the pars intermedia, resulting in increased production of
POMC.46,49,67,68 Post-translational processing of POMC in the
pars intermedia results in increased plasma concentra-
tions of ACTH, �- and �-melanocyte stimulating hormone 
(MSH), corticotrophin-like intermediate peptide (CLIP) and
�-endorphin.49,67,68 Horses with ECD are highly resistant to
glucocorticoid negative feedback inhibition of plasma ACTH
secretion as glucocorticoids inhibit the pars distalis, but not
pars intermedia.67 However, dopamine infusion resulted 
in a decrease in ACTH, �-MSH, CLIP and �-endorphin
concentrations.67,68

The clinical signs of ECD are often attributed to the effects
of ACTH and subsequent cortisol production. Muscle
wasting, laminitis, insulin-resistant hyperglycemia, and
immunosuppression are often attributed to ACTH and loss of
the diurnal variation of cortisol. Polyuria and polydipsia can
be attributed to hyperglycemia or diabetes insipidus. Diabetes
insipidus may be peripheral, due to antagonism of anti-
diuretic hormone (ADH) at the collecting duct, or central and
due to reduced ADH synthesis and/or secretion following
compression of the supraoptic nuclei and infundibulum by
the space-occupying hyperplastic pars intermedia.46 While
plasma concentrations of ACTH are greater in affected
horses, the levels of �-MSH, �-MSH, CLIP and �-endorphin
are disproportionally increased.67 The role of these other hor-
mones in development of the clinical signs of ECD is not 
well understood. It has been proposed that abnormal behav-
ior (such as docility) may be attributable to increased �-
endorphin production.60 Corticotrophin-like intermediate
peptide (CLIP) may be involved in the pathogenesis in hyper-
insulinemia detected in some horses with ECD, as it is known

to be an insulin secretagogue in obese mice.68 The patho-
genesis of the hyperhidrosis and hirsutism is not known, but
may be due to compression of the thermoregulatory center of
the hypothalamus.

Peripheral Cushing’s disease

Recognition of the disease

There is a well-recognized syndrome in middle to older aged
horses characterized by laminitis, obesity, and hyper-
glycemia.65 These horses have previously been identified as
having ‘hypothyroidism’, or being diagnosed with ECD.65,66

However, necropsy examination, thyroid stimulation tests or
overnight DST have failed to confirm these diagnoses.48,65,66

These horses appear to have a disorder in cellular cortisol
metabolism. This syndrome has been termed ‘peripheral
Cushing’s disease’.65 A similar syndrome exists in humans,
which is called central (or visceral) obesity, or the metabolic
syndrome.69,70

History and presenting complaint

Middle to older aged horses may present with a complaint of
obesity and chronic laminitis. The distribution of body fat
involves the neck and gluteal muscles. Geldings may present
for a swollen sheath. Owners frequently complain that it is
difficult to reduce the weight of these horses by diet restric-
tion. Many of these horses have been diagnosed with
‘hypothyroidism’ or even with ECD.

Laboratory examination

A complete blood count and serum chemistry often reveals
hyperglycemia. Elevated insulin concentrations48,65,66 and an
abnormal glucose tolerance test (documenting insulin resist-
ance) are described.65 These horses will often have low circu-
lating concentrations of thyroid hormone.65 However,
thyroid-stimulating tests fail to support the diagnosis of
hypothyroidism.65 Moreover, experimentally induced hypo-
thyroidism does not produce horses with obesity and lamini-
tis. Confirmatory testing for ECD, using either a DST or TRH
stimulation test, is normal in these horses.48,65,66

Necropsy examination

Necropsy examination fails to reveal pars intermedia hyper-
plasia or adrenal gland pathology in horses with peripheral
Cushing’s disease.65,66

Diagnostic confirmation

The diagnostic confirmation of peripheral Cushing’s disease
at present is recognition of clinical signs and laboratory data,
and ruling out of either ECD or hypothyroidism.48,65,66
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Treatment and prognosis

Therapeutic aims

At the present there is no specific treatment for peripheral
Cushing’s syndrome in horses. Therapeutic aims are to
reduce the clinical signs associated with the disease by man-
agement. Exercise may help improve glucose tolerance 
and insulin function. Laminitis should be treated as neces-
sary. Dietary supplement with chromium (5 mg/day) 
may improve peripheral insulin function and glucose 
tolerance.65,71

Prognosis

There are no published reports on prognosis of this syndrome
in horses.

Epidemiology and pathogenesis

The exact etiology of peripheral Cushing’s disease in horses is
unknown, but it is proposed these horses have a disorder in
cellular cortisol metabolism similar to the human syn-
drome.48,65 Central obesity or the metabolic syndrome in
humans is associated with hypertension, dyslipidemia, dia-
betes, accumulation of intra-abdominal (visceral) rather
than subcutaneous fat, and premature death.69,70 There is an
increase in the 24-hour cortisol production, but circulating
basal cortisol concentrations and a DST are normal in these
patients.69 Corticosteroid action is in part regulated by 11�-
hydroxysteroid dehydrogenase type 1 (11�-HSD1) which
converts active cortisol to inactive cortisone.69 Adipose
stromal cells from omental fat, but not subcutaneous fat, can
generate active cortisol from inactive cortisone.69 In addition,
the expression of 11�-HSD1 in adipose fat is further
increased after exposure to cortisol and insulin.69 Johnson
and Ganjam report that horses with peripheral Cushing’s
syndrome have increased blood pressure, insulin resistance,
and hyperlipidemia.65 Other clinical signs in horses include
abnormal fat deposits, reduced fertility, laminitis, and
difficulty in losing weight.48,65 The lowered circulating
thyroid hormone levels may be due to elevated cortisol pro-
duction that can lead to inhibition of the thyroid-stimulating
hormone (TSH) produced by the pituitary gland.65
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In addition to aiding in the prevention of devastating and
life-threatening diseases, vaccination programs for equine
athletes should be directed towards the prevention of diseases
known to have significant adverse effects upon athletic per
formance. The emphasis should be on those diseases that
place individual or group performance at substantial risk.
Wherever possible, decisions on vaccination and its timing
should be based on published data, such as reports of vaccine
safety, efficacyand duration of immunity as well as current
disease surveillance data. In those cases where the data
required for evidence-based decisions are not available, deci
sions on vaccination must be taken based on expert, practi
tioner and client experience, opinions and objectives. Steady
improvement in the effectiveness of these decisions can be
achieved through the application of knowledge gained
through ongoing vaccine and epidemiologic research.

Reaching the best decisions on the vaccination of the
equine athlete requires knowledge of the timing and circum
stance of significant risk of disease. Our incomplete under
standing of the epidemiology, pathogenesis and immunology
of all infectious diseases, combined with limited information
about the efficacyand duration of immunity of existing vac
cines, makes this a challenging process. This is further com
plicated by the highly variable response of individual horses
to all vaccines. Nonetheless, if used strategically, some vac-

cines are capable of reducing the risk and severity of disease
at both the individual and herd or group levels.

Currently, many vaccines are marketed for use in horses in
North America. Most are multivalent, designed to meet a
market that wishes to provide wide and convenient protec
tion against a broad spectrum of diseases. Generally, the
intent is to achieve this through yearly vaccination following
an initial prime and boost series. In reality, however, it is
difficultto stimulate a serviceable immunity against most dis
eases, particularly the important contagious diseases, that
will last for more than 6 months. In fact, the desire to provide
protection against several diseases with a single, yearly.
administration puts unrealistic expectations upon all current
multivalent vaccines. Vaccination programs in all horses,
including the athletic horse, could be much improved
through acceptance of reasonable expectations for their role
in the prevention of disease and by accommodating these
limitations in the design of disease prevention programs.

The wide array of equine vaccines currently on the market
in North America has resulted in considerableconfusion in our
attempts to develop appropriate vaccination programs.
However, this process can be simplified by limiting considera
tion to those diseasesthat pose real and significant risk and for
which we possessvaccines of known efficacy. The logicof this
approach is supported by the recognition that vaccination is
never completely without risk and can, in some situations, be
completely without benefit. Vaccination on the sole premise
that it 'might do some good' may providepsychological support
for horse owners and veterinarians but it is unlikely to benefit
the horse. Designing programs without due attention to the
requirements and claims of the manufacturer as well as the
cost, benefit and risks of vaccination may lead to procedures
that are either oversimplified and ineffective (e.g. one multiva
lent vaccine per year) or unduly complexand expensive.

Each of the major infectious diseases of the athletic
horse along with preventive strategies, including vaccina
tion, are described in other chapters of this book. Taken one
by one, developing an appropriate vaccination strategy
should be fairly straightforward, especially when we have
some data upon the epidemiology of the disease (circum
stance and timing of significant risk), vaccine efficacy,
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Table 57.1 Vaccination against common diseases of horses

Disease Agent Vaccine Program Vaccination Justification/commenta

rate69

Influenza Equine 63% High prevalence, predictable periods o( risk,
influenza herd immunity critical in preventing
virus A2 outbreaks o( disease

Killed Prime and boost, then every Efficacious (European vaccines)
6 months or 2 weeks
prior to risk

Modified-live Every 6 months or 2 weeks Efficacious (North America)
(intranasal) prior to risk

ISCOM Prime and boost, then every Efficacious (European vaccine)
6 months or 2 weeks
prior to risk

Equine EHV1,2 No commercial 43% Limited - prevalence o( EHVrespiratory
herpes and 4 vaccine against disease is not known
virus EHV2

Killed (EHV1 Prime and boost followed Efficacious (European vaccines)
and 4) by revaccination every

6 months
Modified-live Prime and boost followed No published data on efficacy

(EHV1 and 4) by revaccination every
6 months

Strangles Streptococcus 13% Limited - equine athletes not usually at high
equi risk

M protein

t
Prime and boost and then Efficacy demonstrated in challenge and

every 6 months or field trials
2 weeks prior to risk

Live attenuated Challenge data not published
(intranasal)

Tetanus Clostridium Tetanus toxoid Prime and boost and yearly 70% Clinical disease tends to be severe with a high
tetani revaccination and/or at case (atality rate

time of deep wound or No published efficacy in horses
surgery

Rabies Rabies virus Killed Prime and boost and yearly 24% Fatal disease
revaccination or prior to No published efficacy in horses
risk

Viral EEE Killed Prime and boost and yearly 63% High disease prevalence in some regions -
encephalitis or 6-monthly revaccination high case (atality rate

)
No published efficacy data

WEE Killed Prime and boost and yearly Traditional in areas where disease is or has
revaccination prior to risk been prevalent

No published efficacy data
West Nile Killed n/a High incidence in endemic regions -

prolonged treatment and high case-(atality
rate
Results of challenge trials not published

EPM Sarcocystis Killed Prime and boost and yearly n/a High prevalence in endemic regions,
neurona revaccination potentially devastating disease. Treatment

prolonged and expensive
No published efficacy data - multicenter
trial in progress

EVA EVA virus Modified-live Prime and boost and yearly 1.8% Limited - lowprevalence o( clinical disease
revaccination Published efficacy data

Potomac Neorickettsia Killed Prime and boost and yearly 18% Acute severe disease with high complication
horse fever risticii revaccination prior to rate and cost o( treatment

(formerly known period of risk Published evidence suggests vaccines are
Ehrlichia risticii) not effective

a Logically, only vaccines for whichthere is published evidence of efficacy are likely to provide benefit to the equine athlete and then only when those animals
are at significant risk (see justification/comment).
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safety and duration of immunity. The real challenge is how
to combine these various strategies into a program that will
provide real benefit to horse and owner.

The followingparagraphs cover diseases of potential impor
tance for the equine athlete for which vaccines are available
(Table 57.1). The focus of the material is principally upon
North America but the general approach to the assessment
and use of vaccines is meant to be applicable on an interna
tional scale. This chapter is based upon the premise that there
is no such thing as a fullyeffective 'one size fits all' vaccination.
program for the equine athlete. In each case, the costs, risks
and the benefits of vaccination must be carefully considered
with both the individual animal and the group in mind. Clearly,
the combined effectof all of the factors involvedin the effective
use of vaccines will change over time. The unique and critical
role of the veterinary practitioner in this process is not the
physical delivery of vaccine to the animal but the careful and
considered monitoring of each situation and the ability to
make informed, effective program modifications as conditions
change and new information becomes available.

Influenza

Influenza is the most commonly diagnosed infectious disease
of horses against which vaccination is currently possible.
Outbreaks among large groups of young equine athletes, par
ticularly race horses, occur regularly and such populations
are frequently and predictably at risk.1-12 More is known
about the epidemiology, diagnosis, strategies for prevention,
utility of vaccination, efficacy of the vaccines and the effec
tiveness of vaccine strategies in the control of equine
influenza than any other disease of the horse. Efficacious
killed and immunostimulating complex (ISCOM) vaccines are
marketed in the European Community'<P and an effica
cious, cold-adapted, temperature-sensitive, modified live,
intranasal vaccine is marketed in North America.l'<!" Based
on current published reports, all these types of vaccines
reduce rates of infection, amounts of virus shed and rates of
clinical disease among individuals and within groups of
animals for at least 6 months. A number of killed influenza
vaccines are also marketed in North America. Although
these vaccines may be useful. neither the manufacturers nor
independent investigators have published data demonstra
ting their efficacy.

Prevention of influenza outbreaks is dependent upon
appropriate control measures including regular and constant
surveillance, use of rapid, point of care diagnostic tests,3,20-22
national and international disease surveillance and the insti
tution of effective vaccination programs at the level of the
individual and the group.2,4,6,23,24 The principal reason for
occurrence of regular outbreaks of influenza in North
America and elsewhere is almost certainly the failure to apply
existing knowledge about this disease andits prevention. At
most large facilities, particularly racetracks, the risk factors
for disease outbreaks and the likely time of their occurrence
are reasonably well understood. For example, a 3-year study

at a racetrack where few precautions were taken to prevent
introduction or spread of disease showed that outbreaks of
influenza occurred once each year, in the middle of the racing
season, when the horse population at the track was near its
maximum.:" According to the results of another study,
movement of weanlings, not vaccinated within the previous
6 months, from the sales ring into racing yards in Newmarket
resulted in outbreaks of influenza in those yards."

Co-mingling of young equine athletes significantly
increases the risk of outbreaks of influenza. Often, this occurs
in controlled environments where preventive strategies could
be instituted with little difficulty. All horses entering an ath
letic venue should have received a vaccine of published
efficacywithin the previous 6 months. In doing so, the risk of
disease in the individual and more importantly, among the
group of animals comingling in the environment, will be
reduced. Horses that exceed this 6-month limit while resident
in the environment should be revaccinated. The risk of
adverse responses to these vaccines is small and the potential
benefit to the population of this regime is large.

Perfect protection of individual animals followingvaccina
tion cannot be expected. Response to vaccination and dura
tion of immunity among individual animals is varied and
unpredictable following the administration of even the most
effective vaccines. For this reason, vaccination must be com
bined with other strategies, including regular surveillance of
the population, rapid diagnosis of disease, quarantine or
removal of affected animals from the group and revaccina
tion of the group at the first sign of an outbreak. Finally, any
outbreaks that do occur should be properly documented. A
plan should be in place for collection of the appropriate data
needed to determine the cause and chart the course of any
significant outbreak of disease.

Equine herpesvirus

Experimental infection of susceptible horses with equine her
pesvirus 1, 2 or 4 ,results in typical signs of respiratory tract
infection; malaise, fever, cough and nasal discharge.26-37

Vaccination prior to experimental challenge can reduce the
occurrence and severity of clinical signs and the amount of
virus shed, but does not prevent viremia or persistent infec
tion. 30,33,38-42 There is good evidence to show that most
horses become infected with these viruses by the time they
are weaned 43,44 and should therefore be capable of recurrent
viral recrudescence and shedding for the rest of their lives. It
is not known if any vaccination is capable of influencing
either EHV infection or recrudescence.

Although it is commonly held that EHVI and EHV4 are
important causes of respiratory disease among equine ath
letes, particularly young race horses, there are no published
studies to show that this is true. Although there is evidence of
seroconversion of horses to both EHVI and EHV4 during the
course of racing seasons,45-49 there are no descriptions of
outbreaks of EHV respiratory disease that followan epidemic
curve typical of a contagious disease. In all published
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longitudinal epidemiologic studies, seroconversions to EHV
occurred sporadically and in some cases were clearly associ
ated with concurrent equine influenza infections.45,50,51

Clearly, until more information upon the epidemiology of
EHV respiratory disease and the efficacy the EHV vaccines
becomes available it will prove difficult to provide clear
recommendations on the use of vaccination against these
diseases. At the present time, most of these vaccines are
marketed as a component of a multivalent vaccine, often in
combination with influenza antigens. Certainly there is no
evidence that these vaccine combinations are harmful, but
there may be no benefit in selecting multivalent respiratory
vaccines based upon the EHVantigens they contain.

Strangles (Streptococcus
equi infections)

Under most circumstances, equine athletes should not be at
high risk of developing clinical signs of strangles. Classical
outbreaks were first described in army remounts.51,52 More
recent epidemics have involved brood mare farms, 53-58 rescue
farms, 59 groups of experimental animals,60,61 horse feed
lots62 and riding stables'" but there are no recent reports of
strangles outbreaks among groups of equine athletes.

Horses suffering from classical strangles are easily
identified. The signs are welllmown to all veterinarians and
most knowledgeable horse owners and trainers. The
identification of non-clinical carriers does provide a chal
lenge but more sensitive methods for detecting these animals
are being developed. The key to prevention and control of
strangles rests with the early identification of both clinically
diseased and non-clinical carrier animals and the institution
of appropriate control procedures including appropriate
quarantine and sanitation procedures.v' Using this approach
it should be possible to limit or prevent direct contact between
infected animals and susceptible equine athletes.

There is reasonable experimental and field trial data to
show that the use of intramuscular vaccines containing the
M protein of Streptococcus equi64 ,65 or submucosal injection of
a live attenuated vacclne'" will reduce both the occurrence
and severity of clinical signs of disease. However, because
strangles in equine athletes is uncommon, the rate of vacci
nation among these animals is low. As well, the strangles
vaccines have been dogged by the perception that severe
local reactions may occur following their use, even though
published safety data show that these reactions may be
infrequent.65

Useof the live, attenuated intranasal strangles vaccine has
been associated with some reports of abscess formation at the
site of other injections given on the same day as well as
reports of classical disease from which the vaccine strain of
the organism has been Isolated.v? Importantly, although the
manufacturer has conducted experimental challenge trials of
this vaccine, none of the details of these studies have been
presented in peer review publications.

Increasing knowledge about the pathogenesis and epi
demiology of equine strangles and the development and
testing of control procedures based upon identification of
non-clinical carriers, sanitation and quarantine may result
in decreased urgency to develop safe and efficacious vaccines
against this disease. Based on our current understanding,
there appears to be no clear justification for vaccination of
equine athletes against strangles unless it is known that these
horses are- likely to be placed at high risk of exposure and
disease. At best, current vaccines reduce the rate and severity
of clinical disease in vaccinated animals by approximately
50%.65,68 Under most circumstances, instituting other pre
ventive procedures should provide a higher likelihood of
success in the prevention and containment of outbreaks of
this disease among equine athletes.

Equine rabies

Rabies is a rare but fatal disease of horses. The National
Animal Health Monitoring Scheme (NAHMS) surveys?
reports that approximately 25% of horses in the USA over
12 months of age are vaccinated annually against this
disease. Despite a widespread conviction that the equine
rabies vaccines are highly efficacious, as well as verbal and
written assurances from the vaccine industry and regulatory
authorities, the only published information upon the efficacy
of rabies vaccination in horses relates to instances when vac
cinated animals developed the disease. 70,71 Assuming that
successful challenge trials have been conducted, it is highly
regrettable that there are no published data on the serologic
or protective response of horses to the vaccines presently on
the market. Paradoxically, the use of rabies immunoglobulin,
including equine rabies immunoglobulin, is considered an
essential component of post-exposure treatment in people
and there are published field trials demonstrating the efficacy
of this procedure.P>" This appears to provide clear evi
dence that protecting horses through vaccination should be
possible.

The duration of immunity following administration of an
efficacious vaccine against equine rabies will vary among
individual animals but based on data from humans and
other animals, it should exceed 12 months. Assuming a
close correlation between serologic status and protection
against this disease, those seriously interested in preventing
equine rabies might be advised to focus some of their
efforts upon developing a commercially available serologic
test for protective antibody in horses. Knowing whether or
not individual horses possess protective concentrations
of serum antibody would be extremely useful. If vaccines
were administered on this basis, the rate of revaccination
would probably be reduced and it would soon become evident
which vaccines on the market gave the best response. The
cost of such a service might prove comparable to the
cost of annual vaccination programs, and would be more
useful.
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Tetanus

Like rabies, equine tetanus is a rare disease, even amongst
horses that have not been vaccinated. Tetanus toxoid is the
most commonly used vaccine in horses 12 months of age and
older. In North America, approximately 70% of horses in this
age range are vaccinated on an annual basis.v? To be judged
satisfactory by the United States Department of Agriculture,
Center for Biologics, tetanus vaccines must provide a sero
logic response in guinea pigs that is at least four times higher
than that thought necessary to protect them against a
natural challenge.

Experimental challenges showing protection following
vaccination of horses have been reported'? but these studies
were not conducted using commercial vaccines. There is no
published information upon the magnitude or duration of
serologic response or protection against toxin challenge
among horses vaccinated with any of the tetanus toxoids
currently marketed in North America. Equine tetanus has
been reported among vaccinated ammals'" although these
animals were less likely to die than non-vaccinates.

The decline in the incidence of equine tetanus since vacci
nation became common practice and the fact that equine
tetanus antitoxin is effectivein the treatment of the disease in
people79- 81 has naturally led to the conclusion that most, if
not all, of the current tetanus toxoid vaccines are effective.
Arguably, some of the decline in incidence of the disease may
be related to other factors, including improvements in
general husbandry practices and methods of wound man
agement, including the common use of antibiotics.

The duration of immunity following vaccination with any
of the currently marketed toxoids is not known. There is some
evidence to suggest that it is likely to exceed 1 year-" and
perhaps be as long as 8.77 Data on the serologic status of vac
cinated and unvaccinated horses of different ages and an
assessment of variation among the different vaccines would
be very useful in helping us refine current vaccination pro
grams. Until this information becomes available, the practice
of yearly vaccination of horses, following an initial prime and
boost vaccination, will continue to be standard practice for
equine athletes.

Eastern and western equine
encephalomyelitis

There is little information on the efficacyof the eastern (EEE)
and western equine encephalomyelitis (WEE) vaccines.
Virtually every manufacturer of equine vaccines in North
America produces at least one vaccine against equine
encephalomyelitis and most textbooks and articles on the pre
vention of these diseases claim that vaccination is key.
However,there are no results from well-designed challenge or
even serologic studies to support this claim.

Eastern equine encephalomyelitis is prevalent in the south
and east of North America, particularly the southern USA.
The case fatality rate is high. Until the critical challenge
experiments, field trials, outbreak or case control studies
are done to assess vaccine efficacy, it is likely that horses in
endemic regions, or traveling to them, will continue to receive
vaccine once or twice each year.

Clarifying the impact of vaccination upon the occurrence
of western equine encephalomyelitis will likely prove even
more difficult than it will for EEE. Appropriate challenge
models have not been published so experimental studies upon
which to gauge the potential efficacy of existing vaccines
cannot be performed. Similar to EEE, vaccination programs
against this disease have become ingrained in our disease pre
vention strategies. The practice of annual WEE vaccination
prior to the mosquito season continues in regions 'of North
America where extensive surveillance programs have not
detected the presence of virus or disease for over 20 years. At
this time, there appears to be no evidence to suggest that
routine vaccination against this disease is providing any
benefit to equine athletes.

West Nile virus

At the time of preparation of this book, West Nile virus was
spreading rapidly across North America and resulting in
alarming numbers of clinical cases.and subsequent death of
horses in both the USA and Canada. There is tremendous
public concern regarding this disease and because it is a
zoonosis, there are large-scale programs in place to track the
spread of the virus. These data are important to the pre
vention of the disease in horses as they permit realistic
assessment of risk of exposure of horses maintained or tra
veling in different regions. The first and probably the most
effective strategy for prevention is related to decreasing
exposure of horses to the mosquito vector. This is accom
plished through programs to reduce or eliminate sources of
standing water in areas where horses are kept, spraying the
environment, stabling horses in screened facilities, and the
application of insect repellents to horses.

In response to this crisis in North America, a commercial
vaccine has been licensed for use in the USA and Canada.
Experimental challenges of susceptible horses with live virus
have not resulted in clinical signs of disease but have caused
infection and detectable viremia. At least two challenge
studies assessing the ability of the vaccine to prevent viremia
and a field safety trial have been conducted by the manufac
turer. The full results of these studies have not yet been pub
lished but reports from the manufacturer state that local
reactions to the vaccine are mild and uncommon and that in
comparison to controls, vaccinated animals experienced a
significant decrease in the occurrence of viremia in both
studies.

It may be some time before accurate estimates can be made
regarding the benefit of vaccination of athletic horses against
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this disease. There is an urgent need to conduct both retro
spective and prospective studies aimed at providing accurate
estimates of the rate of clinical signs of disease among herds
of horses maintained under various levelsof risk of exposure.
Due to the circumstances of their general care and manage
ment, equine athletes should be at or near the lowest risk of
exposure and disease. However, until more is known about
the vaccine and the current epidemic, vaccination of valu
able animals will be a common practice. Hopefully, veterinary
practitioners and scientists will seize the opportunity to study
this disease and the effectiveness of control procedures
throughout the present epidemic. With careful assessment of
the evidence, vaccination programs should not become fully
entrenched without the data to support this practice.

Equine protozoal myelitis

Equine protozoal myelitis (EPM) is an infectious disease of
horses requiring prolonged and expensive treatment.
Serologic studies show high prevalence of infection in
endemic regions and although almost certainly overdiag
nosed, the incidence of this disease is much greater than the
combined incidence of rabies and tetanus. Equine athletes
are at risk in endemic regions through contamination of
their feed. A killed vaccine has been provisionally licensed
and marketed in the USAand Canada. The efficacy of vacci
nation is currently under study through a large-scale multi
center study. Research is also proceeding on the development
of an experimental challenge model. There seems to be a rea
sonable prospect that published results will one day become
available, providing the critical data upon which informed
decisions on vaccination can be made. In the mean time, the
decision whether or not to vaccinate will be made on a case
by-case basis by individual owners and their veterinarians.

Equine viral arteritis

Infection with equine viral arteritis (EVA) virus may be fol
lowed by clinical signs of respiratory disease. EVA should be
included in the differential diagnosis of viral respiratory
disease, particularly when combined with evidence of vas
culitis (subcutaneous edema, petechial hemorrhages and
thrombocytopenia). Occasional outbreaks of the disease may
occur in athletic antmalss- but most infections are subclini
cal. Serologic surveys performed in a number of countries
have generally shown relatively low numbers of seropositive
horses, particularly among equine athletes. 83-88 Vaccination
with a modified livevaccine is followedby seroconversion and
one challenge study provides evidence of protection against
clinical signs of disease.f? However, given the infrequency of
outbreaks of clinical disease, routine vaccination of equine
athletes should not be recommended. Vaccination should
be considered for stallions destined to become breeding

animals."? However, antibody responses stimulated by com
mercial vaccines cannot be distinguished from natural infec
tion with the virus. This is relevant to management of the
equine athlete, as some countries do not permit importation
of seropositive animals.

Potomac horse fever

Infections caused by Neoricketisia risticii (Ehrlichia risticii)
are capable of causing acute endotoxemia, colic, diarrhea
and hypoproteinemia in horses. Laminitis is a common and
sometimes fatal complication.

Although the epidemiology of the disease has not been
completely described, substantial progress has been made
in understanding the seasonality, distribution and modes
of transmission. All published evidence indicates that
the disease is not contagious. Infection follows ingestion of
infected snail metacercariae. Regions and farms of high pre
valence have been identified and equine athletes traveling to
or kept in these regions are logically at some risk of infection
and disease, particularly when kept at pasture.

Several killed vaccines against N. risticii are marketed in
the USAand Canada. Data from an experimental challenge of
one of these vaccines showed a significant decrease in disease
among vaccinates as compared with control animals."!
However, subsequent studies failed to demonstrate field
efficacy.92,93

Efforts aimed at limiting disease and fatalities directly
related to infection with N. risticii should include close atten
tion to limiting exposure, careful monitoring of animals in
endemic regions and prompt diagnosis and treatment of indi
viduals developing signs of disease. In the face of question
able evidence of vaccine efficacy, the decision to initiate a
program will depend on the experience, judgment and opin
ions of individual horse owners and their veterinarians. If
vaccination is effective, the duration of immunity would not
be expected to exceed 6 months. If horses are to be vac
cinated, the initial prime-boost strategy should be completed
shortly before the onset of the expected period of risk and
followedby similar timing of annual revaccination.

However well reasoned the above approach may turn out
to be, it is clear that further studies should be conducted to
test these and other logical strategies. Horse owners and vet
erinary practitioners should encourage vaccine manufactur
ers, research scientists and regulatory agencies to perform
more studies aimed at developing a better understanding of
the prevention and control of this disease.

Summary

Vaccination programs for all horses, athletes included,
should be based upon an understanding of the risk of disease,
vaccine efficacy, the concepts of herd immunity, duration of
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immunity, variation in response to vaccination among vac
cines and among horses and a cost-benefit analysis. There is
no doubt that veterinarians wishing to design vaccination
programs for equine athletes are hampered in their efforts
due to lack of adequate information upon which to base
many of their decisions. However, this situation is improving.
Regulatory authorities are gradually refining and increasing
their demands for relevant efficacydata during the process of
vaccine registration and there are many individuals within
the vaccine industry seeking to meet or exceed these require
ments. Veterinarians and educators have a critical role to
play in this process. We must do a better job of teaching
and understanding the principles of vaccinology and the
strengths and limitations of vaccination as a method of
disease control. Practicing veterinarians should be more
insistent upon obtaining relevant data on the efficacy, dura
tion of immunity and safety of the vaccines that they recom
mend and use. The effectiveness of all equine vaccination
programs could be substantially improved through more
appropriate use of vaccines based on the rigorous application
of current knowledge; through realistic assessment of risk,
efficacy, costs and benefits of vaccination; and by making
sure that all reasonable, alternate strategies of disease pre
vention are used in combination with vaccination.
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hosting an event. Extreme measures would be warranted for
the sponsors of an international event where horses could be
carriers of foreign diseases.

The reader must be cognizant of additional differences
between programs designed for all residents of a large train-
ing facility as compared to programs for individual horses
while traveling off-premises to events. Both styles of control
program must be based on rational expectations of manage-
ment practices and antiparasitic compounds, coupled with a
rational list of the anticipated parasites that need to be con-
trolled. As a brief example, a trainer traveling with a small
number of performance horses to an international event
could employ a labor-intensive and costly preventive program
that would be unreasonable to implement for all the residents
of a large training facility where residents are exposed only to
a local parasite fauna. The traveling horse will usually be
stabled, which greatly reduces exposure to parasites ingested
on pasture. The residents of a training facility may graze
significantly or recreationally; thus the focus shifts to protec-
tion of the pastures from heavy contamination through a
comprehensive, herd deworming program.

Although parasitism is undesirable because it can drain
nutrients and energy otherwise applied to growth or per-
formance, a parasite-free horse is an anomaly and is not 
a realistic goal of a parasite control program. Many of
the equine parasites are prevalent worldwide, so exposure 
to infective stages should be viewed as inevitable unless 
the horse remains in a very controlled environment. 
Horses should develop an acquired resistance to the 
normal, anticipated spectrum of equine parasites (ascarids
and cyathostomes as examples), through controlled 
exposure.1–3 Anthelmintic programs are intended to manage
these parasitic diseases, not eliminate them completely.

In contrast to the anticipated spectrum of gastrointestinal
parasites, there are regional or sporadic infections for which
no immunity would be expected to develop. For these, a pre-
vention program is desirable and rational, but not always
possible. Many viral, bacterial, rickettsial and protozoal dis-
eases are transmitted by biting arthropods; thus an ectopara-
site control program would become the front-line of defense
against exposure. This type of prevention program should be

Introduction and background

Parasite control programs for performance horses will differ
from those for pleasure horses in two principal areas: they
will differ in intensity by virtue of the need to maximize the
performance horse’s athletic abilities, and could shift in scope
of parasite targets because travel to events may expose a per-
formance horse to a wider spectrum of parasitic infections
than encountered by a sedentary horse. These may be
ectoparasites serving as vectors for bacterial and viral
pathogens; thus avoidance of the disease is predicated on the
parasite control program.

This chapter will begin with coverage of three universally
prevalent equine gastrointestinal parasites that define the
most important concepts of anthelmintic control programs.
Control of all other gastrointestinal parasites of horses will be
achievable within a framework to control these three para-
sites. Parascaris equorum is an age-related nematode problem
and defines the need to treat prophylactically at regular inter-
vals related to its life cycle. The strongyles, both large and
small, are the principal nematode targets of equine parasite
control programs worldwide. Anoplocephala perfoliata is a
common cestode of Equidae worldwide and is susceptible to a
limited spectrum of available drugs, thus defining the need to
understand how to shift drug choices when necessary.

This chapter will then address ectoparasites and their
control, which include management or husbandry practices
coupled with a few chemicals having a broad spectrum of
activity. The intensity of the ectoparasite control program is
based on the importance of the potential transmission. All
permanent equine facilities should employ ectoparasite
control programs, but the intensity would increase when

Parasite control for the athletic
horse
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applied while horses are traveling to events even if these
potential diseases are not endemic in that area because there
is a chance that another competitor is a carrier.

Our understanding of the relative contribution to equine
disease by gastrointestinal parasites has evolved since the
advent of the macrocyclic lactones (ML) during the early
1980s. Strongylus vulgaris is the cause of verminous arteritis
or thromboembolic colic,4 thus the most pathogenic of the
horse parasites, but S. vulgaris has been tremendously
reduced in prevalence through regular use of ivermectin.1

Without S. vulgaris to shoulder the blame for the incidence of
colic, we learned of the contribution by the small strongyles
or Cyathostominae, previously considered of minimal patho-
genicity.5,6 Widespread benzimidazole resistance of the
cyathostomes7,8 led to reliance on ivermectin as the backbone
of anthelmintic control programs. Ivermectin and the entire
class of macrocyclic lactones have no activity against tape-
worms, and Anoplocephala perfoliata is the most important
tapeworm of equids. In identical fashion as seen with the
cyathostomes, A. perfoliata was dismissed as insignificant
until the evidence became undeniable.9,10 As history has
demonstrated, our perception of the important equine para-
sites has been influenced tremendously by the activity of our
anthelmintics. Control programs must be designed to target
the parasites of importance and shift the choice of
anthelmintic as appropriate.

Gastrointestinal parasitic
diseases

Parascaris equorum

Parascaris equorum is a common and important parasite of
foals, weanlings and yearlings before they can be considered
true performance horses, but ineffective control of this infec-
tion can result in damage during the growth phase with
ramifications for later performance.

Infection and pathogenesis

Ingested ascarid eggs hatch in the small intestine where the
larvae penetrate the wall. Their migration follows the path of
least resistance because the larvae are swept by the venous
blood flow through the portal system to the liver. The larvae
are trapped first in the liver and migrate within the
parenchyma for several days before reaching vessels that
carry them into the caudal vena cava to the heart, then to the
lungs. Clinical signs stemming from migration through the
liver may be more vague than those of pulmonary migration.

Following passage through the liver, the pulmonary capil-
lary beds next trap the larvae. Most P. equorum larvae find
their way through the thin walls of the alveoli into the
lumen. Parascaris equorum can cause an eosinophilic pneu-
monitis with ramifications on pulmonary function that
extend beyond the duration of larval migration.11,12

Pulmonary changes can range from a mild cough to bacterial
pneumonia accompanied by a purulent nasal discharge,
typically bilateral. A peripheral neutrophilia or eosinophilia is
often observed on a complete blood count (CBC).11,12

Ascarid larvae in the lungs are coughed up the trachea to
the pharynx and swallowed. Larvae arrive in the small intes-
tine measuring just millimeters in length, but grow eventu-
ally as long as 50 centimeters when mature. Their contact
with the mucosal surface leads to truncation and thickening
of the villi and alteration of the cellular components of the
mucosal lining. These changes reduce digestion and absorp-
tion of nutrients. Large masses of ascarid larvae and adults
can lead to impactions and intussusceptions when ascarids
develop unchecked by regular anthelmintic administration.13

Diagnosis

During the prepatent, migratory phase, diagnosis of
P. equorum infections is problematic because confirmation by
a fecal examination is not possible for at least 70 days after
infection. A provisional diagnosis can be made based on the
age and associated clinical signs. Clinical chemistry changes
associated with liver damage include elevated serum activity
of aspartate transaminase (AST), but this enzyme is not
specific for liver damage. Serum activity of sorbitol dehydro-
genase (SDH) and gamma-glutamyl transaminase (GGT) are
likely to be elevated secondary to the hepatic damage by the
larvae, and are more specific for liver involvement. For diag-
nosis of patent infections by a fecal examination, both passive
flotations and centrifugation techniques are effective, but
centrifugation techniques are more sensitive. The eggs will be
characteristic of ascarids: thick-shelled, brown in color,
usually with a proteinaceous coating, and will measure
90–100 �m in diameter.

Treatment and control

Treatment and control of P. equorum infections should be
achievable with the benzimidazoles, pyrantel salts or piper-
azine. A recent report from Europe indicates that P. equorum
populations have developed resistance to both ivermectin and
moxidectin.14 Published reports of this resistance have not
yet been made from other regions of the world, but recent
personal experience in North America with several yearlings
carrying patent infections of P. equorum included a recent
history of ivermectin treatments. These experiences are
indicative that the macrocyclic lactone class is no longer reli-
able for P. equorum treatment or control. Clinicians are
advised to perform follow-up fecal examinations at 14 days
after treatment to verify success or failure.

A major consideration in choice of anthelmintic is the
absorption from the intestine for systemic activity against
migrating larvae. Pyrantel pamoate and fenbendazole have
limited absorption, so would not be the first choice for target-
ing the migratory larval stages in either the liver or lungs.
Fenbendazole could be given over 5 days for activity against
migrating larvae. Ivermectin and moxidectin both have sys-
temic activity against migratory larvae at the therapeutic
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dosage, but the recent drug resistance question of P. equorum
must be answered. Moxidectin should not be used for foals
less than 4 months of age, nor for debilitated horses.

Preventive anthelmintic treatments should be initiated by
6 weeks of age and not delayed until a fecal examination
confirms the presence of P. equorum. These treatments should
be repeated at 6-week intervals and are aimed at removing
larval ascarids before their adult size becomes problematic or
egg production begins. As mentioned previously, contamina-
tion of the soil will lead to years of ascarid transmission. At 
6-week intervals, an anthelmintic with systemic activity is
not necessary as the immune response will develop and block
further migration.

Colic, impaction and intussusception can occur following
anthelmintic administration to heavily infected young
horses, but the root cause of this sequela is the inadequate
parasite control program rather than the drug administra-
tion. Many practitioners feel that half doses of anthelmintics
are safer to use in this situation, as if this would only affect
half of the ascarids. Clinicians are advised to use the label
dosage and prepare for the potential with such precautions as
mineral oil. Piperazine is contraindicated in this setting.

Epidemiology

Ascarid infections of most animals are diseases of neonates
and juveniles that will develop resistance or immunity
through exposure. Infections in 2-year-old horses are rare.
Ascarid eggs have a thick, proteinaceous shell that resists des-
iccation and protects the infective larva, facilitating survival
in the environment for years.15 Because the egg is infective,
transmission of P. equorum can occur in any season, and can
occur in young horses confined to stalls or paddocks.15,16 This
transmission is in contrast to strongyle infections that require
warm temperatures for activity of the infective larvae and
pasture settings for grazing transmission.

Strongyle infections

The large and small strongyles are associated taxonomically
by morphological characteristics, but differ significantly in
their development in the horse. The large strongyles include
three most important species within the genus Strongylus: 
S. vulgaris, S. edentatus and S. equinus. The cyathostomes, 
or small strongyles, constitute several genera with over 
40 species worldwide; thus the terms ‘small strongyles’ or
‘cyathostomes’ are preferred for convenience.

Large strongyles

Infection and pathogenicity

Strongylus vulgaris has, historically, been regarded as the most
pathogenic nematode parasite of Equidae worldwide due to
its migration through the cranial mesenteric artery (CMA),
causing verminous arteritis or thromboembolic colic. This
migration follows the arterioles of the cecal and colonic sub-

mucosa moving craniad along the arterial system. Damage to
the endothelium promotes platelet adherence. When suf-
ficient numbers of S. vulgaris larvae are funneled to the CMA,
their numbers destroy the normal, elastic architecture of the
artery, disrupting laminar flow of blood. Turbulent flow pro-
motes clot formation, seeding the distal capillary beds with
thrombi of varying sizes. The size of the distal artery blocked
by a thrombus will affect the size of the ischemic area of the
intestine. If the area is small, collateral circulation can be
established and the horse may suffer a transient bout of colic.
If large, ischemia will lead to an intractable colic, endo-
toxemia and death. Resolution of small lesions can result in
serosal attachments between loops of the intestine, which
can be associated with future entrapments. Architectural
changes of the CMA remain for the life of the horse; thus 
an active infection is not required for repeated bouts of
thromboebolic colic. The elastic nature of the CMA will 
not return.

Diagnosis

Fecal examinations easily recover both large and small
strongyle eggs. This typical strongyle-type egg cannot be
differentiated morphologically as either a large or small
strongyle. Today, the assumption that any eggs recovered are
all small strongyles is justified by the sporadic to rare appear-
ance of large strongyles in well-managed horses.

Treatment and control

The large strongyles are best controlled by regular deworm-
ing with a macrocyclic lactone because of their potent sys-
temic effects against migrating larvae. Due to their prepatent
period (6–11 months), the large strongyles can be eliminated
from a well-managed horse farm by semiannual use of iver-
mectin or moxidectin, although S. vulgaris does still occur.17

Daily deworming with a pyrantel tartrate feed additive is
useful while traveling, but does not replace regular deworm-
ing with a macrocyclic lactone.18 Daily deworming is
intended to kill the larvae as they exsheath before penetrating
the intestinal wall; however, a single, morning feed additive
may not have sufficient concentration in the lumen if horses
graze later in the day. Nonetheless, daily dewormers are a
useful product for horses traveling to events where they may
be allowed recreational grazing on pastures of unknown con-
tamination. For maximum protection, the product should be
fed just prior to grazing.

Epidemiology

As mentioned previously, the prevalence of large strongyles
has been reduced by ivermectin usage and the cyathostomes
are now the focal point of equine deworming programs.
Transmission requires grazing for exposure to infective
larvae. For the athletic horse, the greatest risk of exposure
will come off premises at events, where recreational grazing
may expose horses to pastures of unknown infectivity. Age-
related resistance to the large strongyles does develop
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through exposure, but is not complete and owners or trainers
should be diligent to protect horses off premises.

Cyathostomes

Infection and pathogenicity

The life cycle of the cyathostomes is complex and reviewed
elsewhere.19,20 The small strongyles do not migrate through
the body as do the large strongyles; instead, they penetrate no
further than the mucosa or submucosa of the cecum and
ventral colon where they encyst for variable periods of time.
During encystment, the small strongyles are hypobiotic, ren-
dering them less susceptible to normal anthelmintic treat-
ments. Over 90% of the million or more cyathostomes will be
hypobiotic or encysted larval stages.21,22 Their presence in
the wall of the cecum or ventral colon causes thickening of
the mucosa, which decreases absorption of nutrients. Their
presence also disrupts the myoelectrical conduction of the
smooth muscle, which can manifest as spasmodic colic.

There are two manifestations of cyathostome infections,
both related to the larval stages. The acute form, larval
cyathostomosis, is better known and stems from a synchro-
nous emergence of larval stages analogous to type II osterta-
giasis in cattle. Synchronous activation can destroy the cecal
and colonic mucosa, resulting in severe, protein-losing, life-
threatening diarrhea. This is a medical emergency with a
guarded prognosis.23 The mechanism triggering the emer-
gence of encysted cyathostomes is not well characterized and
is multifactorial.23,24

The second manifestation is also due to the larval stages, is
subtle, develops slowly over a grazing season, and is difficult
to diagnose because fecal examinations may be negative as
few adult cyathostomes may be present in the lumen. This
condition will also be seen most commonly in horses less than
6 years of age.24 When a horse grazes an infected pasture, the
mucosal population of hypobiotic larvae grows daily, which
develops into a progressive thickening of the cecal and
ventral colonic mucosa until a point at which absorption of
nutrients is impaired. Afflicted horses typically show a pro-
gressive loss of body condition in spite of sufficient feed
intake. Typically, regular anthelmintic treatments remove the
egg-laying adults with limited activity against the mucosal
stages. This leads to the misconception that a horse receiving
regular anthelmintics and negative on a fecal examination
could not be suffering from parasitism.

Diagnosis

The small strongyle egg-laying adults in the lumen of the
cecum or ventral colon produce a typical strongyle-type egg
during patent infections. These eggs are easily recovered by
normal fecal examination techniques. Unfortunately, the
clinical signs associated with cyathostome infections are sec-
ondary to the encysted or hypobiotic larvae. Acute cyatho-
stomosis can be differentiated from other causes of acute
diarrhea by the presence of blood-red larvae in the feces or 
on a palpation sleeve. High numbers of strongyle-type eggs

would not be recovered on a fecal examination of acute
cyathostomosis because few adults are present in the lumen.
Diagnosis may be aided by a CBC demonstrating an
eosinophilia, or by finding low plasma protein values and
normal to elevated levels of fibrinogen in the face of a
protein-losing enteropathy.

Treatment and control

The most important distinction to make is between treatment
of the lumen-dwelling adults and the mucosal-dwelling
encysted larvae. Treatment of acute cyathostomosis is a
medical emergency to replace the fluid and protein losses.
Anthelmintics are of secondary importance for these cases.

Anthelmintic programs are aimed at control of the egg-
laying adults, which should translate into lower mucosal
burdens through reduction of pasture contamination. Small
strongyles have developed widespread benzimidazole resist-
ance, which is widely reported,7,8 thus the benzimidazole
class of anthelmintics should be reserved for the 5-day course
of daily treatments at elevated dosages to remove the
encysted larvae.25 Cyathostomes have also developed resis-
tance to pyrantel salts, although not as widely reported as 
for the benzimidazoles. Their periodic use is rational and
effectiveness should be confirmed with a fecal examination.

This leaves the macrocyclic lactone class as the backbone
of an anthelmintic control program. Both ivermectin and
moxidectin have excellent activity against the lumen-
dwelling adults. Ivermectin has little or no reported activity
against the mucosal larvae, probably due to its short plasma
half-life.26 Moxidectin, in contrast, has an extended half-life
with measurable levels at 80 days post-treatment.26 This
extended activity does provide additional protection to
grazing horses,27 but may select for drug-resistant cyathos-
tomes.28,29 The author prefers the exclusive use of ivermectin
for cyathostome control, with elevated benzimidazole treat-
ments for 5 days to target mucosal stages. Since the advent of
ivermectin in the early 1980s, there has never been a report
of macrocyclic lactone-resistant cyathostomes. Recent
reports of ascarid resistance highlight the importance of
avoiding drug-resistant horse nematodes.

The 5-day course of benzimidazole treatments should be
useful in horses under 6 years of age during the later part of
a grazing season. They would be beneficial when a young
horse enters training where stabling may reduce or eliminate
exposure on pasture. By killing the larvae in situ within the
mucosa, larval degeneration should seed the immune system
with antigens in the fashion of a drug-abbreviated vaccina-
tion, theoretically engendering a level of acquired resistance
at an earlier age.

The periodicity of anthelmintic treatments will depend on
the drug employed, and is important to horses with access to
pasture, not those confined to stalls. Use of pyrantel salts
would require retreatment at 4- to 6-week intervals. Use of
ivermectin or moxidectin allows 8- to 12-week intervals
before egg shedding recurs. Regardless of the anthelmintic,
fecal examinations should be used to verify the effectiveness
of treatments, then to identify the egg reappearance time

1160
Veterinary management of the performance horse



that will dictate subsequent treatments.30 Excessive drug
treatments are not necessary and are likely to speed the
development of drug resistance.29

Epidemiology

In contrast to P. equorum, both large and small strongyles are
transmitted seasonally during the grazing season through
ingestion of the infective larvae on pasture. Cyathostome infec-
tions are of greatest severity or risk in horses less than 
6 years of age with access to pasture.1,6,24,31 Acute cyathosto-
mosis also has an association with season (late winter or early
spring), and a recent history of deworming that apparently
triggers the synchronous emergence of larvae. Older horses
should have developed an acquired resistance through con-
trolled exposure, but will still carry infections and serve as a
source for pasture contamination. Encysted larvae survive for
years past ingestion. Gibson32 demonstrated that the encysted
population was sufficient to repopulate the lumen after
anthelmintic treatments for almost 3 years when the experi-
ment was terminated. This finding highlights that acute diar-
rhea in a stall-confined athletic horse could stem from larval
cyathostomosis even when previous exposure to pasture is a
year or more in the past. All horses, regardless of age, will expe-
rience some degree of larval emergence but few will reach the
magnitude necessary to trigger acute cyathostomosis. Athletic
horses confined to stalls and fed hay are still at risk of acute
cyathostomosis if they have grazed on pasture earlier in life.
Any young horse turned out to pasture for rest or rehabilitation
after an athletic campaign would be at higher risk and should
receive regular monitoring by fecal examinations and appro-
priate anthelmintic treatments. On large farms or boarding
facilities, the efficacy of the control program will have a direct
effect on the incidence of colic seen on that farm.5

Equine tapeworm infections

The importance of tapeworm infections to the owner or
trainer of performance horses lies less in their degree of path-
ogenicity, but more from an understanding of the life cycle
and transmission, and then the requirement for a shift in
anthelmintic choice for treatment and control.

Infection and pathogenesis

Tapeworms utilize an indirect life cycle that requires an
orbatid mite as the intermediate host for transmission to
horses. These tiny, free-living mites live and feed on fecal
debris or other organic matter, whether on pasture or in
stalls, so transmission to a stabled performance horse can
occur. The prepatent period for Anoplocephala perfoliata is 4 to
6 weeks following ingestion of an infected mite.

Anoplocephala perfoliata is the most pathogenic horse 
tapeworm because its predilection site ranges from the termi-
nal ileum into the cecum, with particular clustering at 
the ileocecocolic valve.33 Erosive lesions can penetrate into
the submucosa and smooth muscle of the valve, affecting 

its function, which will promote spasmodic colic and 
intussusception.9,10,34–36

Diagnosis

Tapeworm infections of horses are diagnostic problems for
two reasons: (1) because progottids break down in the intes-
tinal tract rather than being passed intact, thus a gross exam-
ination of the feces rarely reveals the presence of the
tapeworms; (2) the eggs liberated by a degenerating proglot-
tid are unevenly distributed in the feces. The eggs can be
recovered from a fecal sample with several examination tech-
niques. However, the concentration or uneven distribution of
eggs within feces decreases the confidence in negative results.
Coprological examinations are not a reliable indicator of the
infection status; only 50–60% of tapeworm-infected horses
(positive identification at necropsy examinations) will be pos-
itively identified by normal fecal examination techniques.33,37

Centrifugation techniques using larger quantities of feces
increase sensitivity somewhat, but never to a heightened
level of confidence. A quantitative technique, such as the
McMasters or modified Stolls is definitely contraindicated as
the sensitivity would be lower. Both sugar and zinc sulfate
flotation media of 1.20 specific gravity can be used; sodium
nitrate should be avoided because it will disrupt the egg more
than will sugar or zinc solutions. The anoplocephalid eggs
recovered on an examination are asymmetrically shaped and
can easily be mistaken for debris, particularly when few eggs
are present.

Treatment and control

Anthelmintic choices for tapeworm treatments are limited.
The benzimidazoles as a class have activity against tape-
worms in other domestic animals, but fenbendazole was
reported as ineffective using a 5-day regimen at 10 mg/kg.38

Pyrantel salts have cestocidal activity.39,40 Pyrantel tartrate
as a daily dewormer is effective at 2.6 mg/kg given daily for
30 days, and reported to be more effective than a single dose
of pyrantel pamoate at 19.8 mg/kg.41,42 Praziquantel and
epsiprantel are related compounds with excellent cestocidal
activity. Praziquantel is highly effective against A. perfoliata,43

and will be marketed worldwide in combination with iver-
mectin. This single combination will be effective for treatment
of the most important parasitic infections of horses, which
suggests that moxidectin will soon be formulated with
epsiprantel in the near future to remain competitive.

Due to the low reliability of ante-mortem diagnosis,
control is better achieved through scheduled, periodic treat-
ments with an effective compound. At the present time, treat-
ments twice yearly with a pyrantel salt should be adequate for
tapeworm control, as well as activity against nematodes,
such as small strongyles.

Epidemiology

Anoplocephala perfoliata has a worldwide distribution, and
should be anticipated in horses regardless of the housing
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conditions. Mite activity, essential for transmission, will be
temperature-dependent, so tapeworm transmission can have
a seasonal component in colder climates.44 Year-round trans-
mission has been reported in more temperate regions.45 In
colder climates, heated barns may support mite activity
during cold periods. Transmission can certainly occur in
stables; thus an athletic horse in training can become
infected. There is some acquired resistance through exposure
to tapeworm infections; however, many or most athletic
horses are within the younger population.

As a final note to owners and trainers of athletic horses,
the author advises that all feeds be protected from access by
other animals, domestic, feral or wild. The author has recov-
ered cat ascarid eggs passed by horses that ingested contami-
nated feeds, as barn cats will defecate in grain bins and hay
barns. Contaminated feeds represent a route of infection for
Toxoplasma gondii spread by barn cats, or Sarcocystis spp.,
such as Sarcocystis neurona passed by opossums in North
America. Both grain and hay should be protected.

Ectoparasite control for
athletic horses

Athletic horses will be exposed to a wider spectrum of
ectoparasites than sedentary horses by virtue of travel to dif-
ferent regions, or contact with other participating horses.
The importance of such exposure can span from contact
transmission of a nuisance ectoparasite to the potential ex-
posure of a life-threatening arthropod-borne infection at an
event, such as an encephalitis virus. Most ectoparasite 
problems are irritating, not life-threatening, but a night spent
under a relentless attack by biting midges or mosquitoes 
may drain the energy or focus otherwise available for
performance.

Control programs and procedures will differ as sig-
nificantly as the spectrum of disease or pests of concern,
ranging from those applied to an individual competitor, to
procedures employed by the sponsors of an international
event concerned with prevention of arthropod-borne dis-
eases. Facilities personnel can employ management practices
directed towards controlling the habitats of important
ectoparasites, whereas a trainer traveling with horses has
little or no influence over the environment where the event is
held, and instead, must rely on treatments applied directly to
their competitors.

Equine facilities, whether a permanent training or board-
ing facility, or the temporary sponsors of an event, should
address the ectoparasite habitat at their location rather than
rely solely on chemical control. Simple management prac-
tices can reduce the ectoparasite potential, such as mowing,
improving drainage, and effective composting of manure and
bedding as examples. Fans, baited traps and lights can be
added to barns. Rodent control can have a profound influence
on the local ectoparasite population and arthropod-borne
disease risk, as rodents serve both as a source of blood meals

and as amplification hosts of several arthropod-borne dis-
eases. Management practices should be implemented and
improved annually, as these physical interventions will
reduce the need for chemical interventions, and will improve
their efficacy when applied. Within a reasonable timeframe
before the start of an event, chemical control measures could
be implemented as an adjunct to the management practices
employed continuously. The degree of this chemical control
may increase in proportion to the level of risk, as in the case
of an encephalitis outbreak, or hosting an international
event. An understanding of the biology and habits of these
vectors or pests is essential for implementation of rational
control measures, as is an appreciation of the effects that
area sprays may have on an ecosystem.

Environmental insecticides and acaricides cannot dis-
criminate between the parasitic or the beneficial arthropods,
such as bees or the various insects responsible for natural
recycling of manure. Chemical sprays can translate into
damaging effects on the fish, reptile, amphibian and bird
populations that act as natural forces balancing the arthro-
pod populations. Most ectoparasiticides for environmental
use are long-acting synthetics that accumulate progressively
up the food chain. Alterations of this balance can be self-
defeating for an equine facility. Priority should be given to
environmental improvements that decrease the reproduc-
tive potential of ectoparasites and foster an increase of the
insectivorous populations. Indiscriminate use of area insecti-
cides has led to the development of drug-resistant pests
rather than their elimination.

Situations do arise, however, that warrant the rational and
controlled use of area chemicals, such as an outbreak of
mosquito-borne encephalitis, or hosting an international
event where carriers of a foreign, arthropod-borne disease
may be a realistic concern. The 1996 Olympic Games held in
Atlanta, Georgia, represent one case in point, when extensive
measures were implemented over the concern that Babesia
spp. could become introduced into the local Dermacentor
population through feeding on carriers in competition.46 The
sponsors of the Olympic games began with environmental
measures to reduce the tick habitat before using chemicals
prior to the arrival of competitors.

In all situations where environmental sprays or fogs will 
be employed, the facilities managers must follow the local, state
or federal regulations concerning the use of such compounds,
and follow the safety precautions for specific formulations. If
unusual circumstances dictate extensive, environmental mea-
sures, permits may be required and the application process may
require months or more before a ruling.

In contrast to the environmental control measures are
those that can be applied directly to the horse. There are just
a few classes of effective insecticides and acaricides available,
most of which are also formulated as environmental sprays.
One very important rule of thumb is that the active ingredi-
ent may be identical in two formulations, but the vehicle or
propellant will differ. Formulations made for area or environ-
mental sprays should never be used directly on animals 
as toxicity or blistering of the skin may occur based on the
propellant or vehicle.
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The remainder of this chapter will focus on the ecto-
parasites and their control rather than on the arthropod-
borne diseases because those diseases are not unique to the
performance horse. A thorough knowledge of these ecto-
parasite control measures will be important to trainers and
riders while traveling, and to facilities managers, particularly
when hosting an equestrian event.

Mosquitoes

Mosquitoes are best known as the vectors of many equine
encephalitis viruses. All mosquito genera and species require
standing water in varying quantities for their replication,
ranging from ponds or puddles to seemingly insignificant
quantities in a hoof print or remaining in the axillae of leaves
and branches of plants. The principal management practice
for their control resides in the identification of possible repli-
cation sites at an equine facility because the majority of mos-
quitoes move only a few hundred meters from their hatching
sites to feed on animals. This will become an important radius
for chemical treatments immediately prior to the arrival of
participants at events. These sites can be areas of tall grass,
irrigation ditches, ponds, puddles, small accumulations
around the roots of trees or rain gutters with leaf clutter
blocking complete drainage. Regular and critical inspection
of the premises can reveal many inapparent sites that will be
important for both the physical interventions and to identify
these sites if environmental sprays are to be used. As
insignificant as these sites may seem, these small sites do not
support fish or amphibian species that would devour the
developing larval stages, and thus may contribute more
feeding mosquitoes than the obvious, larger sites. The edges
of ponds, lakes or canals where vegetation blends into water
are much more important than the open water of these
larger bodies. Walls or banks can be constructed at these
interfaces such that the transition is sharply divided between
vegetation and water.

Several of the most important species of Aedes and
Ochlerotatus (formerly designated as a subspecies of Aedes),
lay eggs in temporarily dry areas that will accumulate water
after a rain or irrigation. The eggs of these genera can with-
stand varying degrees of desiccation and may remain
dormant for months before activation. Improving drainage
and filling depressions are obvious interventions. Mowing tall
grass and weedy areas will increase sunlight penetration,
which will speed drying where replication occurs.

Mosquitoes are weak fliers and the addition of fans to
barns can prevent mosquito feeding on stabled horses. Many
but not all mosquito species are evening or night feeders, so
stabling horses during crepuscular periods can reduce their
exposure. Many mosquito species are attracted to sodium
vapor lights but not towards yellow light; thus sodium lights
can be placed at the periphery and yellow lights used inside
and around stables and arenas. Several devices that electro-
cute flying insects use appropriate light or bait, such as
carbon dioxide (CO2), and are worthwhile additions to mos-
quito control. Several vertebrates are well known for their

consumption of large quantities of flying mosquito adults.
Thus the addition or promotion of bat housing or bird-
nesting sites is beneficial, as is nurturing the frog populations
in ponds or lagoons on or near the premises.

Chemical control of mosquitoes will have three ap-
proaches: environmental sprays or fogs over exterior sites;
environmental sprays with residual activity on the interior
structures of barns or stables; direct application of repellents
or insecticides to horses. Fogs are formulated to produce
microscopic droplets that remain in airborne suspensions,
extending their potential contact time with flying adults.
These should never be used indoors when animals are
present. Fogs kill flying adults through contact, so logic dic-
tates their dispersal only at mosquito feeding times, only
when calm wind conditions permit, and only near important
mosquito sites. Fogs are the most toxic formulations for birds
and bats, and thus require caution and rational use. Because
fogs have limited duration as aerial suspension, potent but
short-acting insecticides such as pyrethrins are sensible
choices. Although a seemingly semantic difference, sprays
are intended to disperse droplets over some solid substrate,
whether vegetation or facilities. Insecticidal sprays can be
applied to breeding sites when needed, and long-acting com-
pounds with weeks of activity are available, but these will
have the greatest impact on the non-parasitic fauna.
Formulations containing pyrethroids have the lowest mam-
malian toxicity but can have adverse effects through accu-
mulation in reptile, fish and bird populations. Bacillus
thuringiensis is a bacteria that produces an insecticidal com-
pound and is available as a dust that can be applied to areas
of mosquito larvae development and this may be more envi-
ronmentally sound than long-acting synthetic compounds. If
permitted in specific localities, organophosphate sprays such
as malathion or diazinon could be employed when conditions
warrant. Imidacloprid is a potent insecticide approved in
many countries for use on crops intended for human con-
sumption or as topical flea control on pets, implying excellent
tolerance by vertebrate species. Insect growth regulators,
such as methoprene, pyriproxyfen or diflubenzuron, can
inhibit development of mosquito larvae, have little or no ver-
tebrate toxicity, but have little residual activity, and thus
require repeated application. Any of these environmental
treatments should be applied only to those sites where the
problem exists rather than as an indiscriminant broadcast of
chemicals.

Mosquito females will rest on a physical structure follow-
ing a blood meal; thus environmental sprays can be applied to
the walls and doors of a barn or arena. Compounds with
residual activity, such as the synthetic pyrethroids or the
organophosphates, are logical choices in this situation as
they can provide several weeks of activity. While this strategy
does not prevent mosquito feeding, it plays an important role
in halting transmission of mosquito-borne diseases by killing
replete females that may have ingested an equine pathogen.

Appropriate repellents and insecticides can be applied
directly to the skin of horses if so directed. If not formulated
specifically for horses, these compounds should be used with
caution. The identical active ingredients on the label of two
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products can be misleading because differences in the vehicle
suspension may be a toxic factor for horse skin. Repellent for-
mulations with botanical derivatives, such as citronella,
limonene and linolool, are available but not highly effective
repellents. The synthetic repellent butoxypolypropylene
glycol is formulated for horses. Several pyrethroids approved
for use as wipes on horses, such as cypromethrin, resmethrin
and permethrin, are attributed with repellent qualities that
may stem from rapid killing of the mosquitoes that alight on
the treated skin. The pyrethroids are the backbone of on-
horse ectoparasite control as they have potent activity
against mosquitoes, biting flies, midges, ticks, mites and lice.
Many pyrethrin or pyrethroid formulations contain piperonyl
butoxide, which is not itself insecticidal but which inhibits
the arthropod enzymes that inactivate pyrethrins. Piperonyl
butoxide, therefore, potentiates the action of pyrethrins.
Wipes applied to horses for mosquito control should be
applied to the entire body due to their more indiscriminate
feeding pattern, whereas ticks tend towards feeding in
protected areas of the ventrum or head and ears.

Ticks

Ticks are best known as vectors of Babesia caballi, Theileria  equi
and Anaplasma phagocytophilum as well as several other arthro-
pod-borne viral and bacterial diseases, and tick paralysis. Tick-
borne diseases will have a regional distribution and seasonal
pattern of occurrence directly related to those patterns of the
vector tick, and vary from year to year according to environ-
mental factors and cycles, including weather and influences on
the host populations.47,48 Ticks themselves do not travel far
from their hatching sites but can be carried great distances by
the roaming of animals or the migration of birds. Survival or
establishment at the new site will be dependent on hospitable
climatic and environmental characteristics. Equine facilities
can make reasonable, physical or environmental changes that
reduce this hospitality but management of climatic changes
are beyond the scope of this chapter.

Ticks favor habitat of grasses and shrubs with sufficient
moisture that their egg masses can develop before desicca-
tion. Several genera populate the interface between forest and
meadow. As a generality, ticks favor turf and cross-country
terrain over dirt and arenas; thus the risk of tick-borne dis-
eases is reduced but not eliminated at urban facilities.
Mowing areas of scrub, brush and long grass will aid the
overall control program by reducing the tick reproductive
potential, reducing the vegetation they climb while questing
for hosts, and by removing the excessive vegetation that
would diminish the efficacy of a chemical spray if or when
necessary in the control program. These areas should be
cleaned of fallen branches or logs that could serve as repro-
ductive sites or impede effective mowing. As questing ticks
will climb to the top of vegetation and wait for a host, the
height and density of vegetation will influence the number of
ticks and their success in contacting hosts. The height of this
vegetation will also influence the height on the legs of horses
where acaricidal wipes must be applied. These areas can be

monitored for tick populations by dragging a cotton or muslin
sheet over the ground and collecting ticks for identification
and enumeration. Tick traps can be made that use CO2
release as a bait. Questing ticks are lured towards the CO2 and
climb into a collecting sack, sheet of muslin or an adhesive
pad. Monitoring will help demonstrate the effectiveness of
the control program and highlight those areas that may need
additional modification or receive an area spray of acaricide.
Such monitoring may be required of the sponsors for an
international event, but should be practiced occasionally at
all permanent horse facilities where ticks exist.

Larval and nymphal tick stages often rely on nestling and
neonatal rodents or rabbits for their first blood meals. These
mammalian populations also serve as the reservoir or
amplification hosts for many bacterial or viral diseases for
which ticks serve as vectors. Therefore, rodent control is a
particularly important facet of tick control. Along with
rodent control, equine facilities should make every effort to
exclude wildlife from their premises due to the risk of import-
ing ticks attached to those hosts, as well as the other problems
that wildlife can create.

Chemical control measures include applications to the
horse or the environment, bearing in mind that these differ-
ent formulations should not be interchanged even though
the active ingredient may be identical. Pyrethrins,
pyrethroids, organophosphates and carbamates are com-
monly used as active ingredients. Pyrethroid and
organophosphate compounds have been developed that will
provide 3–5 weeks of residual activity following application.
Pyrethrin formulations owe much of their safety on the
horse or in the environment to the fact that pyrethrin is
metabolized or oxidized quickly. Organophosphates and car-
bamates share a mechanism of action and can have additive
effects that can lead to toxicity if used concurrently with
other acetylcholinesterase inhibitors, particularly when
long-acting compounds are used.

Sprays can be applied to areas of scrub, brush or grass that
have been mowed. Wipes or sprays can be applied to horses,
particularly covering the legs, ventrum and neck, head and
ears, as ticks tend to congregate in these areas rather than
spread across broad, exposed areas of the flanks and back.
Several pyrethroid compounds in these formulations can
provide 3–4 weeks of residual activity on the horse, and are
effective against ticks and insect pests, such as mosquitoes,
biting flies, gnats and midges.

Face flies, house flies and stable flies

These flies, Musca autumnalis, M. domestica and Stomoxys cal-
citrans respectively, are widespread pests and vectors of
disease in and around barns and stables, and are daytime
feeders. Stable flies actively bite, painfully, usually around the
legs, and have been implicated as mechanical or biological
vectors of several arthropod-borne diseases of equids, surra
and equine infectious anemia being examples. Face flies and
house flies are attracted to secretions and transmit diseases by
contact, for the most part. They can serve as the intermediate
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host of several nematodes of horses. Collectively, these three
flies utilize manure and decaying materials of different types
for egg laying and larval development. Thus the most import-
ant measure in their control is hygiene within and around the
stable area, and composting effectively the bedding, manure
and decaying vegetation that supports their larval develop-
ment. These flies may travel from neighboring farms where
conditions are more favorable, but this potential does not 
alter the need to maintain a high level of sanitation at a 
stable.

Face flies both feed and rest on the faces of cattle and
horses; thus topical repellents and insecticides can be applied
to the face for the most effective chemical control, which will
also work for house flies. Both are attracted to wounds as well
as nasal or lacrimal secretions, implying that wounds should
be dressed and the bandage treated with a topical insecticide,
or small wounds treated directly with an appropriate repel-
lent or insecticide. Stable flies bite the lower legs, so repellents
and insecticides can be applied directly to these susceptible
areas. House flies and stable flies rest on a solid surface when
not feeding; thus barn walls, doors, windows and screens can
be sprayed with long-acting insecticides that kill these flies on
contact. Likewise, they can be lured to baited traps impreg-
nated with insecticide, or composed of an adhesive. Manure
or compost piles could be treated with an insecticide to kill
developing maggots, but such treatment will also kill the
beneficial arthropod fauna responsible for manure degrada-
tion. Manure piles can be covered with plastic to increase the
pile temperature and speed composting.

Tabanid flies

The tabanids include the horse flies (Tabanus) and deer flies
(Chrysops). These are significantly different from the house,
face and stable flies in both their feeding habits and their sites
of replication. The tabanids are best known as vectors of
equine infectious anemia and implicated in the transmission
of other blood-borne infections. The tabanids have slashing
mouthparts to draw blood and feed, and it is the interrupted
feeding that is implicated in the mechanical transmission of
several diseases as they fly to another animal to continue a
blood meal.

The tabanids are more difficult to control than the other flies
because their larval stages occur in the leaf litter of forested
areas that are not reasonably accessible for environmental or
chemical interventions. Tabanids fly some distance to feed, in
contrast to mosquitoes. As such, their sites of replication may be
miles from an equine facility. Tabanids are daytime feeders and
prefer hosts outside of barns, so stabling horses during the peak
tabanid season will help prevent bites. Tabanids target moving
objects in pastures or paddocks, a characteristic exploited by
traps made of moving parts, usually wind-driven but sometimes
mechanized. These traps have an adhesive surface, which could
be augmented by application of a contact insecticide. Repellents
and insecticidal wipes, such as those containing pyrethroids,
will also have some effect, though it may be negligible, against
tabanids.

Black flies and biting midges

Black flies or buffalo flies are fierce biters within the genus
Simulium, and the biting midges or ‘no-see-ums’ are members
of the genus Culicoides. Both have been implicated as vec-
tors of various filarial diseases of humans and animals, and
Culicoides is also well known as a vector of several important
viral diseases, the most important for international events
being African horse sickness.

Both the black flies and midges are ferocious blood-feeders
that inflict very painful bites relative to their small size, and
many horses develop hypersensitivity reactions to the saliva.
Simulium is a daytime feeder, principally early mornings,
whereas Culicoides is an evening or early nightfall feeder. Both
feed in swarms that are extremely irritating to afflicted horses.
Neither pest is a strong flier, and both prefer open spaces for
feeding. Thus stabling horses with fans creating a light breeze is
an effective measure, perhaps more than repellents.

Both Simulium and Culicoides require water in some form
for their larval stages, but differ tremendously in the type of
water source. Simulium requires moving water and can utilize
both raging currents or slow. Culicoides, in contrast, requires
stationary water, such as marshes, ditches and irrigated pas-
tures, and some species can utilize moist soil. This makes
control measures directed at the sites of larval development
more difficult if not impossible. Both have a seasonal occur-
rence that could allow sponsors of an event to avoid those
peak times when scheduling the event. Chemical control on
horses can be attempted with repellents and insecticides, but
those horses with hypersensitivity reactions should be stabled
at the respective feeding times and provided with a fan to
inhibit swarms from reaching the horse. During an outbreak,
or to prevent an outbreak of a viral disease as devastating as
African horse sickness, environmental sprays or fogs could be
delivered over larger areas that serve as the breeding grounds
of Culicoides.
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plasma volume may increase preload and enhance cardiac
output in exercising ‘fit’ horses.8 Other changes potentially
pertinent to anesthesia include an apparent increase in
muscle glycogen, muscle capillarization, and muscle mito-
chondrial density in fit horses.9

History

These questions should be asked of the responsible party
prior to anesthesia:

1. Has the horse been anesthetized previously? If so, what
were the circumstances and were there any problems asso-
ciated with the anesthetic period? Many athletic horses
have been previously anesthetized, most without incident.
Potential problems that could be uncovered by this ques-
tion include untoward reactions to drug administration,
excitement during induction or recovery, prolonged
recovery, or rhabdomyolysis.

2. Is the horse tolerant of exercise? Horses that are intolerant
of exercise may not tolerate anesthesia. Potential causes of
exercise intolerance include respiratory insufficiency, upper
airway obstruction, and cardiac insufficiency, including
atrial fibrillation or other arrhythmia, or rhabdomyolysis.

3. Has the horse recently experienced any respiratory disease?
Anesthesia compromises resistance to respiratory disease
in a number of ways including depression of mucociliary
and immune function, loss of the cough reflex, drying of
the airway, and inhibition of nasal and laryngeal function.
In normal animals these changes are short-lived, but in
horses incubating respiratory disease, anesthesia may pre-
dispose to worsening signs and exacerbation of disease.

4. Does the horse make a respiratory noise at rest or during
exercise? Anesthetic agents, notably the �2-adrenoreceptor
agonists, cause relaxation of the upper airway.10,11 This
relaxation may augment a pre-existing condition resulting
in partial or full respiratory obstruction. Such obstructions
can be overcome with endotracheal intubation but may be
problematic during recovery.

5. Has the horse ever tied up (rhabdomyolysis)? There is
considerable evidence of genetic, gender, and breed
predilection for rhabdomyolysis.12 Anesthesia can be a
triggering event.

The initial question when discussing anesthesia of the equine
athlete is ‘Are there any horses that aren’t athletes?’
Compared with many other species, such as cows and cats,
the answer is probably no. Having answered this initial ques-
tion, there are suggestions in the literature that ‘fit’ horses,
particularly ‘fit’ Thoroughbred horses, are more difficult to
anesthetize than other horses.1,2 Anecdotally, this increased
level of difficulty seems to center on lower respiratory rates in
‘fit’ horses and issues of temperament. A search of the litera-
ture reveals few differences in respiratory and cardiovascular
function in horses at rest, whether untrained, trained, or
detrained. Training increases peak oxygen uptake without
changing peak minute ventilation, thus the ratio of minute
volume to oxygen uptake (the ventilatory equivalent for
oxygen) decreases.3 A reduction in the ventilatory equivalent
indicates that a fit horse exchanges a smaller ventilatory
volume to maintain a given oxygen uptake than the same
horse when detrained. Further, the respiratory pattern in
trained and untrained horses is similar, implying increased
efficiency of oxygen extraction at the pulmonary level. This
increased efficiency of oxygen extraction may partially
account for the decreased respiratory rates observed in anes-
thetized ‘fit’ horses. Alveolar tensions of anesthetic gases rise
at a slower rate in horses with slow respiratory rates, poten-
tially delaying the attainment of brain anesthetic gas tensions
sufficient for anesthesia. The potential decreases in respira-
tory function could be further exacerbated by the effects of
anesthetic drugs and body position on the function of respi-
ratory muscles and interruption of the normal, unique
breathing strategy seen in this species.4 Training does not
alter resting heart rate, stroke volume, or cardiac output in
the resting horses, but total red cell volume increases and
plasma volume increases as much as 29%.5–7 The increase in
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6. How does the horse react to new experiences? There is
considerable variation amongst equines in their ability to
adapt to new situations and experiences. Some horses are
apparently calm despite being placed in stimulus-intensive
environments while others become agitated without
apparent provocation. The demeanor of the patient po-
tentially affects the required doses of sedatives and may
change preparations for anesthesia and recovery.

7. Is the horse receiving any medication? When was the last
time the horse was medicated? Some individuals utilize long-
acting tranquilizers and other drugs as part of their training
regimens. The administration of drugs such as acepro-
mazine and reserpine can affect the required doses of anes-
thetic agents and the resultant pharmacologic response.

Physical examination

The physical examination is the centerpiece of preanesthetic
data collection. The examination should focus on the cardio-
vascular, respiratory, neurological and musculoskeletal
systems.

Examination of the cardiovascular
system

The cardiovascular system is easily evaluated by palpating
the pulse of a peripheral artery, checking the color of mucous
membranes, measuring the capillary refill time, assessing
skin turgor, and ausculting the heart. Normal pulse rates in
quiet adult horses range from 25 to 45 beats per minute.
Interruptions in the regular rhythm (pauses) are not un-
common in fit horses and are usually the result of sinus
arrhythmias or second-degree atrioventricular blockade. A
brief period of exercise should stimulate an increase in heart
rate and resolve the arrhythmia. The most common patho-
logic arrhythmia in horses is atrial fibrillation.13 Presumptive
diagnosis of atrial fibrillation can be made on physical exam-
ination by palpating pulses of unequal strength occurring at
irregular intervals and by ausculting variable intensity heart
sounds at varying intervals. An electrocardiogram should be
obtained if pauses in the pulse rhythm do not respond to exer-
cise or if there are pulses of variable intensity occurring at
variable intervals. Heart murmurs can be ausculted in the
majority of race horses.14 Most are systolic murmurs, heard
best at the heart base. Murmurs of grade II (out of V) or less
are interpreted as innocent flow murmurs if there is no other
evidence of heart disease. Murmurs of potential significance
include those that result from mitral valve insufficiency,
aortic insufficiency or congenital ventricular septal defects;
but they comprise less than 0.1% of the population. Addi-
tional information can be obtained via electrocardiography
and echocardiography.

Transient periods of sinus tachycardia (heart rates greater
than 50 beats/min) are not of concern but sustained tachy-

cardia should be interpreted as an indicator of cardiovascular
or metabolic disease. Atrial and, less frequently, ventricular
premature contractions are observed in horses prior to
surgery. Abnormal atrial and ventricular rhythm dis-
turbances are a warning that there may be systemic illness,
myocarditis, or associated cardiovascular compromise.
Infrequent atrial or ventricular extra systoles (< 5/min when
the heart rate is normal) without clinical evidence of cardio-
vascular compromise are tolerated in horses under general
anesthesia. Horses with frequent ventricular premature con-
tractions, paroxysmal ventricular tachycardia, or persis-
tent ventricular tachycardia should not be anesthetized for 
elective procedures. 

Examination of the respiratory system

Examination of the respiratory system is best accomplished
in a quiet room or stall and is facilitated by stimulating the
horse to breathe deeply. The lung fields over both sides of the
thorax should be ausculted. Auscultation of the trachea may
be useful in detecting the presence of mucopurulent material.
Light squeezing of the trachea in a normal horse does not
induce a cough but may produce a cough in a horse with
upper respiratory tract infection.

Horses with suspect respiratory disease should receive a
further diagnostic workup, potentially including a complete
blood count, plasma fibrinogen, tracheal wash and culture,
and thoracic ultrasound and radiography. Horses with a
history of severe respiratory tract infection may retain large
quantities of mucopurulent material in the trachea and have
abnormal respiratory sounds in the lung fields upon careful
auscultation. Horses with respiratory tract infections should
not be anesthetized for elective procedures because the 
added stress of surgery and general anesthesia predisposes to
pneumonia and pleuritis.

Horses with respiratory stridor due to upper respiratory
tract obstruction require special evaluation because sedation
produces relaxation of the muscles of the upper airway which
may worsen the stridor. Many normal horses make upper
airway noises during recovery from general anesthesia because
of congestion and edema of the nares and nasal turbinates.
Horses with preoperative stridor are more likely to do so. Nasal
congestion is easily relieved by passing a 12 to 18 mm endo-
tracheal tube into the nares past the site of the obstruction.
Additional causes of stridor after anesthesia include dorsal dis-
placement of the soft palate and partial or complete laryngeal
paralysis. The soft palate normally displaces dorsally with oro-
tracheal placement of an endotracheal tube. When the endo-
tracheal tube is removed the palate remains displaced until the
horse swallows and the palate returns to its normal position
below the epiglottis. An endotracheal tube can be used to stim-
ulate swallowing if a horse makes a noise suggestive of dorsal
displacement after removal of the endotracheal tube. The
degree of obstruction of airflow should be evaluated by assess-
ing the amount of airflow through the nostrils while noting the
amount of effort (abdominal movement) required to produce
airflow. A temporary tracheostomy may be required prior to
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induction or during recovery from anesthesia in horses with
severe obstruction.

Examination of the nervous 
and musculoskeletal systems

The nervous and musculoskeletal systems should be exam-
ined to determine if the horse can see, ambulates normally,
and bears weight on all four limbs. Horses that are blind in
one eye may require special handling during induction and
recovery. Slight gait deficits are usually inconsequential, but
significant weakness, ataxia or lameness may pose problems
during induction to and recovery from anesthesia. Simply
walking the horse a short distance and circling it in a small
circle provides a sufficient assessment of the horse’s stability.
Horses that are ataxic or not bearing weight on all four 
limbs may prove difficult to move while sedated. Thus they
should be moved to the area of anesthetic induction prior to
administering sedatives.

Preanesthetic hematologic
evaluation

The baseline hematologic evaluation of horses prior to anes-
thesia is dependent on the results of the physical examination
but should include determination of the packed cell volume
(PCV), total plasma solids, white blood cell count, and plasma
fibrinogen. The PCV should be 55% or less to prevent blood
sludging and achieve adequate tissue perfusion under anes-
thesia. Packed cell volumes less than 20% are associated with
compromised oxygen delivery. Plasma protein levels below
3.5 g/dL are associated with the formation of peripheral and
pulmonary edema because of inadequate plasma oncotic
pressure. The hemogram of most horses in our referral hos-

pital suggests mild leukocytosis with neutrophilia and lym-
phopenia that can be attributed to the effects of excitement
and stress associated with transportation, hospitalization or
pain. Total white blood cell (WBC) counts greater than
13 000/�L or less than 5500/�L are indications for further
evaluation. Elective surgical procedures should be postponed
in horses with abnormal WBC counts until the WBC count
returns to normal. Plasma fibrinogen levels are used as an
index of inflammation but are not specific to any disease.
Plasma fibrinogen levels in excess of 300–400 mg/dL are
considered abnormal and a reason to delay anesthesia.
Preoperative serum chemistry and acid–base evaluations 
are not necessary unless specifically indicated. Muscle
enzyme levels should be measured in horses with a history of
rhabdomyolysis.

Preanesthetic medications

Preanesthetic medications in the horse include anticholiner-
gics, tranquilizers/sedatives, and analgesics (Table 59.1).

The administration of the anticholinergic agents atropine
and glycopyrrolate is not recommended for routine use prior
to anesthesia in horses. Anticholinergics decrease salivation
and increase heart rate, but neither excessive salivation nor
bradycardia is a frequent problem in the horse. The potential
disadvantages (postoperative ileus, tachycardia, and increased
myocardial oxygen consumption) are significant; thus anti-
cholinergic administration should be limited to those cases
where it is specifically indicated. Common cardiac arrhy-
thmias that respond to anticholinergic agents include atrio-
ventricular conduction disturbances, interference dissociation,
and sinus bradycardia (heart rate less than 25 beats/min)
with hypotension.

Sedatives and tranquilizers are used to produce a calm,
tractable patient by decreasing excitement and unwanted
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Drug Dose and route Onset of effect Comments

Acepromazine 0.02–0.06 mg/kg, i.m., i.v. 30 to 40 min i.v., i.m. Caution in stressed, hypotensive 
horses

Xylazine 0.5–1.0 mg/kg, i.v. 3 to 5 min, i.v. Ataxia produced with head 
1.0–2.2 mg/kg, i.m. 10 to 20 min, i.m. down posture

Begin with low dose and repeat 
as needed

Detomidine 0.01–0.02 mg/kg, i.v. 3 to 5 min, i.v. Ataxia produced with head 
0.02–0.04 mg/kg, i.m. 10 to 20 min, i.m. down posture

Begin with low dose, repeat as
needed

Butorphanol 0.01–0.03 mg/kg, i.v. 3 to 5 min Use in combination with a 
sedative or tranquilizer

Morphine 0.3–0.5 mg/kg, i.v. 3 to 5 min Sedate with xylazine or
detomidine before administering
morphine
Potential for excitement

Table 59.1 Drugs used for standing chemical restraint and as preanesthetics



behavior (movement) during induction and recovery.
Sedatives and tranquilizers potentiate the action of anes-
thetic agents, so that the dose of the more potent agent can
then be lowered, decreasing the potential for deleterious side
effects including hypotension and hypoventilation. Horses
that are weight bearing on all four limbs may benefit from
intramuscular administration of sedatives because intramus-
cular administration produces a more prolonged effect than
intravenous administration and potentially reduces the
magnitude of the deleterious changes in cardiorespiratory
function. Some drugs, particularly the phenothiazine tran-
quilizers (acepromazine), require up to 45 minutes to reach
peak effect. Intravenous administration produces a quicker
onset of action and an increased intensity of effect, but a
shorter duration of effect, than does intramuscular adminis-
tration. Ataxic or severely lame patients that are non-weight
bearing on one limb should be moved to the induction area
before administering the agent of choice intravenously.

Phenothiazine tranquilizers are used to produce calming
by decreasing locomotor activity, reducing apprehension and
increasing tractability. Phenothiazines should be avoided in
horses that are severely stressed, have had excessive hemor-
rhage, or are hypovolemic because the drugs may cause ex-
cessive hypotension. Clinical doses usually produce minimal
ataxia and weakness. The primary cardiovascular effect pro-
duced by phenothiazine tranquilizers is vasodilatation with
resultant hypotension. The incidence of clinically significant
hypotension following clinical doses of phenothiazines to
normal horses is low, and horses that become hypotensive
after phenothiazine administration usually respond to intra-
venous crystalloid administration. The risk of persistent
paralysis of the retractor penis muscle should be noted before
tranquilization of male horses, and the dose should be care-
fully limited to the minimum necessary to produce the desired
effect.

�2-Adrenoreceptor agonists produce sedation, muscle
relaxation and analgesia when administered intravenously or
intramuscularly to horses.15–17 Horses that have received �2-
agonists assume a ‘head-down’ or ‘sawhorse’ stance and may
frequently shift their weight from side to side (Fig. 59.1).
Arterial blood pressure is initially increased due to drug-
induced increases in peripheral vascular resistance. Hyper-
tension may be sustained (20 to 60 minutes), particularly
when detomidine is used. Decreases in heart rate, sinus
arrhythmia, and first- and second-degree atrioventricular
blockade are common. These decreases in heart rate result in
significant decreases in cardiac output, often to levels 50% of
predrug values. Respiratory rate is usually decreased, but
tidal volume increases. Relaxation of the muscles of the
upper airway can predispose the horse to stridor. The admin-
istration of an �2-agonist decreases salivation, gastric secre-
tions, and gastrointestinal motility and increases urine
volume. Other incidental effects of �2-agonist administration
include increases in intrauterine pressure, hyperglycemia
and hypoinsulinemia.

Two �2-adrenoreceptor agonists are approved for use 
in horses in the USA. Xylazine, a relatively short-acting 
�2-agonist, has a rapid onset (1–3 minutes) and short dura-

tion of action (30–60 minutes) after i.v. administration.
Xylazine is relatively non-specific, activating both �2 and �1
receptors. Detomidine, a more specific �2-agonist, is approxi-
mately 100 times more potent than xylazine and has a
duration of action at least twice as long.

Sedative-opioid combinations are useful for standing pro-
cedures in the horse, producing sedation, analgesia, euphoria
and a stuporous ‘sawhorse’ stance. Butorphanol and mor-
phine are two drugs with opioid activity that have been used
in combination with �2-agonists to produce standing chemi-
cal restraint.18,19 Opioids other than butorphanol are not
routinely administered prior to anesthesia but can be used to
supplement analgesia intraoperatively.

Many surgical procedures benefit from the administration
of antibiotics preoperatively. Antibiotics, particularly sodium
or potassium penicillin, should be administered before anes-
thesia is induced because of their potential to cause hypo-
tension during anesthesia.20 Aminoglycoside antibiotics,
including gentamicin, can cause neuromuscular weakness in
some species, but this side effect is uncommon in horses. If
antibiotics must be administered intraoperatively, cephalo-
sporins, such as cefazolin, have been shown to produce mini-
mal cardiovascular depression.17

Timing of anesthesia and
animal preparation

Horses that are transported to the site of anesthesia should be
given time to acclimate to the environment. Horses that are
injured should be administered first aid, including splinting of
the injury, to stabilize their condition. Superior anesthetic
and surgical planning is possible if induction is not rushed.
The author withholds food for 4 to 6 hours before anesthesia
if possible in an attempt to reduce the amount of feed 
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Fig. 59.1
The posture of a horse after the administration of 1.0 mg/kg
of xylazine intravenously. Note the ventral position of the
head and neck, the relaxed facial muscles, and the unequal
distribution of weight on the rear legs.



material in the upper gastrointestinal tract. The mouth
should be rinsed prior to induction because foreign material
left in the mouth could be pushed into the trachea during
orotracheal intubation, leading to upper airway obstruction
during or following anesthesia. A large-bore intravenous
catheter should be placed in either jugular vein prior to
induction of anesthesia. Pre-existing fluid deficits should be
corrected prior to anesthesia. During anesthesia,
10 mL/kg/hour of balanced electrolyte solutions should be
administered to promote perfusion, replace the lack of fluid
intake, and replace insensible losses.

Induction of anesthesia

The smooth, safe and uneventful induction of anesthesia is
dependent upon trained personnel, proper premedication of
the animal, proper and timely administration of induction
agents, appropriate equipment and facilities, and an atmos-
phere free of unnecessary stimuli that may excite the patient.
Indoors, horses should be restrained against a solid wall with
their hindquarters in a corner, if possible (Fig. 59.2). One
assistant should be positioned at the horse’s shoulder and
another at the horse’s hip. The anesthetist should administer
the induction agent and hold the horse’s head in a neutral
posture until recumbency occurs. Some facilities utilize a 1.5
by 2.0 meter door securely mounted on a wall to facilitate
restraint for induction (Fig. 59.3). Horses that must be anes-
thetized in the open benefit from having a head and tail rope
applied before induction. As the horse begins to fall, it can be
pulled to the appropriate side. Alternatively, the horse can be
made to walk in small circles after the induction drugs are
given. The horse will tend to fall toward the outside of the
circle as the drugs take effect. The person holding the head

should protect the head from sharp blows during the induc-
tion period and maintain control at all times.

Many drugs and drug combinations have been used to
induce general anesthesia in horses (Table 59.2).21 Most
intravenous anesthetic techniques involve the combined use
of dissociative anesthetics (ketamine, tiletamine-zolazepam)
or thiobarbiturates (thiopental) and muscle relaxants (guai-
fenesin, diazepam). Horses that are non-weight bearing on
one limb benefit from rapid induction techniques in order to
minimize the period of ataxia that occurs as the drugs take
effect. The administration of any drug or drug combination
regimen designed to produce recumbency should always be
preceded by the administration of sufficient doses of seda-
tives and/or tranquilizers to produce a calm, manageable
patient.

Intravenous xylazine followed by intravenous ketamine
produces 10 to 15 minutes of general anesthesia.22

Xylazine-ketamine anesthesia produces recumbency with
maintenance of reasonable cardiovascular function and
acceptable respiratory depression. Recovery from anesthesia
is relatively rapid and uneventful, with the horse rising to its
feet 25 to 30 minutes after induction. Characteristically, an
apneustic or breath-holding respiratory pattern occurs. The
xylazine-ketamine technique has been modified in order to
improve the quality of anesthesia. The addition of diazepam
and/or butorphanol to xylazine-ketamine improves muscle
relaxation and analgesia with minimal cardiorespiratory
depression and increases the duration of anesthesia to
20–25 minutes.23,24 Alternatively, the proprietary combina-
tion of tiletamine and zolazepam can be administered after
xylazine to produce intravenous anesthesia or to induce
anesthesia prior to inhalant anesthesia.25 Tiletamine-
zolazepam is usually administered after sedation with an �2-
agonist and produces a longer duration of anesthesia than
diazepam-ketamine. Thirty minutes of anesthesia is pro-
duced with the horse returning to standing posture within
60 to 75 minutes. The recovery from anesthesia after tileta-
mine-zolazepam anesthesia is not as controlled as recoveries

1171
59 Anesthesia of the equine athlete

Fig. 59.3
A padded door, firmly attached to a wall, can be used to
control a horse’s movement as anesthetic induction occurs.

Fig. 59.2
Correct placement of a horse for induction of anesthesia.The
horse is positioned against a wall with its hindquarters in a
corner. One attendant pushes on the point of the hip and
another on the point of the shoulder.The attendant holding
the head lifts the head as the anesthetic drugs take effect.



from xylazine-ketamine anesthesia because of residual
weakness, presumably produced by the zolazepam.

Horses that bear weight on all four limbs benefit from the
gradual administration of guaifenesin and guaifenesin drug
combinations. Guaifenesin can be rapidly administered in 5%
or 10% concentrations until the horse begins to show signs of
muscle weakness and ataxia (weaving side to side, knees
buckling). When sufficient muscle relaxation is present, keta-
mine or thiopental is administered to produce recumbency.23

Guaifenesin combinations can also be used to extend the
anesthetic period if inhalant administration is not possible or
impractical.26,27 Guaifenesin (5%) solution can be combined
with xylazine (0.5 mg/mL) and ketamine (1–2 mg/mL) to
produce a solution that is called ‘Triple Drip’. The combina-
tion is administered to effect up to a rate of 2 mL/kg of body-
weight/hour producing total intravenous anesthesia (TIVA)
with excellent muscle relaxation and suitable analgesia. The
quality of recovery is generally good if the anesthetic period
is kept to less than one hour. ‘Triple Drip’ should not be 
used to produce anesthesia for greater than 90 minutes
unless oxygen supplementation and respiratory support are
provided.

An endotracheal tube should be placed if the adminis-
tration of inhalation anesthesia is anticipated or if oxygen
supplementation is desired. Twenty to 30 mm (internal
diameter) endotracheal tubes should be used in adult horses.
A piece of plumber’s pipe (5.0 cm in diameter) covered with
non-slip tape is a useful bite block (Fig. 59.4). The tube is
passed blindly while extending the head dorsally. Successful
placement is confirmed by the minimal resistance to
advancement when the tube is in the trachea and the passage
of air with respiration.

Padding and positioning

Horses anesthetized and positioned on their side (lateral) or
back (dorsal) recumbency are prone to myositis or neuro-
genic paralysis because of their great weight. Practical steps
toward preventing these complications include the main-
tenance of adequate arterial blood pressure (mean arterial
blood pressure greater than 60 mmHg), assuring proper ven-
tilation and oxygenation, minimizing anesthetic duration,
and padding and positioning the patient properly. All weight-
bearing surfaces of the horse should be padded when the
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Drug Dose Comments

Ketamine 1.5–2.0 mg/kg, i.v. Horses must be maximally relaxed prior to 
administration. Relaxation can be produced with 
xylazine, diazepam, or guaifenesin

Thiopental 4–6 mg/kg, i.v. with Potential for apnea with administration of large boluses.
guaifenesin, Use with guaifenesin to allow a reduction in dose
7–12 mg/kg without

Guaifenesin 50 mg/kg, i.v., to effect Primarily a muscle relaxant. Do not use alone. Use in 
sedate horses in combination with ketamine or 
thiopental

Diazepam 0.06–0.1 mg/kg, i.v. Primarily a muscle relaxant. Used primarily with 
ketamine

Tiletamine-zolazepam 0.7–1.0 mg/kg, i.v. Horse should be fully sedate before administration.
Produces 30 minutes of anesthesia with good muscle
relaxation. Hypoventilation may occur

‘Triple-drip’ 2 mL/kg/h Not used for induction in adult horses. Used to extend 
(mixture of xylazine-ketamine or xylazine-diazepam-ketamine
guaifenesin 5%, anesthesia. Monitor ventilation and the degree of
ketamine 0.1%, and muscle relaxation
xylazine 0.05%)

Table 59.2 Drugs used for induction and maintenance of anesthesia in sedate horses

Fig. 59.4
A 10 cm section of plumber’s pipe is a useful speculum for
endotracheal tube placement.The plastic pipe is covered with
adhesive material to reduce slippage.



horse is recumbent with particular attention paid to bony
prominences (Fig. 59.5). A 2 m by 3 m foam rubber pad
20 cm thick works well for horses anesthetized and placed in
lateral recumbency. Additional pads should be placed
between the rear legs to support the upper leg.

Maintenance of anesthesia

Halothane, isoflurane and sevoflurane are the primary
inhalation anesthetics used in the horse. All three drugs can
safely be used to anesthetize horses, and the choice is left to
personal preference.28,29 Halothane produces relatively rapid
induction to and recovery from anesthesia. Isoflurane and
sevoflurane produce more rapid induction and recovery than
halothane.30 There is better maintenance of cardiac output
with isoflurane, but arterial blood pressures may be lower
than with halothane anesthesia. The cardiovascular profile of
sevoflurane is similar to isoflurane. Respiratory depression is
greater with isoflurane and sevoflurane than with halothane.
Horses anesthetized with isoflurane or sevoflurane may 
benefit from the administration of a small dose of xylazine
(0.1–0.2 mg/kg, i.v.) during recovery from anesthesia.31

Monitoring anesthesia

Careful attention is paid to the cardiovascular system, the
respiratory system, and ocular reflexes. Evaluations of these
systems should be regularly recorded (every 5 minutes). As
inhalant anesthesia deepens to surgical planes, the eye
rotates medially, the eyelids cease voluntary closure, and tear
production decreases. Lateral nystagmus may continue until
surgical anesthesia is reached. The palpebral reflex (eyelid
closure following brushing of the lids) should decrease as
anesthesia deepens, and is generally weak but present during
surgical anesthesia. Corneal reflexes (closure of the eyelids in

response to pressure on the cornea) should be present at all
times during anesthesia. The anal reflex can be used to eval-
uate the depth of anesthesia if the head is covered; its absence
indicates that the animal is too deeply anesthetized.

The heart rate in anesthetized horses normally ranges
between 25 and 50 beats/min and does not usually change 
as the plane of anesthesia deepens or lightens. Anti-
cholinergics should be given to increase rates when less than
25 beats/min. Heart rates in excess of 50 may indicate
inadequate planes of anesthesia, hypotension, hypercarbia or
hypoxemia. Directly measuring arterial blood pressure and
recording the electrocardiogram accomplish more definitive
monitoring of the cardiovascular system. The facial, trans-
verse facial, and great metatarsal arteries are all easily pal-
pated and catheterized (Fig. 59.6). Mean arterial blood
pressure should range between 60 and 90 mmHg during
anesthesia. A mean arterial blood pressure less than
60 mmHg is associated with postanesthetic rhabdomyolysis
and the loss of autoregulation of blood flow to vascular
beds.32 Mean arterial blood pressures greater than 90 mmHg
are a sign of light anesthetic planes, and movement should be
anticipated.

Hypotension is treated by decreasing the delivery of anes-
thetics (if possible), administering intravenous fluids, and
administering vasoactive drugs. If the anesthetic plane is
appropriate, the rate of fluid administration should be
increased. The choice of fluid is determined by the horse’s
physical condition, acid–base, and electrolyte status.
Hypotension that does not respond to fluid therapy is treated
with vasoactive agents such as dobutamine or ephedrine.
Dobutamine (1–5 �g/kg/min) is given by infusion and
titrated to maintain the desired arterial blood pressure.33

Signs of dobutamine overdose include tachycardia, hyper-
tension, and supraventricular and ventricular premature
arrhythmias. The infusion should be reduced or discontinued
if signs of toxicity occur. Ephedrine administration increases
arterial blood pressure and cardiac output.34 Ephedrine
(0.05–0.1 mg/kg) is given as an intravenous bolus and
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Fig. 59.5
An appropriately padded anesthetized horse in right lateral
recumbency.The weight of the left leg is supported by a pad
placed between the hocks to reduce compression of the
vessels of the right leg.

Fig. 59.6
A 20-gauge over-the-needle catheter placed in the transverse
facial artery.



produces effects that persist for 20 to 30 minutes or longer.
The administration of calcium solutions may produce
increases in arterial blood pressure, particularly if ionized
calcium levels are marginal or decreased.

Respiration and oxygenation should be monitored by meas-
uring ventilatory rate and measuring arterial blood gases and
pH. Horses that are kept anesthetized for longer than 60
minutes can be expected to hypoventilate. If anesthetic dura-
tions of 60 minutes or greater are anticipated, intermittent
positive pressure ventilation should be instituted, if possible, as
soon as adequate arterial blood pressures are assured.
Measurement of the end-tidal concentration of carbon dioxide
in the expired airway gas can be used as an indirect assessment
of arterial carbon dioxide tension, but the only consistent
measurement of adequate ventilation and oxygenation is the
measurement of arterial blood gases.35 If spontaneous ventila-
tion is inadequate, controlled ventilation should be instituted.
Initial tidal volumes should be set at 12 to 18 mL/kg. Peak
inspiratory pressure should be 20 to 30 cm of water.
Respiratory rates should range from 5 to 8 breaths/min.

Horses that are being ventilated correctly (PaCO2 of
40 mmHg) occasionally become relatively hypoxemic (PaO2
less than 100 mmHg) during anesthesia. The cause of the
hypoxemia is primarily attributed to mismatches of ventila-
tion and perfusion that occur when horses are placed in
lateral or dorsal recumbency. Increasing cardiac output by
the administration of fluids and drugs promoting cardiac
contractility may help to prevent or reduce arterial hypo-
xemia. Positive end-expiratory pressure can be used to
increase arterial oxygenation but this occurs at the expense of
cardiac output because of limited venous return.36

The postoperative period

Recovery is the most difficult phase of equine anesthesia to
control.30,37 Optimally, horses should lie quietly for 20 to 
35 minutes and regain the standing position in one attempt.
Horses may attempt to rise too soon, particularly if sevoflurane
or isoflurane are used as maintenance anesthetics. Horses
attempting to rise too soon should be sedated with small doses
of xylazine (0.2 mg/kg, i.v.). If the horse has not attempted to
rise one hour after the end of anesthesia, a handler should
enter the recovery stall and stimulate the horse.

The most important feature of any area for recovery of
anesthesia is a non-slip flooring surface. Horses exert consid-
erable force as they rise and it is imperative that their feet do
not slip as they place them to stand. There are a number of
commercial surfaces available. The most consistent surfaces
are wrestling or tumbling mats (Fig. 59.7). Three meter by
four meter pads, 3 to 4 cm thick, work well. The mats com-
press as the horse rises, providing secure footing whether wet
or dry. The recovery area should be quiet and have lights that
can be dimmed. The walls should be padded with secure rings
placed 2–3 meters from the floor to facilitate the use of ropes
for assisting recovery. Ideally, a ceiling hook should be present
for a hoist and sling. Two handlers should remain in the
immediate area until the horse is standing. The horse can be

helped to its feet by placing a head rope and tail rope (assisted
recovery) and running the ropes through rings on opposite
sides of the recovery stall (Fig. 59.8). The head and tail ropes
are tightened for support as the horse rises to its feet, helping
it to balance. More experienced handlers may prefer to
remain in the recovery stall with the horse and simply grasp
its halter or tail to steady it as it rises. If recovery is to occur
out of doors, turf provides excellent footing for recovery and
some padding should the horse fall.

Some horses become hypoxemic when they are dis-
connected from the anesthetic machine for recovery because
of the sudden decrease in inspired oxygen concentration.
Oxygen can be insufflated during the recovery period with a
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Fig. 59.7
A horse resting on a 15 cm thick foam rubber pad in a
recovery stall.A wrestling or tumbling mat is placed to
provide good footing when the horse attempts to rise.
Cotton ropes run from the halter and the tail to rings affixed
to the walls of the recovery stall.

Fig. 59.8
A cotton rope running through a ring affixed to a concrete
block wall with expansion bolts.The rope is used to assist and
control recovery from anesthesia.



nasal oxygen catheter or demand valve.38 For insufflation,
oxygen flow rates should be set at a minimum of 15 L/min to
effect a demonstrable change in arterial oxygen tension. More
efficient methods of delivering oxygen can be achieved by
using a demand valve, which supplies oxygen at high flow
rates during the inspiratory phase of respiration (Fig. 59.9).
Extubation is performed when the horse begins to swallow
and attempts to chew. Prolonged anesthesia in dorsal recum-
bency can lead to edema of the nasal folds and mucosa of the
turbinates. Upper airway obstruction due to edematous nasal
folds or turbinates can be relieved by manually holding the
nasal cartilages open or by nasotracheal intubation if the
obstruction is severe (Fig. 59.10). Rarely, laryngospasm or
laryngeal paralysis occurs after the endotracheal tube is
removed.

Horses that fail to rise within 90 minutes after the end of
anesthesia should be evaluated for possible weakness, rhab-
domyolysis or neuropathy. Postoperative weakness can result
from lingering drug effects, hypotension, or electrolyte abnor-
malities (hypokalemia or hypocalcemia). Horses that attempt
to stand but are non-weight bearing on one or more limbs
should be evaluated for orthopedic injuries, rhabdomyolysis
or neuropathy. Distinguishing rhabdomyolysis from neuro-
pathy may be difficult in the horse recovering from anesthe-
sia. Rhabdomyolysis most often affects the gluteal and the
quadriceps muscles, whereas neuropathy affects the peroneal
nerve supplying the extensors of the rear leg. Large quantities
of myoglobin in the urine and the presence of swollen, hard-
ened, affected muscles help differentiate rhabdomyolysis from
neuropathy. Other conditions encountered in recovery
include femoral and radial nerve palsy and paralysis. The
incidence of these conditions is greatly reduced if appropriate
padding and positioning are used. Horses that can stand on
three legs have a good prognosis for recovery from rhab-
domyolysis or neuropathy and generally respond to treat-
ment within 72 hours. Horses that are bilaterally affected
and unable to stand have a poorer prognosis.

Emergency sedation and
anesthesia of the exhausted
horse

Veterinarians and other personnel providing emergency care
to horses injured while exercising are often faced with
patients that are exhausted, excited, painful, and physically
challenged (they may be recumbent or non-weight bearing
on one or more limbs). This presentation, coupled with an
animal whose evolutionary response to danger is flight,
creates the potential for complicated patient management.

Horses that are injured when exercising may be unable
to undergo the active ‘cool-down’ period that is usually
incorporated into exercise regimens. This interruption
delays the return of hemodynamics and acid–base values to
pre-exercise levels.39 Cardiac output remains increased
when horses walk after exercise, leading to more rapid
reductions in venous blood lactate concentrations and
increases in serum bicarbonate concentration (Fig. 59.11).
Most indices return to pre-exercise levels within 60 to 
90 minutes whether the horses walk or stand stationary,
but increases in rectal temperature persist.

Horses that are injured and cannot ambulate should have
an intravenous catheter placed as soon as is practically possi-
ble. The early placement of a catheter allows replacement of
lost fluids (perspiration, hemorrhage) and facilitates the
delivery of sedatives, analgesics and anesthetic agents, if
necessary. Injured horses, if agitated, may refuse to drink,
thus delaying complete recuperation. The potential for the
development of shock is common to most such situations.
Volume replacement with balanced electrolyte solutions is of
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Fig. 59.9
A demand valve is used to ventilate horses in recovery.
Depression of the button on the end of the valve causes
oxygen to flow.The button is depressed until a normal chest
wall excursion is produced.The button is released and
exhalation occurs.

Fig. 59.10
A 14 mm endotracheal tube placed in the ventral nasal meatus
to facilitate respiration in the horse recovering from
anesthesia.The tube is tied to the halter to ensure it can be
retrieved after the horse stands.
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Fig. 59.11
Blood lactate concentrations in horses recuperating from maximal exercise.The data represent mean ± standard error of the mean
for six horses. *Indicates significant (P < 0.05) differences from baseline values within a trial. † Indicates significant (P < 0.05)
differences from other groups at a given time. Reprinted with permission from Hubbell JAE, Hinchcliff KW, Muir WW, et al.
Cardiorespiratory and metabolic effects of walking, standing, and standing with a splint during the recuperative period from maximal
exercise in horses.Am J Vet Res 1997; 58:1007.

Fig. 59.12
Mean blood temperature versus skin temperature difference for horses given various sedatives or saline solution immediately after
maximal exercise on a treadmill. Error bars represent standard error. *Indicates significant (P < 0.05) differences from baseline value
for that treatment. † Indicates significant (P < 0.05) differences from control values (i.e. the value obtained when horses were given
saline solution). Reprinted with permission from Hubbell JAE, Hinchcliff KW, Schmall LM, et al. Cardiorespiratory and metabolic
effects of xylazine, detomidine, and a combination of xylazine and acepromazine administered after exercise in horses.Am J Vet Res
1999; 60:1276.



benefit regardless of the need for chemical restraint. Other
supportive care may include non-steroidal anti-inflammatory
drugs, antibiotics and oxygen administration.

The need to provide sedation and analgesia must be care-
fully assessed. First aid should include immobilization of the
injury if possible and cessation of hemorrhage if present.
Sedatives and tranquilizers can be safely administered to
exhausted horses if indicated.40 The doses required to
produce full effects are approximately twice those needed in
horses at rest, but unless the animal is completely uncontrol-
lable, smaller doses should be given and repeated to effect.41

Xylazine (2.2 mg/kg, i.v.) alone and in combination with ace-
promazine (0.04 mg/kg) administered to horses immediately
after exercise produces heavy sedation with pronounced
muscle relaxation sufficient for subsequent induction of
anesthesia. Alternatively, detomidine (0.04 mg/kg, i.v.) can
be used. The cardiorespiratory depression produced by the
administration of these doses was qualitatively similar to that
seen when standard doses are administered to horses at rest
but does prolong recuperation and exercise-induced
increases in body temperature (Fig. 59.12). If less pro-
nounced sedation is desired, standard doses of detomidine
(0.01–0.02 mg/kg, i.v.), xylazine (1 mg/kg, i.v.), or a combi-
nation of acepromazine (0.02 mg/kg, i.v.) and xylazine
(1 mg/kg, i.v.) can be given and the response assessed in 2 to
5 minutes. The need for additional incremental doses is likely.
The drugs should be repeated at a rate of one-half the stan-
dard dose to effect.

Calming and sedation should be produced before opioids
or other analgesic agents are administered. Opioids (mor-
phine, butorphanol, hydromorphone) carry the potential of
producing excitement. This effect is most often seen in pain-free
animals, but prior administration of a sedative or tranquilizer
reduces its likelihood. Butorphanol (0.01–0.02 mg/kg) aug-
ments sedation and provides analgesia of short duration.
Morphine (0.05–0.1 mg/kg) can provide more profound
analgesia. With larger doses horses may head-press and try to
move forward. Horses receiving morphine should be carefully
monitored for 6 to 8 hours after administration because of
the potential for hyperactivity due to residual opioid concen-
trations. Hyperactivity can be controlled with the adminis-
tration of small doses of sedatives.

Anesthesia can be safely induced if sufficient sedation is
produced.42 Anesthesia is rarely indicated but can be utilized
to facilitate removal of the horse from a public or precarious
situation, to prevent further exacerbation of an injury, or 
to provide an opportunity for further diagnostic tests
including radiography. The combinations of diazepam-
ketamine or zolazepam-tiletamine cause anesthesia of 20 to
30 minutes’ duration when administered to sedate horses.
The cardiorespiratory effects of these combinations in
exhausted horses are qualitatively similar to those seen
when horses at rest are administered the same drugs. The
return of exercise-induced increases or decreases in car-
diorespiratory and metabolic indices to pre-exercise levels 
is delayed when short-term anesthesia is performed.
Intravenous anesthesia can be safely extended with inhalant
agents when indicated.43 Larger ventilatory volumes may be

required to maintain normal arterial partial pressures of
carbon dioxide. Exercise-induced changes in metabolic
indices such as pH and serum bicarbonate can be returned
to normal if intravenous fluids are administered and ‘light’
anesthetic levels are utilized. Exercise-induced increases 
in body temperature may persist for the duration of the
anesthetic period.
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Initial assessment

History

Fractures or luxations should be suspected if a loud crack is
heard, there is acute non-weight-bearing lameness, the limb
is misaligned, or the limb is visibly unstable.

Physical examination

Physical examination of the injured horse should be com-
pleted in the best possible setting to avoid further injury to the
horse, or to bystanders. Help should be obtained to facilitate
crowd control. A knowledgeable handler should be identified
to help with horse restraint. While the veterinarian is exam-
ining the horse, the person responsible for making decisions
on the patient should be sought, and emergency transporta-
tion (ideally, an equine ambulance) should be organized.

If the horse is recumbent, examination should be completed
before attempting to stand the horse. If the horse is standing,
examination should be completed before attempting to move
the horse. Sedation and a twitch can be used to help restraint.
For sedation, an �2-agonist such as xylazine, or xylazine and
acepromazine can be used. If sedation is needed immediately
after maximal exercise, up to double the standard dosage
regimen may be required to achieve effective sedation.1

Butorphanol or detomidine should be reserved for horses that
are not controlled with xylazine. It is important to remember
that �2-agonists will often cause the horse to lean forward,
which may increase the weight on an injured forelimb and
decrease the ability to manipulate the limb. Therefore the
minimal effective dose should be used. In addition, heavy seda-
tion will prolong the exercise-induced increase in body temper-
ature, which may be significant in hot humid environment.
Active cooling by washing with cold water is an effective
method of facilitating heat dissipation.2 If the horse is recum-
bent and there is concern for a serious injury, general anesthe-
sia should be induced and maintained until further assessment
is made. General anesthesia can be safely induced in horses 
following maximal exercise using sedation with a combination 
of xylazine and acepromazine, followed by induction of

The most commonly encountered emergencies in the athletic
horse involve the musculoskeletal system. These include frac-
tures, luxations, lacerations, puncture wounds, infection,
and exertional rhabdomyolysis. Other injuries include head
and ocular injuries. Although most of these conditions
cannot be treated in the field, accurate identification and pro-
vision of appropriate emergency treatment are essential for a
successful outcome.

Fractures and luxations

● A thorough physical examination is warranted for any
athletic horse injury.

● Completion of physical examination can be complicated
by the severity of the injury, and other factors such as
anxiety, exhaustion, dehydration, and owner/trainer
anxiety.

● The goals of initial coaptation of fractures are to relieve
anxiety; prevent further injury; and allow safe transporta-
tion for additional evaluation.

● Emergency coaptation of unstable limbs should be per-
formed before radiographic evaluation or transportation
to a surgical facility.

● Appropriate transportation of the injured horse is
important.

Emergency procedures and 
first aid
Joanne Hardy
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anesthesia with ketamine and diazepam or tiletamine-
zolazepam. The combination of guaifenesin and thiopenthal
produces more hypotension and is less desirable.3

Once restraint is achieved, a brief assessment of circula-
tory status should be made, by evaluating heart rate, mucous
membrane color, capillary refill time, and pulse quality.
Identification of a heart rate of greater than 80 beats per
minute accompanied by a delayed capillary refill time and
poor peripheral pulse quality indicates the need for intra-
venous fluid support.

Once the general status of the patient has been assessed,
location and assessment of the injury follows. It is useful to
divide the limbs into four levels, which will help define the
method of coaptation (Fig. 60.1).4 Note that flexor tendon
injuries located at the level of the metacarpus/metatarsus are
considered level 1 injuries.

The presence of a fracture can be determined by instabil-
ity, crepitus, or abnormal motion. Luxations can be suspected
when there is abnormal lateral to medial motion at the level
of a joint, and can be confirmed with stress radiographs.

Special examination

Radiographic examination is indicated to confirm the pres-
ence of a fracture or luxation. If radiographic equipment is
unavailable on site, external coaptation should be applied as
if a fracture or luxation exists and the horse transported to a
referral facility for further examination.

It is important also to remember that incomplete (hairline)
fractures of the radius, tibia and other bones can be difficult
to demonstrate radiographically, particularly in field condi-
tions. Therefore, in the presence of severe lameness with pain
localized to a long bone, external coaptation should be com-
pleted before transportation, to avoid catastrophic displace-
ment of a fracture.

Laboratory examination

Laboratory determinations of biochemistry profile indices are
more commonly available even in field situations. If available,
parameters of hydration and electrolyte balance are useful to
dictate fluid volume and type.

Emergency treatment

Therapeutic aims
● Relieve anxiety.
● Immobilize fracture or luxation for transportation.
● Prevent further damage.
● Provide safe transportation.

Therapy

The principles of emergency coaptation include:
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No immobilization necessary

Robert-Jones bandage with
extended lateral splint

Robert-Jones bandage with
caudal and lateral splint
Caudal splint to lock carpus
in extension

Dorsal splint
Includes tendon injuries

No immobilization
necessary

Robert-Jones bandage with
extended lateral splint

Robert-Jones bandage with
plantar and lateral splint

Plantar splint
Includes tendon injuries

Fig. 60.1 
Classification of the level injury system used to understand methods of external coaptation. (After Bramlage LR. First aid and
transportation of fracture patients. In: Nixon,AJ, ed. Equine fracture repair. Philadelphia:WB Saunders; 1996:38, with permission.)



● appropriate wound care before application of external
coaptation

● provision of adequate padding to prevent skin abra-
sions

● immobilization of the joint below and above the area of
injury

● prevention of latero-medial and cranio-caudal motion
● never ending a splint in the middle of a long bone

segment, or at the end of a fracture line.

Bandage and splint application

Any wound should be carefully cleaned and debrided. An
antiseptic ointment can be applied and held in place with
conforming gauze. Cotton padding is applied to the entire
length of the segment to be immobilized, and held in place
with gauze followed by non-stretch bandage material. The
bandage should be snug, to avoid loosening with packing of
the cotton material. The splint(s) is(are) then applied and held
in place, ideally with fiberglass casting tape. This is particu-
larly useful if there is a luxation, as these can be difficult to
keep stabilized. If unavailable, heavy tape can be used. It is
important to make sure the splints are well padded to avoid
the development of sores.

Materials needed for emergency coaptation of fractures or 
luxations:

Cotton padding
Conforming gauze
Non-elastic bandage
Tape
Casting tape
Splints: PVC pipe material or 2 inch × 4 inch boards of

different lenghts
Immobilization of level 1 injuries Level 1 injuries
include phalangeal fractures, fetlock, pastern or coffin joint
luxations, and severance of one or more flexor tendons.
Although technically a level 1 injury, extensor tendon lacer-
ations require a different mode of splint application and will
be presented separately. Forelimb and hindlimb immobiliza-
tion differ slightly, because of the presence of the reciprocal
apparatus in the hindlimb.
Forelimb In forelimb injuries, immobilization is best
accomplished by aligning the cannon bone with the pha-
langes, to establish a straight column (Fig. 60.2). The horse
will bear weight on its toe. To accomplish this goal, the fore-
limb is held above the carpus, bandaged, and the splint is
applied on the cranial aspect of the distal limb, extending
from the toe to the carpus. If there is latero-medial instability,
a lateral splint can also be applied.
Hindlimb In the hindlimb, the reciprocal apparatus pre-
vents extension of the distal limb if the animal is non-
weight bearing. Therefore the limb is best immobilized by
applying the splint on the caudal aspect of the limb, from
the toe to the point of the hock (Fig. 60.3). Again, if there is
latero-medial instability, a lateral splint should also be
placed.
Use of the Kimzey apparatus (Kimzey Leg Saver, Kimzey
Metal Products, Woodland, CA; www.kimzeymetalproducts.com).

A commercially available splint is available for level 1 injuries
(Fig. 60.4). The advantages of this splint are that it is readily
available, easy to apply and is effective in achieving immobi-
lization. Two configurations are available: one with a slightly
forward angled bar (for the forelimb) and one with a back-
ward angle with the curve at the level of the fetlock (for the
hindlimb). In the author’s experience, the forward angle
configuration is more effective for either fore- or hindlimb
injuries. The hindlimb splint has a heel piece to facilitate
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weight bearing. Alternatively, a heel piece can be welded onto
the splint to increase weight-bearing surface area. Non-slip
tape should be placed on the foot plate to make it less slippery,
particularly on cement floors.
Extensor tendon injuries With complete severance of both
extensor tendons of the forelimb or hindlimb, the horse will
knuckle over, which can cause injury to the dorsal aspect of
the fetlock and further disruption of the wound. In this
instance, external coaptation is needed to prevent knuckling
over at the fetlock. A splint is applied to the cranial aspect of
the fore- or hindlimb, with the hoof flat on the ground.
Immobilization of level 2 injuries Examples of level 2
injuries include cannon bone fractures, wounds of the
carpus or hock, olecranon fractures and radial nerve paraly-
sis. Forelimb and hindlimb immobilization will again be dis-
cussed separately, because the angle of the hock requires a
different splint configuration.
Forelimb In level 2 injuries, two splints are needed, applied
at a 90° angle, with one splint lateral and one splint caudal.
The splints need to extend from the hoof to the elbow (Fig.
60.5). For olecranon fractures and radial nerve paralysis, the
goal of immobilization is to prevent tendon contracture and
injury to the dorsal aspect of the limb. Only a caudal splint is
needed for these types of injuries.
Hindlimb As in the forelimb, two splints are needed, one
applied laterally and the other applied caudally, from the hoof
to the stifle. The angle of the hock makes it difficult to apply a
caudal splint. Therefore the caudal splint can end at the point

of the hock, rather than at the stifle (Fig. 60.6). Alternatively, if
possible, a splint can be molded to the hock so it can be applied.
Immobilization of level 3 injuries Level 3 injuries
include fractures of the radius or tibia. With fracture, the
flexor muscles become abductors, resulting in displacement
and comminution of the medial aspect of the limb. The
medial aspect of both the radius and ulna does not include a
muscle mass to help prevent penetration of the skin by frac-
tured bone. Therefore the goal of external coaptation is to
prevent abduction of the limb.
Forelimb The splint is applied to the lateral aspect of
the limb, and must extend from the hoof to the withers 
(Fig. 60.7). The tip of the splint can be taped around the chest
for further stability.
Hindlimb The splint is applied to the lateral aspect of the
limb, extending from the hoof to the hip (Fig. 60.8).
Immobilization of level 4 injuries Level 4 injuries
include fractures of the scapula, humerus, femur or pelvis.
External coaptation is not recommended for these injuries as
these areas are not amenable to bandaging. Reliance on the
hematoma and swelling around the injury for immobilization
is needed. A bandage should not be applied to the distal limb,
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Fig. 60.5
Application of splints for level 2 injury to the forelimb.

Fig. 60.4
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(reproduced by
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John W. Kimzey,
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Products, CA).



as it will make it more awkward to move, and may increase
motion at the fracture site. If a fractured pelvis is present, the
need for transportation should be discussed, as moving of the
fracture segments can result in lacerations of major vessels.
General anesthesia for pelvic fracture should be delayed for 
3 to 4 weeks, to avoid fatal hemorrhage.

Guidelines for safe transportation

Before loading an injured horse, proper functioning of the
vehicle should be assured. The horse should be stabilized, and
the injury immobilized as best as possible before loading. 
All relevant paperwork (medical records, insurance informa-
tion, contact numbers and map to referral facility) should be
gathered, and the referral facility contacted.

The injured horse will need to negotiate loading and unload-
ing a trailer with a potentially cumbersome splint applied to the
injured leg. A low ramp will facilitate this process. While in the
trailer, the horse may lean on the wall and partitions to help
reduce the load on the injured leg. It will be easier for the horse
to travel with partitions in place rather than loose in a makeshift
stall. A sling can be placed under the horse’s abdomen to help

the horse take weight off the injured limb. Many trailers today
have standing stalls at 45° angles (slant load trailer), which
helps horses balance during transport. If a regular straight-load
trailer is used, the horse should face backward for a forelimb
injury, and forward for a rearlimb injury, to help cushion sudden
stops. Finally, providing hay will help relieve anxiety, and fre-
quent stops should be made to check on the status of the 
horse and provide drinking water. If significant cardiovascular
compromise exists intravenous fluids can be administered while
in transit.

If the horse is deemed severely injured and needs to
remain recumbent, it can be pulled onto the trailer using a
large tarp or blanket. The horse should be kept sedated during
transport, to avoid injuries. A head protector (Equine head
protector, Jupiter Veterinary Products, Harrisburgh, PA) or
bandage can be used to protect the eye and head from self-
induced trauma. Bandages should be applied to the lower
limbs, also to avoid trauma caused by paddling.
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and rolled
cotton bandage

Fig. 60.7
Application
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for level 3
injury in a
forelimb.
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Fig. 60.6
Application of a splint for level 2 injury in a hindlimb.



Wounds and lacerations

● First step: identification of all involved structures.
● Control of hemorrhage.
● Determine need for referral based on the presence of:

tendon injury
penetration of synovial structure
extensive degloving injury
severe blood loss.

● Provide tetanus prophylaxis, analgesia, and appropriate
antibiotic therapy.

● In severe blood loss, provide cardiovascular support.

Assessment of wounds and 
lacerations

As with any condition, a general physical examination
should be briefly completed before addressing the primary
problem. If the wound is located on a limb, the presence and
degree of lameness should be noted. The presence and sever-

ity of lameness is an important sign of a potentially more
serious injury.

The wound is then evaluated for the following findings.

Location

Wounds in the following locations should be explored in
detail for injury to important underlying structures:

● wounds over joints or tendon sheaths
● wounds over tendons, particularly flexor tendons
● wounds that have bone exposed, or that are down to bone.

Hemorrhage

The presence of severe hemorrhage may require hemorrhage
control before further wound assessment is possible. Severe
hemorrhage is best controlled using a pressure bandage
applied directly over the bleeding area. Attempts to find the
bleeding vessels are usually not successful.

Wound configuration

Certain wound configurations may lead to significant damage
to blood supply to the skin and subcutaneous tissues and will
result in sloughing. Examples include an inverted ‘V’ configura-
tion, or significant bruising or trauma to adjacent tissue.

Penetration of a body cavity

Wounds over the chest or abdomen have the potential for
penetrating injuries to important organs. In the case of
thoracic wounds, development of an open or closed pneumo-
thorax can lead to severe respiratory distress. Any horse with
chest trauma and respiratory distress should be evaluated for
the presence of pneumothorax.

Determination of synovial structure
involvement

The potential involvement of a synovial structure should 
be immediately determined. To evaluate penetration of a
synovial structure the following steps can be taken:

● The horse is restrained and sedated as needed.
● A site of entry of the joint or tendon sheath remote from

the wound is chosen.
● The site is clipped and prepared aseptically.
● Using sterile technique, saline or a balanced electrolyte solu-

tion is injected into the synovial structure, using an amount
sufficient to achieve distension. The amount can vary from a
few milliliters in the case of a distal tarsal joint injury to
100 mL or more for the femoro-patellar joint (Fig. 60.9). It is
also important to assess all possible joint compartments. The
wound is observed for leakage of the injectate.

Determination of tendon involvement

Extensor tendon injury of the distal limbs will result in inabil-
ity to appropriately place the hoof on the ground, resulting in
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the horse knuckling over. For this to occur, both tendons will
have to be involved in proximal metacarpal/tarsal injuries.

Flexor tendon injuries will result in hyperextension of the
fetlock (superficial digital flexor), lifting up of the toe (deep
digital flexor) (Fig. 60.10) or complete dropping of the fetlock
to the ground (severance of the suspensory ligament). In
order to observe this the horse must bear weight on the limb
at least transiently. Importantly, in the case of complete sus-
pensory breakdown, there can be severe stretching of digital
vessels, which can lead to thrombosis and avascular injury to
the hoof. In complete breakdown injury, it is therefore critical
to support the fetlock and not allow weight bearing until
further stabilization can be performed.

Emergency treatment of limb wounds
and lacerations

Wound care

The goal of initial wound care is to decontaminate the wound
as much as possible, and prevent further contamination
during transportation. Lavage with saline and sharp debride-

ment of gross contaminants are used to accomplish this goal.
Local antiseptics or antibiotics can be then packed in the
wound to further decontaminate it.
Limb immobilization Immobilization of the limb will be
needed if there is injury to a supporting structure (bone
tendon) or significant instability (luxation). Refer to the above
section for a description of the appropriate method of immo-
bilization.

Emergency treatment of wounds involving
the chest or abdominal cavity

Pneumothorax An open chest wound (Fig. 60.11) can
result in the development of pneumothorax. Pneumothorax
will cause respiratory distress manifested by a restrictive
pattern of breathing. On auscultation, there will be absence
of sound in the dorsal lung fields. Because of the incomplete
mediastinum in horses, a unilateral chest wound can lead to
bilateral pneumothorax.

An open pneumothorax is managed by providing a tem-
porary seal over the chest wound. This is accomplished by
bandaging the wound and applying an impervious airtight
layer of a material such as plastic (Fig. 60.12). The chest is
then evacuated by inserting a 14-gauge catheter using
aseptic technique in the dorsal aspect of the 12th intercostal
space, and aspirating the air out of the chest. The use of a
three-way stopcock will facilitate this procedure.
Penetrating abdominal wounds Penetrating abdominal
wounds are serious and potentially fatal injuries. They can lead
to penetration of a viscus, or development of peritonitis. If a
penetrating wound is suspected, the wound should be cleaned,
explored for the presence of a foreign body, and debrided. An
abdominocentesis can be performed to detect fecal contamina-
tion indicative of a ruptured viscus. However, abdominocente-
sis may not be diagnostic in this early stage of peritoneal
contamination, as indicators of peritonitis take several hours to
develop. The wound can be bandaged, and broad-spectrum sys-
temic antibiotics initiated. In the presence of a large wound, 
or if abdominal musculature is involved, the abdomen can be
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Fig. 60.9
Injection of the middle carpal joint showing communication of
the joint with a wound.

Fig. 60.10
Hyperextension of the coffin joint in a horse with a
completely severed deep digital flexor tendon.



supported (Equus Sta-Put equine abdominal support, Equus
Therapeutics, Inc, Afton, VA).

Head injuries

Head injuries can result in severe central nervous system
damage. Central nervous system (CNS) injury can be
primary where contusions, lacerations and hemorrhage
cause the acute damage, or secondary, when subsequent
edema, reperfusion injury and necrosis result in worsening of
the injury. Therapy for head injury is aimed at minimizing
secondary CNS damage.

The causes of head injury in athletic horses include direct
trauma from a fall, a blow to the head or falling over back-
wards onto the poll region. The associated injuries include
basisphenoid fractures and avulsion of the ventral straight
muscles of the head.

Basisphenoid fractures

The location of this injury can result in acute optic nerve
damage, and cerebral signs. Temporary blindness can result.
The diagnosis is made by radiography (Fig. 60.13), and treat-
ment is targeted towards minimizing secondary brain
damage, and supportive care.

Rectus and longus capitis muscle
rupture

This injury occurs most commonly from falling over back-
wards. The muscles attach to the base of the cranium, and with
injury hematoma, and even avulsion fractures of the muscular
insertion, can result. Because of the location of these muscles
within the guttural pouch septum, hematomas can rupture
into one of the guttural pouches, resulting in epistaxis. This
epistaxis can be severe, and may require blood transfusion.
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Fig. 60.12
Application of an airtight bandage to a horse with open
pneumothorax.

Fig. 60.11
Open chest injury and pneumothorax in a horse. Note the
placement of a 14-gauge catheter at the 12th intercostal space
dorsally to evacuate air from the chest.



The diagnosis of this injury is made by endoscopy, where
an epistaxis of guttural pouch origin is identified, in conjunc-
tion with a large hematoma in the guttural pouch septum.
Radiographs are useful to demonstrate an avulsion fracture
accompanied by a soft tissue opacity overlying the guttural
pouches (Fig. 60.14).

Treatment is supportive, with anti-inflammatory drugs
and edema-reducing agents.

Treatment of acute head injuries

Horses with head injury can be severely ataxic, and need to
be handled and moved with extreme caution. If the horse is
down, a short-term general anesthesia is best used to move
the horse to a referral facility for further evaluation.

Non-steroidal anti-inflammatory drugs (NSAIDs) are used
to minimize inflammation. Although controversial, corti-
costeroids may be indicated if used in the immediate phase 
of injury. DMSO is often used to minimize secondary 
edema. Magnesium has recently been proposed as another
therapeutic agent for acute head injury.

Ocular injuries

Ocular injuries encountered in the athletic horse are trau-
matic in origin, and include periocular lacerations, corneal
lacerations or foreign body penetrating injury, or direct blow
to the eye with retinal detachment.

Evaluation of acute ocular injury includes evaluation of
the different structures of the eye, as well as evaluation of
cranial nerve function. Eyelids, conjunctiva, cornea, lens and
fundic examinations can be performed to assess the degree of
damage (Fig. 60.15). Vision can be assessed by the menace
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Fig. 60.15
Horse with
severe
chemosis
resulting
from
contact
with an
irritant.

Fig. 60.13
Lateral projection of the head of a horse with a basisphenoid
fracture (arrow).

Fig. 60.14
Lateral projection of the head of a horse with avulsion of the
longus capitis muscle. Note the avulsion fractures located at
the attachment of the longus capitis to the basisphenoid bone
(arrow).



response, supplemented with obstacle course testing. Oculo-
motor, trochlear and abducent nerve function are assessed by
the position of the eye, and pupillary light responses. Facial
nerve and sympathetic innervation to the eye are assessed by
eyelid tone, and position of the eyelashes.

Treatment of acute ocular injuries includes minimizing
pain and inflammation, preventing infection, and preventing
further injuries. If penetration by a foreign body is suspected,
rapid surgical intervention is indicated to prevent further
injury.

Anti-inflammatory drugs that are used to minimize pain
and inflammation associated with ocular injuries include
NSAIDs, DMSO, and topical osmotic agents. Pain from pupil-
lary spasm can be minimized by dilating the pupil with
atropine. Direct sunlight should be minimized by protecting the
eye. Acute injuries can be associated with ulceration and sec-
ondary bacterial invasion. A broad-spectrum topical antibiotic
can be used to prevent secondary infection of an ulcer.

Horses that are acutely blind will not negotiate their
environment well. Further injury should be prevented by 
protecting the blind eye (Eye Saver, Jupiter Veterinary Products,
Harrisburgh, PA), and by carefully handling the horse.

Acute rhabdomyolysis

Recognition

History and presenting complaint

Acute rhabdomyolysis (tying up) is a generalized inflam-
mation of skeletal muscles. Predisposing factors include
genetics, intense exercise, exercise following a period of
confinement, dietary practices, particularly the feeding of
a high percentage of carbohydrate in the diet, general
anesthesia, and sex (higher prevalence in females).

Physical examination

The manifestations of acute rhabdomyolysis (AR) will vary
from mild stiffness to recumbency. The most common signs
include a stiff gait with reluctance to move, tachycardia,
tachypnea, focal or generalized sweating, hardness of large
muscle groups such as the glutei, quadriceps and triceps, and
muscle fasciculations. The urine will be dark to black as a
result of myoglobinuria. Occasionally, particularly if the
episode follows exertion, there will also be signs of endo-
toxemia (injected mucous membranes, poor peripheral
pulse). Ileus as manifested by absence of auscultable motility,
presence of nasogastric reflux, and palpable small intestinal
distension, can also be present, particularly if hypocalcemia
is present.

Laboratory findings in AR include elevation of plasma
muscle enzymes: early (within 6 hours) creatine kinase (CK)
often reaching 50 000 to 100 000 units/dL followed by a
later rise in aspartate aminotransferase (AST). Azotemia 
may be present, and may result from dehydration or from

primary renal damage (acute tubular necrosis resulting 
from pigmenturia). Common electrolyte abnormalities include
ionized hypocalcemia, and a metabolic alkalosis.

Treatment

Therapeutic aims
● Pain control.
● Muscle relaxation.
● Fluid support:

– correction of electrolyte abnormalities
– prevention of acute renal failure.

Therapy

Acute rhabdomyolysis can be a very painful condition.
Adequate fluid replacement should be ensured to prevent
renal toxicity of some of these drugs. Drugs used for pain
control include flunixin meglumine, phenylbutazone, and
ketoprofen. In severe cases, morphine can be added to the
therapeutic regimen. If practical, lidocaine (lignocaine) can
be given as a constant rate infusion for additional pain relief.

Muscle relaxants are often added to therapy, particularly
when the large muscle groups are hard and painful.
Methocarbamol, dantrolene, and guaifenesin are recom-
mended, although efficacy is uncertain.

Acepromazine, a peripheral vasodilator, has been recom-
mended to improve muscle blood flow.

Fluid therapy is an essential part of the treatment of acute
rhabdomyolysis. Renal tubular necrosis and subsequent
renal failure can result from the combination of dehydration,
pigmenturia, and nephrotoxicity of NSAIDs. Balanced elec-
trolyte solutions are preferred. Calcium supplementation is
indicated as low ionized calcium concentration is often
present.

Emergency fluid therapy in
the athletic horse

Injuries with blood loss, or horses suffering from exhaustion,
acute rhabdomyolysis or overheating, are conditions that
require emergency fluid replacement as part of the manage-
ment of these conditions. This section will discuss the basics
of fluid therapy in shock states with emphasis on fluids used
for resuscitation. Mention will be made of emergency treat-
ment of the horse with an HYPP (hyperkalemic periodic
paralysis) event.

Designing a fluid therapy regimen

Fluids can be administered for maintenance purposes, when
fluid intake is physically not possible, or for replacement pur-
poses when excessive losses have been incurred and/or
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ongoing losses are anticipated. In the athletic horse, replace-
ment therapy is the mainstay of fluid therapy and will be dis-
cussed here. The first section will discuss the mathematics for
fluid administration in horses, and the next section will
outline the materials commercially available to achieve this
goal.

Designing a replacement fluid therapy regimen requires
the clinician to answer the following questions:

● What volume of fluids is required?
● What type of fluid is required?
● What route of administration is available/optimal?
● What will be the rate of administration?

Calculating the volume of fluid to give

The volume of fluid to give on a daily basis can be calculated
using the following equation:

Total volume to give in the next 24 hours (in liters) =
maintenance (60 mL/kg bodyweight/day)

+
estimate of dehydration (% of bodyweight)

+
ongoing losses

Maintenance volumes will be equivalent to approximately
1 liter of fluid per hour for an adult horse.

An estimate of dehydration can be made by using clinical
and, if available, laboratory parameters, as outlined in 
Table 60.1. These numbers will be weighed in relation to 
the horse’s clinical condition. For example, a nervous horse 
may have a transiently high heart rate in response to excite-
ment, and a high hematocrit because of splenic contraction. 
The clinician will therefore have to use judgment in the
interpretation of each parameter.

Ongoing losses can be the most difficult estimation, as
losses through the gastrointestinal tract are difficult to
measure. The equine gastrointestinal tract secretes and reab-
sorbs the equivalent of the extracellular volume (approxi-
mately 30% of bodyweight) on a daily basis. If ileus is
present, the amount of reflux can be quantitated. If the large
colon is not reabsorbing water, as in diarrhea, significant
losses can occur. With severe diarrhea, approximately 50% of
extracellular fluids can be lost on a daily basis.

The clinician must be aware that this calculation is a crude
estimate, and volumes are then adjusted based on objective

responses to fluid administration such as heart rate, pulse
quality, capillary refill time, urine production, hematocrit,
total protein, and creatinine. These monitoring parameters
will need to be repeated as often as dictated by the horse’s
clinical condition. With a horse in severe shock, monitoring
cardiovascular parameters may need to be continuous, or at
least every 15 minutes until an improvement is noted. In a
horse with severe ongoing fluid losses, cardiovascular para-
meters should be monitored at least every 4 hours, and
laboratory parameters as frequently as four times a day until
stabilized. Following these evaluations, an adjustment in the
estimate of fluid requirements can be made.

Deciding the type of fluids to give

Fluids available for administration in horses are of two cate-
gories: crystalloids are fluids containing substances that freely
cross the capillary membrane; these include balanced elec-
trolyte solutions, saline solutions, and dextrose solutions; and
colloids, which are made up of fluids that are retained in the
vascular space for a certain number of hours, because of
their larger molecular size; these include plasma, albumin
solutions, dextrans, and hydroxyethylstarch. Crystalloids are
most commonly used for replacement fluid therapy in the
athletic horse, whereas colloids are reserved for resuscitation
purposes.
Crystalloids There are two basic types of crystalloid avail-
able for horses: balanced electrolyte solutions (BES), which
consist of electrolyte solutions in concentrations similar to
plasma; and saline solutions, which contain only sodium chlo-
ride. Although considered a crystalloid, dextrose solutions
are rarely used alone. Table 60.2 outlines the different com-
position of crystalloid commercially available for horses.

The decision to choose BES or saline is based, if available,
on a serum chemistry profile. Saline is chosen if the sodium
concentration is less than 125 meq/L, or the potassium is
greater than 5.9 meq/L. Otherwise, a BES is used. If unavail-
able, a BES is safe, unless HYPP is suspected, in which case
saline should be used. Several portable point-of-care moni-
toring devices that can measure blood gas and electrolytes
are now available (IRMA Blood Analysis System, Diametrics
Medical Inc. St Paul, MN. www.diametrics.com, I-Stat
Portable Clinical Analyzer, I-Stat Corporation, East Windsor,
NJ. www.istat.com).
Colloids The addition of colloids to a fluid therapy
regimen serves two purposes: addressing the problem of
edema formation in hypoproteinemic states; or sustaining
the intravascular circulating volume. Selected products
containing targeting antibodies are also available for the
treatment or prevention of endotoxemia, Rhodoccocus equi
pneumonia, and clostridial diseases. These products will not
be discussed in this section. Colloidal solutions are available
in two forms: natural or synthetic. Natural colloids are
plasma, serum products or albumin. Table 60.3 summa-
rizes the characteristics of each product. In general, plasma
is selected when an increase in oncotic pressure is needed,
but in addition, coagulation factors or specific anticoagu-
lants such as antithrombin III are required by the disease
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% Dehydration Heart CRT (s) PCV/TP Creatinine
rate (%/g/L) (mg/dL)
(beats/min)

6 40–60 2 40/7 1.5–2
8 61–80 3 45/7.5 2–3

10 81–100 4 50/8 3–4
12 > 100 > 4 > 50/> 8 > 4

Table 60.1 Physical and laboratory parameters used to estimate
the percentage of dehydration in horses



process. Albumin solutions are not commonly used, as the
intravascular half-life of albumin in states of compromised
vascular permeability is short, and this solution does not
have the added benefits of plasma. Synthetic colloids com-
monly used in horses include dextran 70 and hydroxyethyl-
starch (HES). These products are used to increase plasma
oncotic pressure, and their effect is best evaluated either by
clinical response (decreased edema) or by increased oncotic
pressure (measured by colloid osmometry).5,6 A refractome-
ter cannot be used to monitor the effect of synthetic colloid
administration.

Products used for resuscitation

The goal of fluid therapy in shock states is to rapidly expand
circulating blood volume to improve perfusion and oxygen
delivery. Isotonic crystalloids can serve this purpose, but must
be administered at a rate of 60 to 80 mL/kg in the first hour
(approximately one blood volume), for beneficial effects. Hyper-
tonic solutions can be used to rapidly expand circulating
volume by redistributing extravascular fluids into the vascu-

lar space. Because of redistribution, the duration of effect of
hypertonic solutions in horses is short. Colloid solutions can
be used to sustain the effect of hypertonic crystalloid solu-
tions to several hours. For resuscitation, a combination of
hypertonic saline and hetastarch would have the most
beneficial and sustained effects. Table 60.4 lists the properties
and dosages of fluids commonly used for resuscitation in the
horse.
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Fluid Properties Dosages

Lactated Ringer’s Crystalloid Shock: 60 mL/kg
Hypertonic saline Crystalloid 4 mL/kg rapidly; follow 

with isotonic fluids
Hetastarch Synthetic colloid 4 mL/kg rapidly; do not

exceed 10 mL/kg

Table 60.4 Fluid properties and dosages used for resuscitation
in the horse

Characteristics of colloid fluids

Characteristics 5% albumin Dextran 40 Dextran 70 Hetastarch

Molecular weight (Da)
weight average 69 000 40 000 70 000 450 000
number-average 69 000 25 000 39 000 70 000
range 10 000–80 000 15 000–160 000 10 000–3 400 000

Solvent 0.9% saline 0.9% saline 0.9% saline
or 5% dextrose or 5% dextrose or BES

Concentration (%) 5 10 6 6
Half-life 14–16 days 2.5 h 6 h 25 h
Extravascular 22 33 39

percentage (after 24 h)
Overall survival 44 h 4–6 weeks 17–26 weeks

in blood
Colloid oncotic 20 40 N/A 30

pressure (mmHg)

Table 60.3 Composition of colloids commonly used for fluid therapy in horses

Product Approximate mOsmol/L Na K Ca Mg Cl Buffer
pH (meq/L) (meq/L) (meq/L) (meq/L) (meq/L) (meq/L)

Lactated Ringer’s 6.5 273 130 4 3 109 Lactate 28
PlasmaLyte A 7.4 294 140 5 3 98 Acetate 27

Gluconate 23
PlasmaLyte 148 7.4 294 140 5 3 98 Acetate 27

Gluconate 23
PlasmaLyte 148 5.5 294 140 5 3 98 Acetate 27

Gluconate 23
5% Dextrose 4 252
0.9% NaCl 5 308 154 154
7% NaCl 2400 1196 1196
5% NaHCO3 8 1190 595 595
1.3% NaHCO3 308 154 1541

Table 60.2 Composition of crystalloids commonly used for fluid therapy in horses



Materials for fluid therapy

The flow rate of fluids through an administration system is
directly proportional to the diameter of the line and inversely
proportional to the viscosity of the fluid and the length of the
line. For routine use, 14-gauge catheters made of Teflon or
polyurethane are used in adults. When gravity flow is used, a
rate of 2 to 3 liters per hour can be achieved when fluids are
approximately 10 feet higher than the jugular vein. For more
rapid flow 10- or 12-gauge catheters with large-bore con-
necting sets can be used, but it should be remembered that
10-gauge catheters are more thrombogenic. Finally, both
jugular veins can be cannulated for increased fluid adminis-

tration and a pressure bag system or a pump can increase the
rate of fluid flow. Peristaltic pumps can cause endothelial
damage and increase the risk of thrombosis.

Materials needed for high-volume fluid therapy in field situ-
ations in horses:

Catheters
12- or 14-gauge, cm
Large bore extension set

Administration set
Coiled set
Pressure bag

Fluids
Balanced electrolyte solutions, 5 liters
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Injury Recommended Prognosis
treatment

Coffin bone fracture Corrective shoeing or internal Extra-articular: good
fixation Articular: guarded

P2 fracture Pastern arthrodesis Good to guarded
P1 fracture Internal fixation Non-displaced: good

Displaced or comminuted: guarded
Sesamoid fracture

Apical Surgical: extraction Good
Midbody Surgical: internal fixation Guarded
Basilar Medical or surgical Guarded to poor
Comminuted/biaxial Medical or surgical Poor
Sagittal Medical or surgical Poor

Cannon bone fracture Internal fixation Guarded to poor depending on degree 
of comminution

Carpal fracture Arthroscopic removal or Good for small fracture guarded for 
internal fixation large fracture poor if carpal instability

Radius fracture Hairline: stall rest Hairline, non-displaced: good if no 
Displaced: internal fixation displacement occurs

Displaced: grave
Olecranon fracture Non-articular: stall rest Good unless extreme comminution or 

Articular: internal fixation open
Humeral fracture If > 200 kg, stall rest Guarded. Risk for contralateral laminitis

If < 200 kg, internal fixation if stall rest. Implant failure rate high with 
internal fixation

Scapular fracture
Supraglenoid tubercle Non-displaced: medical Guarded

Displaced: surgical
Body/neck Surgical Poor

Hock fractures
Calcaneus Large fragment: internal fixation Guarded

Small or comminuted fractures:
medical Guarded

Tibial fracture Hairline: stall rest Hairline, non-displaced: good if no 
Displaced: internal fixation displacement occurs

Displaced: grave
Femoral fracture If > 200 kg, stall rest Guarded. Risk for contralateral laminitis

If < 200 kg, internal fixation if stall rest. Implant failure rate high with 
internal fixation

Patellar fracture Fragmentation: arthroscopic Guarded to good
removal
Sagittal or comminuted fracture: Guarded
internal fixation

Luxations: hock, fetlock Reduction and external Good for light exercise if no articular 
immobilization injury

Table 60.5 Selected traumatic injuries, recommended treatment and prognosis in adult horses



Epidemiology

Injuries occurring at equine athletic events are best docu-
mented in the Thoroughbred racing industry. Fatal musculo-
skeletal injuries are the most significant cause of death in
horses during training or racing activities. In these horses,
the injury is so severe as to warrant euthanasia, usually
within 2 days of the injury. Forelimb sesamoid bone fracture,
suspensory ligament rupture or third metacarpal fracture
represent the most common training or racing-related
injuries in Thoroughbred race horses. Other fatal muscu-
loskeletal injuries include carpal fractures, fractures of the
scapula, tibia or pelvis, and first phalangeal fractures.7 The
influence of training intensity on the prevalence of injury is
variable. In California, horses with intense racing schedules
(35 furlongs of race in 2 months) were at greater risk of fatal
musculoskeletal injury.8 In contrast, Kentucky horses with
injuries had less cumulative high-speed exercise in the
months preceding the injury.9 In one study, horses with 
toe grabs were at increased risk for fatal musculoskeletal
injury, specifically suspensory apparatus failure or condylar
fractures.10 In one study, pre-race examination findings,
particularly abnormalities of the suspensory ligament, were
highly associated with an increased risk of injury during
racing.11 Table 60.5 describes the current recommended
treatment, and prognosis of common injuries in the athletic
horse.
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ment. A detailed history should be collected including times of
onset of behavioral change, and duration, to determine if the
pattern is consistent with normal reproductive cyclicity.
Examination should include the following procedures:

● general physical examination with particular considera-
tion to ruling out other causes of a change in performance
(musculoskeletal pain or disease involving another body
system)

● observation of mare behavior when exposed to an intact
stallion

● transrectal palpation and ultrasound examination of the
genital tract at a time when the mare is showing behavior
suggestive of estrus

● measurement of blood concentrations of reproductive
hormones such as progesterone, estrogen, testosterone
and possibly inhibin

● potential repetition of the examination to correlate
changes in behavior with findings of clinical and labora-
tory procedures.

Diagnostic confirmation requires observation of clinical
signs consistent with estrus behavior, changes in the genital
tract that are consistent with estrus,2 and low circulating
progesterone concentration. Response to test treatment of
the mare with altrenogest, a progesterone analogue, may be
a useful diagnostic aid. Improvement in mare behavior when
estrus signs are suppressed using a known effective product
adds confidence in a diagnosis of estrus-associated behav-
ioral change. Absence of ovarian follicular development and
low or undetectable levels of circulating progesterone or
estradiol may indicate a lack of association between behavior
and ovarian activity. The presence of constant estrus-like or
aggressive behavior may be observed during spring transi-
tion, functional ovarian neoplasia and in some cases of
behavioral psychosis. Pathologic conditions that account for
behavioral change should be treated specifically. Mares
without detectable lesions of the genital tract and where
behavioral change can be attributed to estrous cyclicity may
be considered as candidates for one or more of the treatment
options outlined below.

Reproductive management of equine athletes has tradition-
ally focused on control or prevention of reproductive behav-
ior to minimize any adverse effects on performance.
Although this area remains of interest to owners, trainers
and riders of competition animals, recent advances in repro-
ductive techniques provide opportunities for breeding horses
during their competitive careers.

Control of reproductive
behavior in horses

Male and female athletic horses commonly train and compete
together. Day-to-day management under such conditions is
often facilitated if sex-steroid-induced sexual or aggressive
behavior is suppressed.

Suppression or prevention of estrus in
mares

The presence of an estral female in close proximity to other
horses may be disruptive and present risk of injury to horses
or people. Some female horses become more difficult to
handle in estrus, and there is anecdotal evidence linking vari-
ation in athletic performance to stages of the estrous cycle in
horses.1 There is a lack of evidence demonstrating an associ-
ation between stage of cycle and behavior-associated interfer-
ence with training or athletic performance.

Mares presented for estrus-associated changes in behavior
or athletic performance should be examined prior to any treat-

Reproductive management
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Pharmacologic suppression of estrus

An ideal estrus control product should be highly effective at
suppressing signs of estrus, easily administered, rapidly
absorbed, require infrequent dosing, and be safe for both
animals and people.3 It should have no residual effect on fer-
tility, allowing treated animals to begin a breeding career fol-
lowing withdrawal of treatment.3 There should ideally be no
restriction on use of the product by rules controlling athletic
horse events.

A number of products used for estrus control are not
registered for use in horses. Care must be taken when admin-
istering products to animals that are not registered for that
species. In addition to rules regulating administration of
drugs to horses during competition, attention should be paid
to drug residues in those countries where horses are classed
as ‘food-producing’ animals.

The mare is seasonally polyestrous. During winter most
mares are in a reproductively quiescent state with small
inactive ovaries in response to reduced pituitary secretion of
follicle-stimulating hormone (FSH), and luteinizing hormone
(LH), and reduced secretion of hypothalamic gonadotrophin-
releasing hormone (GnRH).4,5 Increasing hours of daylight
after the winter solstice result in an increase in production
and secretion of GnRH, with a resultant increase in pro-
duction and release of pituitary gonadotrophins.4,6 FSH
dominates the initial rise in gonadotrophin secretion in late
winter and early spring, stimulating the development of
ovarian follicular waves that do not result in ovulation.4

This endocrine environment results in spring transition, with
large, anovulatory follicles, and irregular expression of estrus
behavior. Spring transition may persist for several weeks,
ending with the first ovulation of the breeding season. Once
the first ovulation occurs mares usually enter a regular
ovulatory cycle for the remainder of the ovulatory season.

During the ovulatory season the estrous cycle is character-
ized by a relatively constant diestrus lasting 14 to 15 days and
dominated by the corpus luteum, and a more variable estrus
dominated by the developing ovulatory follicle. Estrus length is
variable both between and within mares, ranging from 5 to 9
days.7 In spring estrus tends to be longer and more variable in
length while in late summer it becomes shorter and less vari-
able. The combination of rising estradiol and low progesterone
concentrations seen during estrus is responsible for expression
of estrus behavior. Progesterone concentration in peripheral
blood rises within 24 to 36 hours after ovulation and is largely
responsible for cessation of estrus behavior.7

The hypothalamic–pituitary–ovarian (HPO) axis controls
ovarian function and expression of reproductive behavior,
and offers a range of control points at which intervention
may allow suppression of either estrus alone or both estrus
and ovulation.
Progestagens The two most commonly used progestagens
in mares are natural progesterone and altrenogest
(Regumate, Intervet, Millsboro, Delaware, USA).

Daily intramuscular injection of 150 mg or more pro-
gesterone in oil will suppress behavioral signs of estrus
within days even if started in early estrus. Estrus suppression

was also achieved in mares treated with 50 or 100 mg per
day if treatment started during diestrus while the same doses
failed to suppress estrus behavior if treatment was begun on
the first day of estrus.8 The requirement for ongoing daily
injections makes long-term use of this product impractical.
Controlled release implants containing progesterone and
estradiol have a longer duration of action, and may offer
some promise for estrus suppression.9

Altrenogest (Regumate) is generally used at the recom-
mended dose rate (0.044 mg/kg by mouth, once daily), for
estrus suppression. Continued expression of estrus behavior
has been reported in mares being treated with altrenogest
and may be due to incorrect dosing, failure to administer the
product effectively, errors in estrus detection, treatment
during estrus and individual mare variability in response to
the product.10 There are unsubstantiated reports of mares
being maintained on lower daily doses of altrenogest for
estrus suppression (NR Perkins, unpublished data, 1993).

Little work has been done on assessment of effects of long-
term estrus suppression. Mares treated with altrenogest 
for 88 days showed effective suppression of estrus, no evi-
dence of adverse effects, and normal fertility when bred fol-
lowing resumption of cyclicity.11 Progestagen therapy has
been shown to enhance uterine infection in mares exposed to
intrauterine bacteria and in mares with a history of uterine
infection, and this may represent a potential adverse effect of
long-term treatment for estrus suppression in some mares.12

Progestagens have only moderate control over follicular
development in the mare, and luteal ovulations are relatively
common in mares receiving progestagens, compared with
other domestic species.13 Corpora lutea resulting from
ovulation during progestagen treatment may have a 
prolonged lifespan due to failure of the normal luteolytic
mechanism.13,14 During the ovulatory season mares can be
expected to show estrus within 3 to 5 days and ovulate within
9 to 11 days after the end of progestagen therapy.15

A wide range of other progestagens has been administered
to mares for suppression of estrus with little or no supporting
data concerning efficacy or safety.

Intravaginal progestagen-releasing devices have been used
for estrus synchronization16 and appear to offer little value as
a means of estrus suppression for any length of time due to
the lack of safety data following repeated or long-term
vaginal insertion of such devices.

Melengestrol acetate (MGA), chlormadinone acetate
(CAP), and norgestomet (Synchromate-B), are all effective at
suppressing estrus in cattle and have been used in mares.
MGA is effective in cattle at a dose of 0.4 mg/day but appears
to be ineffective in mares even when used at doses as high 
as 20 mg/mare/day.17 The limited evidence available for 
both CAP,17 and norgestomet18 indicates they are similarly
ineffective at inhibiting estrus behavior in mares.

Anecdotal reports have also supported the use of steroid-
containing implants registered for use in cattle, as a means of
suppressing estrus in mares. Administration of Synovex-S
implants to mares, each containing 200 mg progesterone
and 20 mg estradiol benzoate, did not result in increased
peripheral blood progesterone concentration, did not inhibit
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expression of behavioral estrus, and did not prevent ovula-
tion, even when mares received a dose equivalent to 10 times
the bovine dose.19

Proligestone and medroxyprogesterone acetate (MPA) are
synthetic progestagens with prolonged activity registered in
some countries for estrus suppression in dogs and cats. There
is anecdotal evidence indicating that intramuscular adminis-
tration of 1500 to 2500 mg proligestone, or 250 to 500 mg
MPA, to a mare during diestrus may suppress behavioral
signs of estrus for up to 2 to 3 months. The author is not
aware of scientific evidence to support this claim.

A number of synthetic progestagens have been shown to
be ineffective at maintaining pregnancy in ovariectomized
mares, including hydroxyprogesterone caproate and hexa-
noate, medroxyprogesterone acetate, norgestomet, and me-
gestrol acetate.20,21 Although not a primary objective of these
studies, the authors observed that treatments appeared
ineffective at inhibiting signs of estrus and follicular 
development.

Caution is urged when considering the use of non-
registered products in mares for estrus suppression. In most
cases scientific assessment of such products has dis-
missed anecdotal claims of efficacy, and there is little or no
information available on safety.
Anabolic steroids Administration of anabolic steroids to
mares commonly results in a dose-dependent reduction in
ovarian size and cessation of estrous cyclicity, with a gradual
return to normal cyclicity occurring after the end of treat-
ment.22 Anabolic steroids also commonly result in mas-
culinization of behavior and appearance with behavioral
changes persisting for several months after cessation of
chronic steroid treatment.22–24 Reduced fertility has been
reported experimentally in mares treated with anabolic
steroids,24 although Bourke reported no long-term effect 
on fertility in brood mares that received anabolic steroid
treatment during their racing careers.25

Anabolic steroids are more commonly administered to per-
formance horses because of beliefs regarding their influence
on physical or performance attributes. Drug detection
systems associated with penalties for detection of anabolic
steroids or their metabolites currently limit the use of these
drugs in most countries.

GnRH immunization

Immunization of females with a GnRH analogue resulted in
cessation of estrous cycles in many species including
horses.26–29 Immunization of fillies resulted in an increase in
circulating anti-GnRH antibodies, and suppression of
gonadal function and sexual behavior for up to 25 to 
30 weeks.28,29 This approach offers promise in the manage-
ment of undesirable reproductive behavior in athletic horses.
Limited data indicate that animals resume cycling and have
normal fertility after treatment,29 though there is little
information on the effects of long-term or repeated immun-
ization. Further studies on such effects are required before
this methodology can be considered for use by equine athletes
in which the option of a future breeding career is desired.

Intrauterine glass balls

Placement of a glass ball in the uterine body one day after
ovulation may be effective at suppressing estrus in mares.30 A
single, sterilized, 35 mm glass ball (www.glassmarbles.com)
was manually passed through the cervical lumen and into
the uterine body on the day following detected ovulation. Five
of 12 (42%) treated mares showed prolonged luteal function
for a mean of 89 days (range 76 to 109 days), following
insertion of the ball.30 Prolonged luteal function was associ-
ated with elevated endogenous progesterone concentration
and suppression of behavioral estrus. There appeared to be
no evidence of uterine damage in response to the treatment.
It is suggested that treated mares be examined to ensure 
that endometritis does not develop, particularly in the period
soon after placement of the ball. This approach may offer a 
non-pharmacologic alternative for estrus suppression that is
effective for reasonable time periods in some mares.

Ovariectomy

Bilateral ovariectomy is occasionally performed in perform-
ance mares to prevent estrus and pregnancy, or improve
behavior though it is not consistently effective at inducing
either outcome.31 The author routinely advises that clients
considering bilateral ovariectomy as a behavioral manage-
ment aid should initially treat the mare with altrenogest for
several weeks. If the mare’s behavior improves on altrenogest
treatment, then ovariectomy may be expected to result in a
similar level of behavioral improvement. If the mare’s behav-
ior does not improve on altrenogest then there is an increased
risk that ovariectomy will not result in any improvement in
behavior.

Bilateral ovariectomy may be performed in the 
standing sedated mare or through ventral midline or para-
median approaches in the anesthetized recumbent mare.31

Laparoscopic techniques for ovariectomy have been described
recently and may be associated with reduced complications
and more rapid recovery.32

Control of reproductive behavior in 
the stallion

Effective control of reproductive behavior in stallions during
a performance career can be achieved in most cases using
training techniques.33 Castration or pharmacologic treat-
ment are sometimes considered in horses that are poorly
responsive to training alone.33,34 Interventions should always
be combined with training and handling when attempting to
modify male sexual or aggressive behavior.

Surgical castration

Castration of male horses is commonly performed to prevent
breeding and as a method of behavior modification.35

Castration may be performed in the standing sedated 
horse using local anesthesia or in the recumbent horse 
under general anesthesia.36 A number of sources provide 
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information on options for anesthesia and restraint.35–38 The
choice of method and type of restraint are influenced by a
large number of factors including: owner and veterinary
preference and experience, horse behavior, physical location
of the testicles, available equipment and the facilities or sur-
gical environment.35

Castration may be performed at any age.35 There appear to
be little scientific data on which to base a recommendation
regarding timing of castration. Normal animals are com-
monly castrated between weaning and 3 years of age.
Reasons for delaying castration in animals that do not have a
potential breeding career are poorly defined and may include
allowing the animal to benefit physically from endogenous
testosterone production. Children experience a pubertal
growth spurt associated with a rise in circulating sex steroid
concentrations.39 It is not clear whether horses are subject to
the same rapid growth phase and limited studies in male dogs
have not consistently identified a pubertal growth spurt.40 In
male dogs prepubertal castration delays physeal closure and
results in increased long bone length.40 The clinical
significance of this change on musculoskeletal development
and function remains unclear. There is a need for research to
investigate the impact of age at castration on male horse
growth and performance. It is suggested that castration of
non-breeding animals may be better performed prior to
weaning though advantages appear to be primarily associ-
ated with ease of surgery, shortened recovery time and
reduced risk of complications either during or after the pro-
cedure.35 Conversely, delaying castration until after puberty
may have a beneficial effect on musculoskeletal development.
There does appear to be little benefit in delaying castration
until a horse is more than 2 years of age except in animals
that may be subsequently used as sires in a breeding
program.

Castration is effective in modifying male behavior though
geldings can continue to display aggression and male sexual
behavioral traits including erection, teasing, mounting and
copulation.37 No difference was observed in sexual and ag-
gressive behavior between geldings castrated when less than
2 years of age, and geldings castrated when greater than 
3 years of age.41 These findings indicate that sexual and
aggressive behavior in male horses is only partially depend-
ent on the presence of circulating sex steroids. Training and
behavior modification may be more effective in geldings than
in stallions and this may explain much of the perceived
difference in behavior between geldings and intact males.33

Pharmacologic modification of male
behavior

Administration of progestagens is the most commonly used
pharmacologic method for modifying male horse behavior.42

There is little information concerning mechanism of action,
safety, or efficacy in the horse. Progestagens have been shown
to decrease the occurrence of male sexual behavior in cas-
trated male monkeys even when circulating plasma testos-
terone levels were maintained within the range of intact
males by testosterone implants.43 This suggests that the

behavioral effect of progestagens is not dependent on reduc-
tion in plasma concentration of testosterone concentration,
even though progestagen administration in intact animals
may also result in suppression of plasma concentrations of
LH and testosterone. The behavioral effect of progestagens is
mediated by a reduction in uptake of either androgens or
estradiol within areas of the brain known to influence male
sexual behavior, and both estradiol and androgen levels in the
brain influence male behavior.44 Anecdotal evidence indi-
cates that progestagen administration to male horses results
in suppression of sexual and aggressive behavior as well as a
general calming effect.42,45 Progestagen therapy may be com-
bined with training in an attempt to modify unsuitable
behavior in male horses.45

Treatment of stallions with 0.044 mg/kg altrenogest per
day for 30 days had no effect on sperm production or meas-
ures of sperm quality.46 Most behavioral parameters did not
change though time to mount and ejaculate was increased in
altrenogest treated stallions after the completion of treat-
ment, returning to pre-treatment values by 60 days after ces-
sation of treatment. Reductions in circulating concentrations
of LH, testosterone, inhibin and estrogen conjugates were
also detected in treated animals at the end of the treatment
period, returning to pre-treatment levels within 30 days of
cessation of treatment. In a similar experiment stallions
treated with 0.088 mg/kg altrenogest per day for 8 weeks,
showed reduced scrotal circumference and sperm produc-
tion, and increased sperm abnormalities.47 Treated animals
also showed reduced male sexual and aggressive behavior,
and reduction in serum testosterone concentration. These
studies suggest that altrenogest does have an impact on
reproductive parameters, and that longer treatment periods
may be necessary to obtain measurable changes in male
behavior. The effects of altrenogest on behavior and fertility
in stallions appear to be reversible.

It is possible that certain progestagens may affect both
behavior and fertility while other products may have little or
no effect on fertility. Evidence in monkeys indicates that both
medroxyprogesterone acetate and progesterone are effective
at reducing male behavior, while they have different effects
on circulating testosterone levels. Animals treated with
medroxyprogesterone acetate showed reduced plasma con-
centrations of LH and testosterone while animals treated
with progesterone did not.44 Further work is needed to inves-
tigate the effects of progestagens on behavior and fertility in
stallions.

Tranquilizers such as phenothiazine derivatives and reser-
pine have been used in the past in stallions as aids for behav-
ior modification.42 They are no longer recommended for use
in male horses because of the small but important risk of
adverse sequelae including penile paralysis, paraphimosis
and psychotic behavior.42

Immunomodulation of male fertility and
behavior

Immunization of male horses against GnRH results in reduc-
tion in circulating testosterone concentration, testicle size,
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and sperm numbers. Young colts also show reductions in
male sexual behavior and aggression though behavioral ef-
fects are less noticeable in mature animals.28,48,49 Treatment
effects appear to be fully reversible over time.

GnRH vaccination may offer an alternative treatment
modality for controlling reproductive behavior and fertility in
male horses during their athletic career. However, more
research is required, particularly on the possible adverse
effects of long-term or repeated treatment, before this
approach can be recommended.

Combining breeding and
athletic careers

Developments in assisted reproductive technologies have
allowed increased flexibility in managing the breeding
careers of mares and stallions while still performing as
athletes.

Stallion

Advances in techniques for producing and managing chilled
and frozen semen, improved pregnancy and foaling rates,
and increased market demand for such services, have seen a
progressive increase in the proportion of mares bred using
chilled or frozen semen artificial insemination (AI) in all
breeds except Thoroughbreds. Semen may be collected from
stallions for processing throughout the year, including
during periods of training or competition. Training tech-
niques providing clear distinction between performing and
breeding may help to ensure that periodic breeding opportu-
nities do not disrupt a stallion’s training performance or
general behavior.33

Individual stallion semen quality is one of the most 
important factors influencing the success of artificial insemi-
nation programs and a breeding soundness examination
should be performed on any stallion being considered as a
semen donor in an AI program. Detailed description of pro-
cedures and techniques involved in breeding soundness
examination of stallions may be found elsewhere as well as
discussion of factors influencing semen production and
quality.50–54

It is particularly important to be aware of individual vari-
ability in fertility of thawed–frozen stallion semen, even in
stallions that have excellent fertility when bred naturally or
using fresh AI.55 Results of laboratory analysis of either fresh
or thawed–frozen stallion semen are poorly predictive of
pregnancy rates in mares bred with thawed–frozen semen
from the same stallion and test mating of a small number of
mares remains a useful method of determining whether a
particular stallion has fertile, thawed–frozen semen. Con-
tinued developments are expected in techniques for freezing
and thawing semen, and laboratory assessment of the poten-
tial fertility of thawed–frozen semen.

Mare

Developments in assisted reproductive technology have had a
dramatic impact on breeding options available to mares
during an athletic career.

Natural breeding

Mares are occasionally bred while still competing, perhaps in
an attempt to gain some benefit from the calming effect of
endogenous progesterone secretion that occurs during preg-
nancy.45 There is little information on the effect of different
exercise levels in mares on fertility, pregnancy development,
or risk of pregnancy loss. The first two-thirds of pregnancy in
the mare are characterized by little or no increase in nutrient
requirements56 or bodyweight over the non-pregnant state.
Animals that tolerate the stresses and demands of training
and competing are likely to have minimal risks associated
with continuation of an athletic career during the first few
months of pregnancy. Exercise-associated risks to pregnancy
appear to be mediated through effects such as reduction of
uterine blood flow due to redistribution of blood to the mus-
culoskeletal system, reduction of available glucose due to
increased muscle metabolism, and exercise-induced tempera-
ture rise.57 There appears to be no information in horses on
the effects of pregnancy on performance. Studies in women
report a progressive decline in all aspects of athletic per-
formance during pregnancy.58 It seems plausible to expect a
similar effect in horses.

Embryo transfer

Use and availability of embryo transfer (ET) has increased
tremendously over the past decade, particularly with devel-
opment of techniques for short-term storage and shipment of
embryos. Embryos can now be shipped from the site of collec-
tion to a centralized facility for transfer to recipients or long-
term storage, removing the necessity for recipient mares to be
maintained at the same site as donors.59 ET techniques have
changed little over the last decade and are well described.59–63

ET use in performance mares can allow multiple foals to be
produced from mares while they continue to train and
compete.64 In seasonal sports such as polo, mares may move
from intensive athletic performance to being embryo donors,
depending on the time of year.60,65 The lack of a reliable,
commercially viable method for superovulating donor mares
continues to be a major limitation on embryo recovery
rates.66 Reported pregnancy rates following transfer of
thawed–frozen equine embryos have been disappointing and
preference is given to transfer of fresh or chilled embryos to
avoid the necessity of freezing, though this is expected to
change as techniques are refined.59

Other assisted reproductive techniques

Commercial in vitro fertilization (IVF) and embryo pro-
duction is now being offered for cattle industries in several
countries. Similar procedures have been performed in mares
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and selected facilities offer these techniques on a commercial
basis.67 Oocytes are generally collected by transvaginal ultra-
sound-guided follicular aspiration, from either immature or
mature follicles. Oocyte maturation may be combined with
intracytoplasmic sperm injection (ICSI) to circumvent the
requirement for sperm capacitation and even for sperm
motility.68–70 Oocyte transfer procedures have also resulted in
pregnant recipients.70, 71

The use of ICSI or low-volume insemination with sexed
semen provides the added option of obtaining sex-selected
offspring from performance mares during their competitive
career.72 Other assisted reproductive techniques that may
offer potential in future equine breeding programs include
freezing of oocytes, cloning and production of transgenic
animals.66

Until recently many breed registries that allowed assisted
reproductive techniques such as embryo transfer allowed
only one foal per mare per year to be registered. In mid 2002,
legal action in Texas resulted in the American Quarter-
horse Society overturning this restriction and removing all
numerical restrictions on the number of foals that may be
eligible for registration in any one year. This action has
ramifications for other breed registries that may be con-
sidering, or already have, restrictions on the number of foals
that may be registered in one year.

Management of
performance horses to
optimize future
reproductive potential

In most cases little consideration is given to the reproductive
potential of performance horses until they are reaching the
end of their performance career. This is expected to change in
the future. Management of performance horses will involve
increasing attention to both short- and long-term impacts on
fertility of disorders, management procedures and treat-
ments. In some instances this may result in changes in man-
agement or treatment because of a possible adverse impact
on fertility.

Many female horses for example are subjected to a
Caslick’s (vulvoplasty) procedure during their performance
career because of a belief that pneumovagina during periods
of intense physical exertion may interfere with performance.
In some cases the vulval lips are sutured further ventrally
than the general Caslick recommendation of 1 cm below the
ischial arch. It is possible that an overzealous Caslick may
interfere with normal ventrocaudal urine flow during urina-
tion with urine splashing cranially into the anterior vagina.
This may lead to chronic urine-induced inflammation involv-
ing the vagina, cervix and uterus. The author has observed
maiden mares at stud with a very low Caslick in place and
severe degenerative changes in the uterine epithelium on
examination of endometrial biopsy.

In stallions, improper application of a stallion ring to pre-
vent erections during a performance career may result in
penile scarring and interference with the long-term ability to
obtain a normal erection.

Some treatments administered to horses during their per-
formance careers may also have long-term adverse effects 
on future fertility. Anabolic steroids, anti-cancer drugs and
GnRH vaccines are examples of treatments that may have a
long-term effect on fertility. Anabolic steroids can cause ces-
sation of estrous cyclicity in females and reduce testis size,
sperm production and sperm quality in stallions.22,73–75

Limited data in horses appear to indicate that effects are gen-
erally reversible following cessation of treatment.25,76 The
long-term effect of administering combinations of different
steroids, or using dose rates or treatment frequencies that
differ from manufacturer guidelines, remains unknown.
Evidence from chronic misuse of anabolic steroids by human
athletes indicates that there may be serious and long-term
effects on fertility and general health.77

Management of performance horses during their perform-
ance career will need to be modified to pay more attention to
breeding potential. Drugs that may have adverse effects on
fertility and cyclicity should be avoided in animals that are to
be used for breeding purposes during their performance
career. In addition every effort should be made to avoid
administering drugs associated with any risk of adverse
effects in pregnant animals. There is little specific information
on safety of products during pregnancy in horses. Informa-
tion is predominantly extrapolated from studies in laboratory
animals and reports from human medicine. Lists of common
drugs used in veterinary medicine have been produced with
comments on their safety during pregnancy.78 Effects of
administration of harmful drugs during pregnancy depend
on the action of the drug, dose and duration of exposure, and
stage of pregnancy. Possible effects include pregnancy loss,
induction of fetal malformations, alteration of normal fetal
development, abnormal parturition and reduced fetal
viability.78
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successful on the racetrack, cross-country course or in the
dressage arena. Horses are sold privately or at public auction
sales. High-quality animals command high dollar prices from
thousands to millions. Purchasers of high-quality animals
want to ensure that their investment has a good chance of
providing a successful return. Purchasers decide on the
breeding, type and quality of the horse they desire and seek
from the veterinarian an assurance that what they are about
to buy does not have any problems currently or in the future
that will inhibit the investment from performing up to
expectation.

The ultimate decision on the purchase of any horse resides
with the purchaser. As part of the decision-making process the
veterinarian provides information to the purchaser on the
health status of the horse. Successful athletes are seldom injury
free and older athletes in particular have invariably suffered
some ‘wear and tear’. In the case of young unbroken athletes, a
variety of congenital and acquired defects, which may interfere
with an athletic career, might be present. For these reasons it
should be understood by the purchaser that the veterinarian
essentially conducts a risk assessment for the purchaser.

The aim of the examination of the equine athlete prior to
purchase is to first identify, and second assess, the relative
significance of factors of a veterinary nature, which at the
time of examination might impair athletic performance in
the occupation for which the horse is intended.3 In addition,
conditions that have the potential for impairment of athletic
performance in the future should also be identified and an
opinion of their significance made in light of the horse’s
intended use.3–5

The way in which the opinion of the examining veterinar-
ian is presented to the purchaser has become very controver-
sial. Unfortunately, it is a frequent perception by the
purchaser that a veterinarian’s examination prior to pur-
chase provides a warranty that the prospective animal is free
of all impediments currently and in the future and that such
an examination in some way guarantees a risk-free purchase.
This perception has been perpetuated to some extent by 
the use of the terms ‘sound’, ‘suitable’ or ‘serviceable’, 
all of which when used in the context of a prepurchase

● Aim and philosophy of the prepurchase examination.
● General approach and examination procedure.
● Special considerations and ancillary tests.
● Examination of different types of equine athlete.

A rigorous and thorough examination of the athletic horse
by a veterinarian who understands and is familiar with the
sporting endeavors of a particular athlete is a challenging
and potentially troublesome task. With practice and diligence
it can be a very rewarding professional and financial experi-
ence. In order to conduct such examinations proficiently,
knowledge of the types of injuries and diseases affecting ath-
letic horses and which may shorten or cause problems in a
career should be understood. In this chapter the aim and phi-
losophy of the prepurchase examination, general approach
and examination procedure used, the use of special examina-
tion techniques and the differences in examination approach
between various athletes will be discussed. The prepurchase
examination of horses intended for breeding will not be dis-
cussed but has been reviewed elsewhere.1,2

Aim and philosophy

The selling and buying of athletic horses is essential for a
vibrant and profitable equine industry. Breeders of horses
strive to produce well-grown athletic individuals from supe-
rior blood lines in the hope of selling a product that will be
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examination imply a degree of warranty. Using these terms
when giving an opinion may leave the examining veterinar-
ian legally vulnerable if the horse should prove to be unus-
able by the purchaser and they are not recommended.6

Another reason why it is unwise to use such terminology is
that in many instances a complete examination of the horse
to be purchased is not possible. Providing an opinion on suit-
ability or serviceability based on an incomplete examination
is fraught with difficulties.

The veterinarian should confine his or her opinion to the
functional significance of relevant examination findings.7 A
decision to purchase the horse or a decision on the suitability
or serviceability of a horse for a specific intended purpose is a
business judgment that is the sole responsibility of the pur-
chaser and is made on the basis of a variety of factors, only
one of which is the report provided by the examining veteri-
narian.6,7

It is common to find some clinical problems in athletic
horses. Rather than take the easy road of advising against
purchase where problems are recognized it is better to provide
the purchaser with a balanced assessment of risk. Probably
the most practical method is to assign a measure of likelihood
or percentage chance that an abnormality or clinical finding
will impair athletic performance.4,8 In forming such an
opinion the veterinarian draws on her or his own experience,
the experience of others and the scientific literature. For
example, recent evidence suggests that the presence of dorsal
medial intercarpal disease identified on presale radiographs of
the carpus of Thoroughbred yearlings is associated with a
20% chance of an affected horse not starting a race.9

It should be noted that the way in which the veterinary
opinion is presented to the purchaser differs around the
world. The variation often reflects the results of court deci-
sions in cases of dispute and the establishment of legal prece-
dent.6 For example, the British Equine Veterinary Association
recommends that the opinion given on examination for pur-
chase be that a horse is ‘suitable or unsuitable’ for the
purpose for which it is intended.3 The equine industry accepts
this method and the British legal system recognizes it as
reasonable.10

Requirements for the
prepurchase examination

In order to perform a successful prepurchase examination a
number of requirements should be met and include the
following:10

● Clear communication with the purchaser or purchaser’s
agent, vendor or vendor’s agent before, during and after
the examination. This communication should be both
verbal and in writing. The limitations of the veterinary
examination should be discussed with the purchaser
together with an explanation of how the examination
findings will be reported. The results of the examination

are privileged and confidential and are the property of the
purchaser.

● If the vendor is a client of the veterinarian (current or
past) this represents a potential conflict of interest. All
parties should be consulted and if the examination is to go
ahead this agreement should be made in writing.

● Written confirmation of what portions of the examination
the purchaser requires (see buyer’s statement in Appendix
at the end of this chapter). The requirement of additional
ancillary tests should be indicated. Where regular exami-
nation procedures are unable to be performed (e.g. horse is
not broken to lead) this should be detailed in the written
report furnished to the purchaser. Other than for young
stock, the horse should be in full athletic work and it is
unwise to perform examinations on animals not in regular
work because previous lameness or back problems may
not be apparent.8 These issues should be discussed care-
fully with the purchaser or purchaser’s agent.

● A vendor’s statement (see Appendix) should be completed
in writing prior to examination of the horse.

● It is ideal although often not possible to have the vendor
and purchaser present during the examination. A method-
ical and thorough examination process is required which
includes examination before and after strenuous activity,
preferably similar to that performed by the horse in its
chosen occupation. Adequate personnel and conditions
throughout this procedure are necessary.

● A thorough knowledge of the intended use of the horse.
● The veterinarian should have the skill necessary to differ-

entiate normal and abnormal variations in physical and
gait evaluations and be able to relate these to the horse’s
intended use so that an assessment on current and future
performance can be made.

● Precise and detailed recording of examination findings.
● Be able to advise on the necessity of ancillary diagnostics

and perform these or refer on for specialist examination.
● If the horse is to be insured or is being purchased for resale

these issues should be discussed thoroughly with the pur-
chaser. While some conditions identified during the exami-
nation will be acceptable risks for a certain intended use they
may cause problems if the horse is to be insured or resold. For
example, a distal intermediate ridge osteochondral fragment
not resulting in clinical signs may be a low risk for purchase
in a Thoroughbred yearling that is to be trained and raced by
the buyer. If the purchaser, however, intends to condition the
horse and sell it in a ‘2 year old in training sale’ such a radi-
ographic finding might deter a future purchaser. In addition,
an insurance exclusion could be put in place on such a horse
if the purchaser opted to surgically remove this fragment
prior to further sale.

Examination procedure

Veterinarians use a variety of protocols for examination of
the athletic horse prior to purchase.6–8,11,12 Some veterinary
societies recommend a standardized procedure that should be
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used by their members.7,8,11 By following such methods a
degree of protection is afforded the veterinarian in case of lit-
igation and a standard method reduces the chances of
missing problems. However, other veterinary associations
such as the American Association of Equine Practitioners
have not produced an official step-by-step protocol because of
the legal ramifications that may arise if a veterinarian did not
strictly adhere to the policy. In addition, by not using a stan-
dard protocol veterinarians are free to adopt their own
methods of examination.

One method used by the authors, and one that has been
well accepted in Australia, New Zealand and Great Britain, is
based on a five-stage procedure and this is described below.

Stage 1. Preliminary examination

An accurate description of the horse is required. A vendor’s
statement should be completed. The current state of work
should be noted and the resting examination conducted. This
part of the examination is usually performed within the
horse’s stall or stable having been at rest for at least 30 min.
Access to a dark area is useful for examination of the eyes. A
nose to tail examination should be conducted and the hands
passed over every part of the body. Each foot should be picked
up, examined and a hoof tester applied. The limb joints are
checked for effusion and flexed to detect pain or limitation of
movement. The palmar/plantar flexor tendons, ligaments
and soft tissues are evaluated for swelling, heat and pain. The
accompanying checklist (see Appendix) should be followed
precisely so that no part is overlooked. With experience the
veterinarian develops an automatic inspection procedure.
The horse is then brought out of the stable and inspected
thoroughly from all sides. Conformation is evaluated with the
horse standing on a level surface. At this stage if any obvious
defect is present which would impair the function of the
animal the examination is stopped with the consent of the
purchaser. The premature termination of the examination
and the reason is explained in the report.

Stage 2. Examination during walking,
trotting, turning and backing

A competent attendant should handle the horse. The horse is
walked 20 m away from the examiner and then back. The
horse should be viewed from the front, back and sides. The
horse is then trotted for 30–40 m and trotted back and then
trotted in a circle both ways. The horse should be turned one
way and then the other in tight circles and then backed a few
paces. Coordination and proprioception are carefully assessed
and to test for hindlimb strength a ‘tail pull test’ is used.
Following this a full series of flexion tests as outlined in the
guidelines are performed. The significance and interpretation
of flexion tests are controversial. Force applied, duration of
application, age and work history can all influence the
outcome of these manipulations. Flexion tests should not be
interpreted in isolation. Positive flexion tests without concur-

rent lameness or other clinical abnormalities may have little
clinical significance.13 In our hands flexion tests have proved
useful to detect signs of disease. The radiograph in Fig. 62.1
shows a subchondral cyst-like lesion in the proximal phalanx
of a 2-year-old unbroken Paint gelding that had been
paddock rested for 12 months. A repeatable response to
forced flexion and lameness following this was the only sign
evident. Joint effusion was not present.

The clinician should develop a consistent and repeatable
technique and this is probably the best way of achieving
reproducible results. If during this examination signs of
lameness are present the examination may be terminated.
Sometimes the purchaser wishes to continue with the exam-
ination – this is ill advised – but if the purchaser or vendor
wishes to know the source of the lameness, the format, cost
and person responsible for payment of this extra examination
needs to be clarified.

Stage 3. Examination during and
immediately after strenuous exercise

Within the confines of the animal’s age, condition, training,
fitness and only after the vendor’s consent, exercise of
sufficient intensity and duration should be performed so as to:

● induce rapid deep breathing so that unusual breathing
sounds can be heard

● tire the animal so that strains and injuries and other exer-
cise-related problems (e.g. epistaxis) may be revealed after
a period of rest

● increase the action of the heart so that exercise-related
cardiac abnormalities may be detected, e.g. atrial 
fibrillation.7

Examples of such exercise for the race horse include a
sufficient warm-up followed by a gallop for 400–600 m. The
examiner should position himself or herself close to the horse
to observe and listen to the breathing pattern. A normal
horse has only a single respiratory sound heard on expira-
tion. When an inspiratory sound is heard this typically is due
to impaired arytenoid function (e.g. laryngeal neuropathy).
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Fig. 62.1
Dorsopalmar view of the
right front fetlock of a 
2-year-old Paint gelding.
Note the small
subchondral lucency
communicating with the
fetlock joint in the
medial proximal aspect
of the first phalanx.A
positive distal limb
flexion test was present
in this horse.



Upper respiratory tract obstruction that results in loud
inspiratory and expiratory sounds can be caused by con-
ditions such as intermittent epiglottic entrapment, arytenoid
chondritis or pharyngeal collapse. Excessive production of
airway secretions and alar fold collapse are other possibilities.
The horse should be pulled up as quickly as is safe and the
breathing pattern closely observed to detect sounds of dorsal
displacement of the soft palate, inspiratory noises typical of
laryngeal neuropathy, abnormal nasal discharge and signs of
respiratory distress. The horse should then have an endo-
scopic evaluation. Untrained animals, those too young or
unable to be ridden should be lunged and the duration and
intensity of exercise recorded.

Stage 4. Examination during the period
after exercise

The animal should be allowed to ‘cool down’ quietly over a
period such that respiratory and heart rates return to
normal. A crude assessment of fitness and respiratory func-
tion can be made by evaluating heart and respiratory rate
over this period. This period allows for any injuries or muscu-
loskeletal problems to ‘stiffen up’ (e.g. degenerative changes
within the fetlock joints).

Stage 5.The final examination during
walking, trotting, turning and backing

The horse is examined as in stage 2 paying careful attention
to any signs of lameness. Lunging in the circle both ways for
a few rounds is also advised. Hoof tester and flexion tests may
be repeated if signs of lameness are present.

Avoiding problems in the prepurchase
examination

Examination of claims made against veterinary surgeons
relating to the prepurchase examination show they are of
two broad types.14 In the first instance the veterinarian is
accused of not detecting an abnormality that subsequently
becomes a problem. This most commonly relates to lameness
occurring soon after purchase. A careful and thorough
examination procedure should help reduce the chances of
inadvertently making such errors. Testing for drug adminis-
tration may also act as a deterrent to the use of agents that
may hide lameness problems or help confirm the presence of
such agents at the time of examination.

In the second instance the complaint is that the purchaser
was not informed of a condition or abnormality (e.g. sarcoid)
that could become a problem. To avoid this situation good
communication before, during and after the examination
with the purchaser is necessary. Most importantly the limita-
tions of the examination procedure must be carefully dis-
cussed. Having a clear understanding of the expectations and
intentions of the purchaser with respect to the future use and
training of the horse is critical.

Another frequent problem is dissatisfaction expressed by
the vendor. This may be that the veterinarian improperly dis-
criminated against the horse in question by providing the
purchaser with incorrect opinions regarding the significance
of the clinical findings of the examination. Such examples
include the diagnosis of lameness, response to flexion tests,
significance of conformational defects and opinion on the
significance of radiological findings. It must be remembered
that the vendor is of course trying to sell the horse and a bal-
anced opinion regarding any defect or abnormality present is
naturally tainted by some bias.

Notwithstanding this, it behooves the examining veteri-
narian to confine his/her opinion to fact, which is supported
by experience and knowledge of the scientific literature. A
second opinion from a respected colleague may be very
useful. Because opinions between veterinarians differ it is best
to confine any opinion given in terms of the degree of risk
that any defect or abnormality may have currently or in the
future on athletic performance. It is recommended that the
veterinarian does not express his or her opinions relating to
the outcome of the examination procedure to the vendor.

Special considerations and ancillary
tests

Conformation assessment

The assessment of conformation is a very important part of
the prepurchase examination. Many veterinarians believe
that conformation, or more specifically, deficiencies in confor-
mation, play a significant role in the maintenance of athletic
soundness and contribute to the ability of elite performers.
For example, it is well known that some conformational faults
predispose athletic horses to injuries and lameness.15–19 In
addition, many astute observers of horses believe that the
way horses are ‘put together’ has a major effect on how suc-
cessful they are in various disciplines.16,19 Unfortunately,
objective scientific data to support these commonly held opin-
ions is limited. Moreover, very talented individuals appear to
compensate for deficiencies in conformation. It is probably
true to say, however, that marked discrepancies from what is
considered optimal conformation result in injuries that limit
athletic performance. Limitations in the short term, espe-
cially in gifted individuals, can be overcome, but in the long
term recurrent injury and lameness is more likely. Issues
relating to the conformation assessment of various athletic
horses are discussed below under the examination of each
athlete. The reader is directed to more extensive recent
reviews on the subject.15–19

Laboratory evaluation

Although a variety of laboratory evaluations may be useful
as ancillary aids during the prepurchase examination,20,21

drug testing and those tests required for insurance purposes
or certification of disease status when horses are transported
between states or countries are the most common. Blood tests
such as evaluation of the hemogram, plasma fibrinogen and

1204
Veterinary management of the performance horse



serum chemistry are not routinely performed but would be
indicated to determine if observed clinical symptoms were
significant, e.g. nasal discharge, cough, elevated rectal tem-
perature or submandibular lymph node enlargement. The
vendor’s permission should be sought and, to avoid confusion
with the interpretation of results, blood should be collected
prior to exercise.

Because equine athletes are frequently medicated and
because unscrupulous vendors might use drugs to mask
musculoskeletal pain, many purchasers now request drug
testing. Drug testing is thought to provide insurance against
‘foul play’ but the purchaser should be advised carefully as to
the limitations associated with such testing. For instance, the
range of drugs tested by some laboratories may be limited
(e.g. only testing of non-steroidal anti-inflammatory agents),
testing is expensive, results are not immediate, some drugs
are difficult to detect (e.g. some intra-articularly injected
agents) or are no longer traceable but still exert a pharmaco-
logic effect. Therefore, a negative test is not always commen-
surate with an animal that has not been medicated. Blood is
usually the fluid sampled but in fact urine, although more
time-consuming to collect, is the preferred sample because
many drug metabolites are concentrated in urine and many
agents can be detected for extended intervals in urine.

It is probably always wise to take a blood sample at the
time of examination.20 The simple act of collecting the
sample, especially if the vendor is advised in advance, can
have a deterrent effect. If the purchaser does not want the
sample tested it should be kept for at least 2 weeks in case they
change their mind. If testing is requested the samples should
be packaged appropriately and dispatched by courier immedi-
ately. Regardless of when the sample is tested the process
must be transparent and the vendor and purchaser should
have an opportunity to witness collection and each party
should acknowledge this by signature on any paperwork and
on the tubes of collected blood. In some countries (e.g.
Britain) a standardized collection process is used.8

The Coggins test for equine infectious anaemia (EIA) needs
to be performed on horses that will travel interstate. For those
horses imported into the USA and which might compete
internationally, tests for piroplasmosis, dourine, glanders 
and EIA should be performed. When breeding stock are
examined, tests for equine viral arteritis and contagious
endometritis may be required.8,20 In each case the client
should be warned about the cost of such tests and the delays
that testing might incur. Horses would ideally not be pur-
chased until the results of such tests were known.

Examination of the cardiovascular system

During the clinical examination before and after exercise 
the cardiovascular system should be carefully examined.
Chapter 32 discusses the evaluation of the cardiovascular
system in detail. Principally the examiner determines if there
is evidence of overt cardiac disease (elevated resting heart
rate, elevated resting respiratory rate, distended jugular
veins, dependent edema and exercise intolerance) cardiac
murmurs or cardiac arrhythmias. Second it is important to

differentiate between physiologic cardiac murmurs and
arrhythmias and those that are pathologic. Where there is
doubt an electrocardiographic examination and an echocar-
diographic examination may be required. It is advisable to
seek specialist opinion in these areas. The following points
should be kept in mind:22

● Physiologic murmurs (flow murmurs) are usually local-
ized, of low intensity (grade 1 and 2), short in duration
and sometimes musical. They are usually early to mid
systolic, early diastolic or presystolic.

● Pathologic murmurs are often (but not always) louder,
radiating and holo-pansystolic (mitral and tricuspid valve
regurgitation) or holodiastolic (aortic valve regurgitation).

● Mild localized regurgitant murmurs may be asso-
ciated with a low risk for athletic performance. Echo-
cardiography is best.

● Sinus arrhythmia, sinus block and second-degree atrio-
ventricular block are relatively common and of no clinical
significance.

● Atrial fibrillation and premature beats (atrial premature
complexes, ventricular premature complexes) are usually
not acceptable in athletic animals. Exercise or 24-hour
electrocardiographic examinations may be required to
determine clinical significance.

Imaging and the prepurchase examination

The most common ancillary diagnostic aid used to evaluate
the musculoskeletal system in the prepurchase examination
is radiography. Radiography was performed in 49% of all 
prepurchase evalutions in one review23 and this was more
likely if the examination was performed at a clinic. The prin-
cipal indications or reasons for prepurchase radiography
include:24

● Clinical examination findings indicating an abnormality
that requires quantification/clarification (e.g. fetlock joint
effusion with pain on flexion).

● Intended use of horse (e.g. dressage competitor versus
low-level pleasure horse).

● In young unbroken horses or in horses unable to be rigor-
ously exercised, or athletic horses that have been rested,
survey radiographs may help identify clinically silent or
quiescent lesions which may cause future problems when
training starts or is recommenced.

● Client’s instructions. Clients may instruct the examining
veterinarian to perform a radiographic examination. The
reasons for this can be many and include the desire to sell
the horse in the future, previous bad experiences or
because of advice from others.24

● A standard set of radiographs is required as part of the
examination of Thoroughbred horses being exported for
racing to some countries (e.g. Hong Kong and Macau).

● Purchase price.

The routine use of radiography in the prepurchase exami-
nation can be problematic. Opinions differ as to the reliability
of radiographs to be of predictive value for future athletic

1205
62 Examination of the equine athlete prior to purchase



1206
Veterinary management of the performance horse

soundness.24 Some veterinarians believe that radiography
should be avoided if it will not influence the opinion given on
clinical grounds. The added expense and the possibility that
radiographs will only ‘confuse the picture’ especially if ques-
tionable changes are identified should also be considered.
Regardless of these issues, radiographic lesions or changes
can only be properly interpreted when combined with exam-
ination findings and clinical history. Radiographs by them-
selves may be meaningless. In addition, high-quality images
with sufficient views are required.25 The minimum number of

radiographic views required to examine a specific anatomical
site during prepurchase radiography are presented in 
Table 62.1.24,25 The radiographs must be permanently
marked with the name or number of the horse, date, name of
the veterinarian or veterinary hospital and identification of
the leg examined. A method for recognizing which oblique
view has been taken (e.g. always placing markers on the
lateral aspect of the film) is necessary. The radiographs
belong to the veterinarian and are part of the animal’s
medical record and need to be kept for the period determined

Distal phalanx
Lateromedial LM
Dorsoproximal – palmaro (plantaro) distal oblique Upright pedal or D45° Pr-Pa (PL) Di O
Dorsopalmar (plantar) DPa (PL)

Navicular bone
Lateromedial LM
Dorsoproximal – palmaro (plantaro) distal oblique Upright pedal or D60° Pr-Pa (PL) DiO
Palmaro (plantaro) proximal – palmaro (plantaro) Pa45° Pr-Pa (PL) Di O
distal oblique

Pastern
Specific views of the pastern can be taken.The horse should stand squarely on wooden blocks. However,
for survey purposes the pastern is often included in views of the foot or the fetlock
Lateromedial LM
Dorsopalmar (plantar) DPa (PL)
Dorsolateral – palmaro (plantaro) medial oblique D45°L- Pa (PL) MO
Dorsomedial – palmaro (plantaro) lateral oblique D45°M- Pa (PL) LO

Fetlock
Lateromedial or flexed lateromedial LM
Dorsoproximal palmaro (plantaro) distal oblique D30° Pr- Pa (PL) Di O
Dorsoproximal lateral – palmaro (plantaro) D5° or 10°Pr45°L- Pa (PL) Di MO
distomedial obliquea

Dorsoproximal medial – palmaro (plantaro) distal D5° or 10°Pr45°M- Pa (PL) Di LO
lateral obliquea

Metacarpus/metatarsus
Lateromedial LM
Dorsopalmar (plantar) palmaro (plantaro) DPa (PL)
Dorsolateral – palmaro (plantaro) medial obilque D45°L- Pa (PL) MO
Dorsomedial – palmaro (plantaro) lateral oblique D45°M- Pa (PL) LO

Carpus
Lateromedial LM
Flexed lateromedial Flexed LM
Dorsopalmar DPa
Dorsolateral – palmaromedial oblique D30° or 45° L – Pa MO
Dorsomedial – palmarolateral oblique D30° M – Pa LO
Flexed dorsoproximal – dorsodistal oblique Flexed D 30° Pr – DdiO (skyline of C3)

Tarsus
Lateromedial LM
Dorsoplantar DPL
Dorsolateral – plantaromedial oblique D45° L – PL MO
Dorsomedial – plantarolateral oblique D55° M – PL LO

Stifle
Lateromedial LM
Caudocranial Cd Cr or
Caudolateral – craniomedial oblique Cd 30° L – Cr MO
a By angling the X-ray beam distally by 5° in the front fetlocks and 10° in the hind fetlocks the palmar or plantar
aspect of the proximal phalanx can be clearly visualized to identify bone fragments at this site.

Table 62.1 Minimum recommended radiographic views for prepurchase radiography
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Region Radiological diagnosis

Distal phalanx ■ Laminitis26 – high.
■ Pedal osteitis complex/concussive trauma26 – moderate – manageable.
■ Hoof imbalance – low to moderate – manageable.
■ Degenerative joint disease (DJD) distal interphalangeal joint26 – high.
■ P3 Osseous cyst like lesions26 – if communicate with joint risk is high. Upright pedal or D45° Pr-Pa (PL) 

DiO required.
■ Ossification of hoof cartilages26 – low.
■ Mineralized opacities adjacent to extensor process of P324,26 – low, usually insignificant.
■ Round smooth densities adjacent to palmar processes – low, secondary centers of ossification or old 

fracture.26,27

Navicular bone Navicular syndrome – controversial since radiological changes can be similar in sound and lame horses.Those 
most likely to be significant include:24–26

■ Increased number of enlarged synovial fossae.
■ Medullary sclerosis/loss in corticomedullary definition.
■ Medullary lucency.
■ Flexor cortex erosions/new bone formation.
■ The above changes in combination with clinical findings are indicative of navicular disease/syndrome which 

represents a high risk for impairment in future athletic performance.

Pastern ■ DJD – generally risk is high. Proximal P2 osteophytes may be incidental in Warmbloods.8

■ Osseous cyst-like lesions (distal P1 or proximal P2) – risk is high if communicate with proximal 
interphalangeal joint (especially if medial or lateral of midline) and if accompanying evidence of DJD, low if 
isolated from joint. Centrally located cyst-like lesions in the distal aspect of P1 in yearling Thoroughbreds 
appear to have a low risk for future lameness.

■ Osteochondral fragments palmar/plantar eminence of proximal P2 – risk is low–moderate.28

Fetlock ■ DJD26 – Generally risk is moderate–high in any performance horse. If supracondylar lysis and osteophyte 
formation on the sesamoid bones are present, risk is high. Reduced risk if only slight modeling, correlate with 
age, occupation and clinical findings.

■ Palmar/plantar proximal P1 fragments – origin may be proximal sesamoid bones or P1, can be articular 
or non-articular and could be avulsion fragments or OCD. Risk is considered low and articular fragments can 
be removed arthroscopically with a good prognosis. Little effect on ability to start a race (presale findings in 
Thoroughbred yearlings9) and little effect on racing performance in Standardbreds.29

■ Ununited proximoplantar tuberosity – suggested clinical significance 12.5%30 when recognized in young 
animals. May heal back to parent bone in young animals. Correlate with exam findings. Evidence of periosteal 
proliferation, calcification of distal sesamoidean ligaments and articular involvement increases risk.

■ Proximal dorsal P1 fragments – possibly developmental in yearlings but most likely traumatic in adults.
Risk is low if other signs of DJD are absent. Correlate with age, occupation and exam findings. Prognosis 
following arthroscopic removal is very good.9,25,26

■ OCD – distal MC3/MT3 and distal 2/3 of MC3/Mt3 sagittal ridge9 – risk is variable. Large defects, those with 
fragments and those showing subchondral bone changes represent a moderate–high risk. Follow-up on 
yearling Thoroughbreds and Standardbreds showed these changes to have little effect on starting a race 
(Thoroughbred) or on racing career (Standardbred) – amenable to surgery with a reasonable prognosis.9,25

■ Osseous cyst-like lesions of Mc3/Mt3 and proximal P1 – risk is high if communicate with articular 
surface. Some cysts, however, can be incidental findings.25

Proximal sesamoid ■ Sesamoiditis26 – conflicting opinion and research evidence on risk. Proposed etiology varies between 
bones occupations.26,31–34 Radiological changes include osteophytes, enthesophytes, osteolysis and enlarged vascular 

channels. If multiple changes ultrasound of suspensory apparatus is warranted. Correlate with age, occupation,
conformation (e.g. upright pasterns), exercise history and exam findings. Increased numbers of enlarged,
irregular vascular channels especially if enthesophytes are present represent an increased risk.9,34 Check for 
DJD of fetlock joint. Presale radiography of Thoroughbred yearlings showed > 50% of proximal sesamoid 
bones had irregular vascular channels but this did not affect the ability of horses to start a race when 2 or 
3 years old.9 Young Standardbreds with sesamoid changes showed improvement over time and earnings as 
3- and 4-year-old horses were not different to those horses without sesamoid changes.33

■ Fractures32 – sesamoid fractures identified on presale radiographs of yearling Thoroughbreds did not appear 
to influence the ability to start a race at 2 or 3 years of age.9 These fractures (some of which may be separate 
centers of ossification), often occur when the horse is a foal and healing can result in a complete bony union.32

An elongated or malshaped sesamoid bone can result if the fracture was displaced.Ability to start a race was 
not affected by these changes.9 Hindlimb apical sesamoid fractures in particular appear to be low risk.9

Fracture size, position and evidence of other changes should be evaluated in young horses to estimate risk. In 
mature horses sesamoid fractures are often clinically significant and careful evaluation of the suspensory 
apparatus and fetlock joint is required.

Table 62.2 Estimate of risk that various observed radiological changes result in reduced athletic performancea,b
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by the statute of limitations for the state or locality in which
the veterinarian lives.
What are we looking for on prepurchase radiographs
that may result in a reduced capacity to perform as an
athlete? When viewing radiographs during the pre-
purchase examination a thorough examination of each film
is performed.26 Significant radiographic abnormalities associ-
ated with the appendicular skeleton of the horse have been
reviewed.26 Any abnormalities should be described in terms
of size, shape, position, density and relationship to adjacent
structures. With respect to the athlete, however, there are a
number of recognized conditions or anomalies observed on
radiographs that carry a degree of risk for reduced athletic

performance (Table 62.2).24–26 The examiner should look
carefully for the presence of developmental orthopedic
disease (age, breed and joint specific), osteoarthritis or evi-
dence of ‘wear and tear’, fracture and bone modeling. In
young untrained animals developmental orthopedic disease
must be conscientiously ruled-out. In animals that have per-
formed, especially older animals, osteoarthritis and ‘wear and
tear’ injuries are important.
Limitations and problems associated with prepurchase
radiographs Radiographic evaluation in the prepurchase
environment has a number of limitations and these should be
discussed with the purchaser. Routine radiographic views
may not detect all lesions, apparently normal radiographs do

Region Radiological diagnosis

Metacarpus/ ■ Exostoses/splints26 – active splints represent a short-term moderate–high risk for impaired athletic 
metatarsus performance. Palmar soft tissues may require ultrasonography.

■ Proximal MT3/MC3 sclerosis26 – may alert clinician to conduct an ultrasound of the proximal suspensory 
ligament but the presence of this change alone may have little clinical significance.

Carpus ■ DJD26 – generally risk is moderate–high for any performance horse. Mild changes, including mild articular 
osteophyte production, especially in the radiocarpal joint, have reduced risk. Assess with respect to age,
conformation, occupation, work history and intended use. Smooth/mature non-articular enthesous bone formation 
on dorsal carpal bones – low risk.24 Some third carpal bone sclerosis in race horses is expected. Significant focal 
lucency and marked loss of trabecular pattern – high risk. Presale radiography of yearling Thoroughbred race horses 
showed the presence of dorsal medial intercarpal disease reduced the chance of starting a race at age 2 or 3 by 20%.9

■ Osseous cyst-like lesions – can affect any of the carpal bones, usually incidental findings.24 Osseous cyst-like lesions 
of the radial carpal bone or distal radius may cause lameness – correlate with clinical signs.

Tarsus ■ DJD (tarso-metatarsal and distal intertarsal joints)26 – generally risk is moderate – high for any performance 
horse.Assessment of risk can be difficult based on radiographs alone because correlation between radiographic 
findings and lameness is poor.Therefore, clinical examination, age, occupation and exercise history is important.
Smooth mineralized enthetic osteophytes on the dorsoproximal aspect of MT3 may be incidental findings without 
other articular changes – risk is low.25 Thoroughbred yearlings with evidence of osteophyte or enthesophyte formation 
at the distal intertarsal or tarso-metatarsal joint margins were significantly less likely to start as 2- or 3-year-olds 
(difference was 7%).9 The presence of periarticular osteophytes dorsomedially in Icelandic Ponies had a 53% predictive 
value for lameness.35

■ OCD26 – generally risk for affecting athletic performance is considered low–moderate but site, size, subchondral bone 
changes and other joint changes should be considered. Studies in conservatively treated Standardbred race horses that 
were evaluated as young horses show racing performance to be similar to unaffected horses.29,36 Other studies show 
mild reductions in earnings and numbers of starts (especially in 2-year-olds).37,38 Small or well-attached fragments are 
low risk but effusion and lameness may result (unpredictably) when workload increases.24 Evidence of OCD of the 
tarsus had little effect on the ability of a Thoroughbred yearling to start as a 2- or 3-year-old.9 Success rates following 
arthroscopic surgery are good (75–80%).39

■ Wedged, third and/or central tarsal bones – represents a moderate–high risk for reduced athletic performance 
and may predispose to fractures.40

Stifle ■ OCD (osteochondritis dissecans)26 – most horses show clinical signs within the first 2 years of life. However,
clinical signs can manifest at any age. In addition, radiographic changes may correlate poorly with intra-articular 
pathology.Therefore, clinical examination findings are most important and should be assessed together with site, size,
subchondral bone change, presence of concurrent DJD, age, occupation and exercise history to assess risk. Mild 
changes (flattening, irregularity) without effusion – low risk. Larger lesions have higher risk. Prognosis for successful 
athletic performance following stifle arthroscopy is approximately 64%.39

■ Subchondral cystic lesions (SCL) – although some SCLs may be asymptomatic, all SCLs of the stifle (medial 
femoral condyle, proximal tibia) have a moderate to high risk for affecting future athletic performance. Communication 
with the articular surface increases the risk. In addition, surgical therapy (arthroscopic debridement) only carries a 
56–74% success rate for successful athletic performance.41 Shallow concavities of the distal medial femoral condyle 
without underlying subchondral changes on the articular surface are generally insignificant.24

■ DJD26 – risk is high and treatment only palliative.
a All conditions should be assessed in light of the clinical examination. Only rarely do radiographic lesions by themselves allow a complete assessment of risk.
Assessment of risk has been generalized for each condition. However, each horse should be evaluated as an individual.
b Cited references describe aspects of the radiographic, radiological or clinical features of each condition.

Table 62.2–cont’d.
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not always exclude pathological processes (e.g. developing
lesions may not be detected) and apparently abnormal
findings may not have current or future clinical relevance.
For example, Fig. 62.2 shows a radiograph of a lateral to
medial view of the left carpus of a 4-year-old dressage horse.
There are two, large, well-circumscribed lucencies in the
accessory carpal bone. These are unlikely to be of clinical
significance and the horse did not show any pain to palpation
of the accessory carpal bone or lameness after carpal flexion.
Another example of an obvious radiological lesion that is not
necessarily clinically significant is shown in Fig. 62.3. An old
apical fracture of the medial proximal sesamoid bone in the
right hind leg of this 2-year-old Thoroughbred race horse is
present. The horse was purchased at a public auction sale as
a yearling and has shown no lameness or clinical signs asso-
ciated with this joint. The best way of deciding on current
clinical significance of a radiographic change is to match it
carefully with the physical examination. This is why a rigor-
ous five-stage examination is useful.

More challenging is predicting the likelihood that radi-
ographic changes will become a clinical problem when
dealing with a young unproven animal that has not yet been
subjected to training. This difficulty is compounded by the
paucity of objective information relating radiographic
changes with future athletic performance. The combination
of physical examination, conformation analysis, intended
use and published information is used to provide the prospec-
tive purchaser with an opinion on the level of risk a particu-
lar radiographic change might pose. For example, the
radiograph in Fig. 62.4 shows an osteochondral fragment
typical of osteochondritis dissecans (OCD) associated with
the distal aspect of the medial malleolus in the tarsus of a 
4-year-old Warmblood dressage horse that has had 6 months
of basic training. Given the age of the horse, the fact there
was no lameness on clinical examination, no effusion and no
response to a hock flexion test, the client was advised that the
OCD was not currently a clinical problem and the risk for
future problems was considered low (less than 25%). Surgical
removal carried a predicted success rate of approximately
80% if a problem developed. In contrast, Fig. 62.5 shows a
dorsomedial-palmarolateral oblique radiographic view of the
right front fetlock in a 2-year-old Thoroughbred race horse
examined prior to purchase and export to Hong Kong. The
medial proximal sesamoid bone shows evidence of moderate
sesamoiditis with a focal lucency within the abaxial part of
the bone. The palmar border of the sesamoid is irregular. This
horse had a positive distal limb flexion test and was painful to
focal pressure applied to the sesamoid bone. The risk for
future lameness related to these findings was considered
moderate to high.

Fig. 62.2
Lateral to medial view of the left carpus of a 4-year-old
dressage horse. Note the two, large, circular lucencies present
in the accessory carpal bone. No clinical signs were associated
with these findings.

Fig. 62.4
Dorsoplantar view of the right hock of a 4-year-old dressage
horse. Note the osteochondral fragment associated with the
distal medial malleolus.This is typical of osteochondritis
dissecans.There was no tarsocural joint effusion and a hock
flexion test was negative.

Fig. 62.3
Dorsoplantar
view of the right
hind fetlock of a
2-year-old
Thoroughbred
race horse. Note
the old apical
fracture of the
medial proximal
sesamoid bone.
No clinical signs
were associated
with this finding.



By giving purchasers an assessment of risk, rather than a
‘pass or fail’ opinion, the veterinarian can help facilitate a
successful sale. However, the acceptance of risk by the pur-
chaser can be variable and depending on the experience of
the purchaser there is also a variable level of tolerance to
faults or problems a horse may have. It may be advisable to
seek more than one opinion on radiographic changes or send
the films for review to a radiologist or surgeon.

Other imaging modalities

While not routine, ultrasonographic evaluation of the soft
tissue structures distal to the carpus and hock has been per-
formed with increasing frequency as part of the prepurchase
examination in recent years. Common use of ultrasonogra-
phy in equine practice, availability of good equipment and an
expanded understanding of the importance of soft tissue
musculoskeletal injury in athletic horses probably accounts
for this. Indications for use include:42

● abnormalities identified during the clinical evaluation;
careful palpation and comparison between limbs is
required

● history of a previous injury
● at the purchaser’s request.

In addition, some veterinarians recommend ultrasono-
graphic examination in circumstances when they suspect an
injury could be present but which is not reported (e.g. event
horses or race horses that have been absent from competition
for extended periods, were competing but have not competed

recently, or where there is an unexplained reduction in work
intensity).8,42

It is important that the veterinarian is familiar with the
requirements for distal limb ultrasonography42,43 including
equipment, scanning technique and permanent image
recording. Image interpretation requires considerable experi-
ence. Acute and chronic tendon or ligament injury may have
major consequences for future athletic performance. The site,
severity, age and state of healing of any injury, together with
the intended use of the horse, will determine the risk assess-
ment for future problems in an individual case.

Nuclear scintigraphy is another imaging modality that
could be utilized in the prepurchase examination.25 It is not
generally used and the potential use as a ‘screening tool’ in the
context of a prepurchase examination would be problematic
and is not recommended. Expense and limited availability also
preclude widespread use. However, in certain circumstances
nuclear scintigraphy might be valuable and these include:

● assessing the current clinical significance of apparent
radiological lesions or palpable osseous abnormalities

● assessing degree of healing of a previous injury, e.g. stress
fracture of the pelvis or a dorsal metacarpal stress injury
(‘bucked shins’)

● differentiating between chronic fractures and multipartite
anomalies.25

Endoscopic examination of the upper
respiratory tract and trachea

The use of endoscopy in the prepurchase examination is vari-
able. Some veterinarians believe that endoscopy is only indi-
cated if clinical examination findings determine that it would
be useful (e.g. nasal discharge following exercise, abnormal res-
piratory noise heard at exercise). However, some abnormalities
of the upper respiratory tract are not always associated with an
abnormal respiratory noise, especially if the horse is not exer-
cised fast enough. These might include ethmoid hematoma,
mild arytenoid chondritis, some tumors, pharyngeal cysts and
some epiglottic entrapments.12 While dressage horses and
showjumpers have competed successfully with significant
laryngeal hemiplegia or other respiratory impediments, abnor-
mal respiratory noise and reduced airflow may still affect per-
formance and be of concern to rider and spectator. Endoscopy
is recommended or indicated in the following situations:

● All race horses should ideally be endoscoped before and
after strenuous exercise.

● Equine athletes unable or unsuitable to be exercised
strenuously. This includes yearlings at auction sales.

● Elite sport horses.
● When abnormalities in the clinical evaluation are

detected, e.g. abnormal respiratory noise at exercise, nasal
discharge or cough, sinus swelling.

● Purchaser’s request.
● When purchase price demands a more comprehensive

examination.44

A complete endoscopic examination of the upper res-
piratory tract and trachea is seldom performed. A methodical
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Fig. 62.5
Dorsomedial–palmarolateral oblique view of the right front
fetlock of a 2-year-old Thoroughbred race horse. Note the
abnormal lucency in the abaxial part of the proximal medial
sesamoid bone.The palmar border of the bone is also
irregular.This change is typical of sesamoiditis and carries a
moderate–high risk for future lameness problems. Pain could
be elicited on deep palpation of this bone.
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examination of both nasal passages, ethmoid turbinate
areas, openings of the guttural pouches, pharynx, larynx
and cervical trachea is usually sufficient. The examiner is
looking for structural and functional abnormalities that
would impair athletic performance, evidence of previous
surgery or the origin of any observed nasal discharge or
reason for cough.44 It is important to document only that
which was inspected and to record findings accurately. Use of
a checklist is best.44

The limitations of the endoscopic examination should 
be made clear to the purchaser. A resting endoscopic 
examination is a static examination. There is therefore an
inherent deficiency in the procedure to detect functional abnor-
malities that only become a problem when the horse is exercis-
ing at maximum intensity and when respiratory airflow is at a
peak. Many of these abnormalities result in an abnormal respi-
ratory noise at exercise. This is one reason why strenuous exer-
cise is mandatory when examining the equine athlete for
purchase. In the event an abnormal respiratory noise is heard
at exercise but the resting examination is normal, videoen-
doscopy during a treadmill exercise test is recommended.45

Conditions that may only be apparent during maximal exercise
could include dynamic collapse of the arytenoid cartilage and
vocal fold, intermittent dorsal displacement of the soft palate,
dynamic collapse of the pharyngeal wall, intermittent epiglot-
tal entrapment, dynamic medial collapse of the aryepiglottic
folds, exercise-induced pulmonary hemorrhage and dynamic
rostral displacement of the palatopharyngeal arch.

Difficulties arise when interpretation of laryngeal function is
required and only a resting examination can be performed.
Typically this occurs when scoping yearling Thoroughbred and
Standardbred race horses at sales. Laryngeal movement can be
variable and a number of grading systems have been used to
evaluate arytenoid abductor function.44,46–48 Regardless of the
system used most veterinarians agree that horses that cannot
achieve full arytenoid abduction after swallowing or nasal
occlusion are at a greater risk for reduced athletic performance
due to dynamic collapse of the arytenoid cartilage and vocal
fold. Indeed, when indices of racing performance were evalu-
ated in Thoroughbred race horses that had endoscopic evalua-
tions at sale as yearlings were reviewed, horses that could not
achieve full arytenoid abduction (grade 3 or 4) had significantly
inferior racing performance compared with those that could.46

Unfortunately, there are ‘gray zones’ and laryngeal abductor
function does not always fit into precise categories. Probably the
best system is that used at auction sales in the United Kingdom
where yearlings are trained to canter at the lunge. Evidence of a
characteristic inspiratory noise at exercise and endoscopic evi-
dence of impaired arytenoid abductor function is required for
the horse to fail the conditions of sale and be returned to the
vendor. An arbitration panel settles disputes. This system has
been shown to be robust and accurate.47 Unfortunately, the lim-
itations of a static examination mean that some animals with
clinically significant respiratory impairment at exercise will be
missed. In addition, some animals with subclinical laryngeal
neuropathy will progress to become clinically affected animals.
Recent evidence suggests that progression of laryngeal neu-
ropathy in non-affected or minimally affected horses may be as

high as 15%. Very importantly, the progression may be rapid
and can occur within weeks of purchase.48

Examination of the
Thoroughbred race horse

Prepurchase examination of the Thoroughbred race horse
includes examination of yearlings at public auction sales,
examination of young race horses (2 and 3 years of age) and
examination of older proven race horses. The aim of the pre-
purchase examination of yearlings is to identify athletic indi-
viduals who have optimal conformation and no evidence of
existing cardiac abnormalities, orthopedic disease (primarily
osteochondrosis), or upper respiratory tract abnormalities.
The aim of the prepurchase examination of young or proven
race horses is similar but the emphasis is on identification of
previous injuries or ‘wear and tear’ that will limit future suc-
cessful performance. Apart from yearlings it is always best to
perform a full five-stage evaluation as described earlier.

Prepurchase examination of yearlings
at public auction sales

It is very important that the examining veterinarian be famil-
iar with the conditions of sale for each sales company. Horses
are auctioned with no warranty for use or soundness other
than certain conditions listed in the conditions of sale.49 The
veterinarian must be familiar with certain diseases/disorders
that if not declared prior to auction and identified after sale
(within a specified time) may render the purchased horse
returnable. These usually pertain to vices (windsucker),
ataxia (wobbler), cryptorchidism, pregnancy and laryngeal
hemiplegia. The process for arbitration of purchases in
dispute is also in the conditions of sale. Drug testing is avail-
able at some sales. Conditions relating to endoscopic and
radiographic examinations need to be carefully understood.
These are printed in the sales catalog.

A description of the horse is not performed but the lot
number (hip sticker) and presented animal should always be
matched to the catalog description to ensure the correct horse is
examined. It is preferable to work only for buyers with whom
you have a relationship and whose requirements you under-
stand. A limited examination is more commonly performed and
accepted by buyers.7 This is because the sales venue is a difficult
environment to appraise animals carefully. Young excited
horses with limited education can be difficult to examine. The
combination of noisy surroundings, many other horses, poor
lighting and crowds of people mean a complete examination is
not possible. The examination generally includes:

● visual examination of the head, neck, body, external geni-
talia, fore- and hindlimbs

● palpation of the head, neck, body, fore- and hindlimbs and
visible abnormality elsewhere on the body that is palpable;
inspection of both eyes with a penlight



● auscultation of the heart (on both sides) and on some
occasions the chest

● examination of conformation, limb movements during
walking and coordination.

The veterinarian should make sure to:

● Carefully inspect the feet and hoof pastern axis. ‘Long
toe–low heel’, weak or collapsed heels, poor-quality hoof,
contracted feet, clubfeet, markedly mismatched feet and
overly small feet are undesirable and predispose to lame-
ness. Horses with varus deformities of any joint seldom
stay sound. Moderate to markedly ‘offset knees’, ‘back 
of the knee’, ‘sickle hocks’ or overly straight hocks may 
predispose to lameness and are undesirable.

● Look for enlarged pasterns, sesamoid bones and flexor
tendons.

● Examine all joints for effusion. Osteochondrosis is sus-
pected until proven otherwise.50 Some mild effusion
within carpal joints appears normal in yearlings and a
variable fat pad in the stifle may mimic stifle effusion.

● Horses that either cannot or have difficulty fully abducting
both arytenoid cartilages are at high risk of performing
poorly. Epiglottal entrapment, persistent dorsal displace-
ment of the soft palate, arytenoid cartilage enlargement
(chondritis), rostral displacement of the soft palate,
subepiglottic cyst, cleft palate and marked hypoplasia of
the epiglottis are all unacceptable conditions of the upper
respiratory tract which will impair athletic performance.
Conditions of sale at each sales venue will determine
whether an animal is returnable or not.

● Radiological lesions, which indicate a risk for future
performance limitations, are listed in Table 62.2.

Examination of the mature horse

The examination procedure for prepurchase examinations of
Thoroughbred race horses is similar to other athletes.
However, certain injuries in Thoroughbred race horses result
in reduced performance or may even prohibit successful ath-
letic performance and are not tolerated as they might be in
other equine athletes. Chronic foot problems, chronic degen-
erative joint disease, subchondral bone injury, sesamoiditis,
tendon/ligamentous injury and dynamic collapse of the ary-
tenoid cartilages are conditions that have a high risk of
reducing athletic performance. Chronic pulmonary hemor-
rhage and small airways disease are also responsible for poor
performance. A recent review highlights foot, fetlock, carpal
and suspensory ligament injuries as the most common ortho-
pedic injury sites resulting in lameness in Throughbred race
horses.51,52 Therefore, the veterinarian should focus on these
areas during the examination procedure.

A buyer’s statement should be completed and the veteri-
narian should discuss in detail with the potential purchaser
what extra examinations are to be performed, e.g. endoscopy,
radiography, ultrasonography, blood/urine tests. It should
also be clear what the expectations for future training and
racing will be. The vendor’s statement should be completed
and a full history of recent training and racing attained.

A full five-stage examination is performed and endoscopy
of the upper respiratory tract and trachea (preferably before
and after exercise) and radiographs of the carpi, fetlocks and
front feet are usually conducted. Other areas are radi-
ographed if the clinical examination determines this would
be beneficial. For stage 3 of the examination the horse should
be sufficiently warmed up and then galloped hard with the
last 600 m in 39–40 seconds. The veterinarian should posi-
tion him/herself so that any abnormal respiratory noise can
be heard. The jockey should be asked to pull the horse up as
quickly as is safe and canter back to the examiner. This is
often the time when noises typical of dorsal displacement of
the soft palate can be heard and as the horse slows and stops
such noises can disappear. The trachea is auscultated for fluid
and the chest is auscultated while the veterinarian listens
carefully for disturbances in heart rhythm and heart sounds.
The nostrils are checked for discharge (blood/mucopus) and
the mouth and lips checked for blood. The horse should have
endoscopy performed as soon as possible and arytenoid func-
tion assessed and any pharyngeal or tracheal discharges
identified and noted. After the horse has been hosed down an
assessment is made of recovery with heart, respiratory rates
and chest sounds noted at approximately 15 min intervals.
The lower limbs are checked for interference injuries. The
veterinarian should make sure of the following points:

● Evaluate conformation as for yearlings but pay close atten-
tion to the feet. Mild conformational flaws especially in the
well-performed horse may have little significance. Con-
formational abnormalities play an important role in career
longevity and they should be viewed with this in mind. It
is interesting to note that a study of conformation of elite
young Thoroughbred race horses and sires showed that in
the forelimbs most horses had mildly offset and valgus
‘knees’, were slightly ‘over the knee’, had slightly broken
back hoof– pastern axes but had little deviation from the
fetlock to the ground (‘toe in or toe out’). In the hindlimbs
being slightly ‘cow hocked’ and being ‘toe out’ was consid-
ered normal.18

● Acquired hoof deformities/injuries such as collapsed
heels, shear heels, wry hooves, bruising and corns, medial-
lateral hoof imbalance, broken hoof–pastern axes, mis-
matched feet, poor shoeing and evidence of previous
episodes of laminitis should be noted.

● Check for muscle asymmetry, especially differences in the
gluteal musculature. Differences in height of the tuber
sacrale if minor and unassociated with pain are often
insignificant. Palpate the croup and back checking for pain
and muscle spasm. ‘Cycle the back’ by inducing flexion and
extension and assess lateral flexibility using a blunt probe
that is run along the epaxial muscles on either side.53

● Look carefully for evidence of joint disease, pain/
enlargement of the proximal sesamoid bones and liga-
mentous/tendinous thickening and sensitivity on pal-
pation. Correlate findings with manipulative tests,
radiographs and ultrasonographic examinations.

● Carefully record all findings and give opinions on current
or future effects on performance in terms of an assessment
of risk.
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Examination of the
Standardbred race horse

When performing prepurchase examination on
Standardbred race horses, the use of the full five-stage exam-
ination is strongly advised. A number of purchasers request
less extensive examinations and while this is appropriate,
stages one and two should be considered a minimum exami-
nation as this allows for a detailed clinical examination and
observation in motion. Beware of examination requests such
as ‘heart and wind only’ or ‘legs and heart’ as use of these
tailormade types of examination allow for omission of impor-
tant observations.

Clinical examination

Conformation

Limb conformational defects of particular importance to
Standardbreds tend to center on the ‘knees’. Pacers with ‘toe
out’ conformation (viewed cranially/caudally when walking)
may be at risk for interference due to knee strike at speed.
Bench or offset knees are often associated with ‘toe out’ con-
formation and can also exacerbate knee strike. Horses with
long pasterns and long toes/low heels are at risk for tendon
injuries.

Skin conditions

Scars or excoriations on the side of the neck can be evidence
of steering difficulties from the use of steering correction
devices such as a pricker or boring pole.

Common injuries

Careful examination of the forelimb suspensory ligaments is
advised as subtle evidence of previous desmitis may only
show as a thickening of the width of the ligament. Non-
weight-bearing palpation of the palmar flexor tendons in the
pastern area may indicate previous ‘low bows’ (tendinitis) in
a similar fashion to suspensory desmitis, as an increase in the
width of the palmar flexor tendons. Any visible medial effu-
sion of the intercarpal joint space warrants a suggestion for
carpal radiography. Curbs (thickening at the plantar aspect of
the tarsus) are common but are rarely of clinical concern.
Partial (uni-cortical) or small midsagittal fractures of the
dorsal first phalanx are common and deep palpation of the
proximal dorsal cortex of P1 should be performed in all four
limbs, particularly the hindlimbs. Any subtle visible bony
thickening of proximo-dorsal P1 should warrant pastern
radiographs. In such cases often only the lateral to medial
projection shows evidence of periosteal disruption and new
bone deposition on the proximal dorsal first phalanx indica-
tive of this fracture. Hoof imbalances become more import-
ant in older Standardbreds; imbalance in younger horses is
correctable and should be advised. Any effusion of the tibio-

tarsal joint would warrant radiographs to look for OCD, most
commonly seen on the distal aspect of the distal intermediate
ridge of the tibia. The interpretation of intermediate ridge
OCD lesions if found is difficult as there is controversy about
their clinical significance especially with respect to perform-
ance. In young, unproven race horses with intermediate
ridge OCD lesions any tibiotarsal effusion may be significant
to future performance while in older proven race horses with
intermediate ridge OCD lesions many can have adequate ‘to
date’ racing performances even in the face of moderate joint
effusion. In a number of horses where routine hock radi-
ographs are taken, intermediate ridge OCD lesions can show
up as incidental findings.

Stage 3 exercise

Horses should be observed working under race condition
where possible (e.g. fast working over 2000 m, coming home
the last 400 m in 28 seconds). Working near race conditions
allows for observation of respiratory noise while working, lis-
tening for knee strike and observing recovery rate post exer-
cise. At the end of the exercise phase is an ideal time for upper
respiratory endoscopic examination if it is to be performed.
Observation of laryngeal function shortly after work allows
evaluation of the larynx while the horse still has an elevated
respiratory effort during recovery and allows checking of the
trachea for blood and mucopurulent discharge, often only
seen post exercise.

Ancillary tests

Electrocardiographic examination

An ECG examination as part of the prepurchase is commonly
requested by Australian buyers primarily for a ‘heart score’
determination. Apart from the numerical heart score and
assessment of T wave changes (so-called ‘heart strain’) the
ECG does not add greatly to the prepurchase examination
and its use is based mainly on purchaser’s request.

Upper airway endoscopic examination

In the absence of someone reliable (bloodstock agent or
prominent driver) having driven the Standardbred race
horse and consequently listened to the horse’s respiratory
noise under raceday conditions first hand, endoscopy is
normally recommended as part of the prepurchase exami-
nation. Whilst laryngeal dysfunction is not as common in
Standardbreds as Thoroughbreds, endoscopic examination
is a reliable screening procedure for such problems. As men-
tioned previously, if a full five-stage examination is per-
formed valuable information can be gained from
examination of the tracheal lumen for blood and mucopus
after exercise (‘hot scoping’). Luminal fluid may not be
evident when examined without exercise (‘cold scoping’). If
a ‘cold’ endoscopic examination is performed (e.g. associ-
ated with a partial stages 1 and 2 examination) this should
be stated in the report.
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Radiography

The majority of Australasian Standardbreds examined prior to
purchase are young, ‘up and coming’ horses with little hard
racing experience. As such it is unusual to find many radi-
ographic abnormalities indicative of chronic ‘wear and tear’.
For this reason recommendations on radiography are generally
based on purchaser request and the personal preference of the
examining veterinarian. It is common to find the presence of
fetlock bony fragments (ununited plantar eminence of the
proximal phalanx, and type I OCD fragments of the
palmar/plantar aspect of the first phalanx),30 especially when
routine hindlimb fetlock radiographs are taken. As with distal
intermediate ridge OCD the interpretation of such fetlock frag-
ments with respect to future performance is very difficult. The
majority of the fetlock fragments are incidental findings and do
not appear to be of clinical significance. Interestingly, routine
multiple joint radiographs are normally associated with the
prepurchase examination of more expensive and often well-
proven Standardbred race horses. The interpretation of any
such fetlock fragments must take into account that these
horses have been performing well in the upper levels of compe-
tition and that it is most likely that these fragments have been
present during their most recent performances and as such
their clinical significance may be questionable. As with all radi-
ographic findings their presence needs to be stated in the radi-
ology report.

Examination of the proven race horse

The prepurchase examination of the older proven race horse
follows the principles outlined above. In line with other
breeds, the examination of proven animals compared with
unproven ones requires special attention to signs and conse-
quences of ‘wear and tear’.

Hoof balance and shoeing abnormalities, e.g. long
toes/low heels, should be looked for, as the chronicity of these
is more important to the older race horse. Deep digital palpa-
tion of the proximal row of carpal bones should be carried
out to check for any withdrawal, which can indicate carpal
disease and warrants radiography, especially skyline views.
Another area deserving of careful deep digital palpation is
the origin of the forelimb suspensory ligaments. Withdrawal
to deep palpation in this area can be indicative of chronic
suspensory origin desmitis. Especially scrutinize this area if
there are any differences to palpation between the two front
legs. Most race horses are worked (stage 3) with knee boots
on and it is worth examining these at the end of the exercise
phase for evidence of brushing or knee strike.

In proven race horses it is more common to undertake
extensive radiographic examinations looking for signs of
disease; knees and front fetlocks are normally requested.

Examination at yearling sales

Compared with Thoroughbreds, Standardbred yearlings tend
to be less well handled and this limits the types of examina-
tions possible at yearling sales. An abridged examination

mostly centered on a basic clinical examination and deter-
mination of conformational defects is carried out. Base nar-
row conformation and toe out forelimb conformation on
walking may predispose to knee strike. Bench/offset knees
and ‘back at the knee’ are also looked upon as important knee
conformational defects. Joint effusion (especially tibiotarsal)
may indicate OCD. As is standard at yearling sales, endoscopy
is often conducted and advised.

Examination of the sport
horse prior to purchase

This section focuses on specific aspects pertaining to the
examination of event horses, showjumpers and dressage
horses prior to purchase. The majority of showjumpers and
dressage horses competing internationally are Warmbloods,
whereas most event horses competing at that level are
Thoroughbreds, frequently ex-race horses. Because these two
types of horses are quite different and present with their own
unique conformational and soundness issues they will be
discussed separately.

Examination of the three-day event
horse prior to purchase

Three-day eventing combines the disciplines of dressage,
showjumping and cross-country, including a steeplechase
and roads and tracks phase. Therefore, the event horse must
primarily be a bold and clever jumper, with plenty of scope
and speed. It is because of this that Thoroughbred horses
tend to excel. However, in today’s competitive environment
speed and braveness alone are no longer enough to succeed at
the top level, and the horse must also have good basic gaits
and a temperament suitable for dressage training, combined
with a careful showjumping technique. Because the horses
compete on extremely variable terrain and footing, three-day
eventing places huge strains on the musculoskeletal system
and horses with poor conformation are especially at risk of
injury. The majority of injuries sustained by top-level event
horses are repetitive strain injuries to soft tissues and joints,
particularly to the superficial digital flexor tendons, and
injuries resulting from direct trauma during the cross-
country phase. Exertional rhabdomyolysis (‘tying up’) is also
a common cause of failure to complete the event.

When examining a potential event horse prior to purchase
it is important to obtain a thorough history pertaining to the
horse’s athletic endeavors up to the point of sale. Most horses
being purchased for eventing are Thoroughbred horses that
have finished their racing careers, and many race horses are
retired from racing due to injury. Therefore, if possible the exact
reason for the horse’s retirement from the track should be
ascertained. Although some race horses are just too slow or are
getting too old to continue racing competitively, many suffer
from some kind of disability that has reduced their racing per-
formance and may also affect their ability to become a top-class
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event horse. Superficial digital flexor tendinitis, dorsal carpal
bone chip fractures and dorsoproximal first phalanx chip frac-
tures are all common causes of lameness in race horses that
may result in their retirement from the racetrack. Similarly, a
poor performer on the racetrack may suffer from respiratory
problems such as left-sided laryngeal hemiplegia (‘roaring’) or
exercise-induced pulmonary hemorrhage (‘bleeding’). The
owner’s statement should include questions that specifically
address these problems; i.e. whether the horse has ever been
lame, whether it has ever bled from the nostrils and whether it
has ever made an abnormal respiratory noise during exercise.
If the horse has already competed as an event horse it is perti-
nent to determine how many events it has actually completed
at what level, and the reasons for not completing events, such
as being withdrawn from a competition due to unsoundness or
exertional rhabdomyolysis.

After establishing a thorough history, a comprehensive
clinical examination should be performed at rest with par-
ticular attention to conformation. Horses with poor foot con-
formation, very upright hoof–pastern axes, and horses that
are back at the knees typically do not stand up well to top-
level competition. In our experience Thoroughbred horses
often have large front feet with flat soles, long toes and under-
run heels. The long-toe, low-heel syndrome in particular
appears to predispose these horses to chronic bruising and
caudal heel pain when jumping large fences on hard ground,
and foot-related lameness is one of the most common causes
of event horses failing to complete the season. Synovial effu-
sion, especially in the carpi and front fetlock joints, and a
decreased range of joint motion with signs of resistance or
pain on flexion should alert the veterinarian to the possibility
of degenerative joint disease subsequent to injury. The digital
flexor tendons and suspensory ligaments should be carefully
palpated for size and evidence of inflammation or pain, and
an ultrasonographic examination of the tendons should be
performed if there is any suspicion of previous injury.
Following completion of the examination at rest the horse
should be assessed while walking and trotting in hand on a
hard, level surface (preferably concrete or asphalt), both
before and immediately after flexion tests of the distal limbs
and carpi in the front limbs, and full limb (spavin) tests in the
hindlimbs. The horse should be ridden at a trot and canter on
both reins in order to assess its paces and temperament, and
if facilities permit the horse should be galloped a sufficient
distance for the veterinarian to observe any abnormal respi-
ratory noise and to evaluate heart rate, sound and rhythm
following exercise. An endoscopic examination of the upper
respiratory tract is usually performed immediately post-
exercise to assess laryngeal function and examine for evi-
dence of exercise-induced pulmonary hemorrhage. Once
cooled off from the gallop the horse should be lunged at the
trot on a 10-meter circle in both directions, preferably on a
hard, level surface, to examine for low-grade lameness
induced by exercise.

Given that many Thoroughbred horses are broken in and
raced at a young age, most purchasers request radiographs to
be taken of the most commonly injured areas, including the
front feet, pastern and fetlock joints, the carpi and the hocks.
Other areas may be subject to radiography if a problem is

determined to exist based on the clinical examination, such as
a painful splint bone exostosis or effusion in a hind fetlock
joint. Commonly observed radiographic changes in
Thoroughbred ex-race horses being examined prior to pur-
chase for eventing include evidence of pedal osteitis and
chronic sesamoiditis, dorsoproximal first phalanx chip frac-
tures, dorsal carpal osteophyte formation and/or chip frac-
tures, and osteophyte formation on the dorsoproximal aspect
of the third metatarsus at the level of the tarso-metatarsal
joint space. Because radiographic evidence of pedal osteitis
and sesamoiditis tends to persist throughout the horse’s life we
feel that they are generally not clinically significant provided
that there is no evidence of ongoing pain or inflammation of
these structures at the time of the examination. Traumatic
chip fractures of the first phalanx and carpus usually result in
the development of degenerative joint disease with ongoing
exercise unless they are removed arthroscopically soon after
forming, therefore they must always be regarded with caution
in horses expected to go on to athletic careers. Osteophyte for-
mation on the dorsoproximal aspect of the third metatarsal
bone seems to occur frequently in young Thoroughbred
horses and can be present at a relatively early age. They are
often bilateral and radiographically appear smooth-edged and
of uniform density. In our experience, provided that the tarso-
metatarsal joint space is uncompromised and well defined,
and the horse exhibits no signs of lameness or abnormal
response to hindlimb flexion tests, this specific radiographic
change has not become clinically significant when the horses
go on to become event horses.

Examination of dressage horses and
showjumpers prior to purchase

A good dressage horse must possess natural balance, ele-
gance and athleticism, as well as power and a trainable mind.
The majority of dressage horses competing internationally
are Warmbloods with a high proportion of Thoroughbred
blood, combining the athleticism of the Thoroughbred with
the trainability of the Warmblood. Through training, the
horse’s center of gravity is shifted caudally by increasing the
degree of flexion and loading of the hindlimbs, thereby
freeing the forehand to create a more airborne, uphill type of
movement. As well as the general increased loading of the
hindlimbs, particularly the hock joints, the lateral move-
ments required by the sport create a unique strain on the
horse’s back and additional twisting stress on the appendicu-
lar joints. Because the training of dressage horses pre-
dominantly involves repetitive exercises designed to maintain
suppleness and increase muscle strength, these horses rarely
suffer from acute traumatic injuries but more commonly
from cumulative wear and tear lesions. This is exacerbated by
the fact that it takes at least 5 years for a horse to be trained
to Grand Prix level and most dressage horses continue to
compete to an advanced age, often as old as 20 years.

As with top-level dressage horses, the majority of suc-
cessful showjumpers are Warmbloods, usually large, well-
balanced, athletic individuals. The showjumper must be
strong enough to jump large fences with precision and care,
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both from a virtual standstill and at speed, and supple
enough to make sharp turns without losing impulsion. The
stresses placed on the musculoskeletal system of elite
showjumpers are huge, especially on the hocks and hindlimb
suspensory apparatus during take-off and on the front feet
and front limb suspensory apparatus at landing. Therefore,
when examining dressage horses and showjumpers prior to
purchase the veterinarian should pay specific attention to the
front feet, pasterns, hocks, and the front and hind suspensory
ligaments. The horse should be evaluated at rest, trotting
freely in hand on a hard surface, and while ridden and lunged
in both directions on a hard as well as a soft surface. It is
important to remember when examining a dressage horse
prior to purchase that a good rider is able to correct and hide
a mild gait irregularity or lameness. Therefore the veterinar-
ian should not just focus on the limbs but also look for
changes such as increased resistance to bending in either
direction or reluctance to accept the bit. It is useful to lunge
the horse after it has been ridden to look for any differences in
the gait that may be attributable to the rider.

Foot conformation is extremely important, as many
Warmbloods have small feet relative to their bodyweight.
Slight differences in the size and shape of the two front feet
are common and not necessarily abnormal. However,
marked asymmetry of the hooves is often an acquired condi-
tion as a consequence of a previous lameness (chronic
under-loading of one foot relative to the other). The horse
should be lunged or ridden in small circles on hard ground in
both directions to exacerbate any low-grade, foot-related
lameness. High suspensory (origin of suspensory) disease in
the front limbs is very common both in dressage horses and
in showjumpers. It results in a mild lameness that is typically
observed most easily when the horse is circling in deep
footing with the affected limb on the outside of the circle.
Although most cases of front limb high suspensory disease
resolve over time with the horse eventually returning to its
previous level of competition, they can be very slow to heal.
Hindlimb proximal suspensory ligament disease is a serious
condition that frequently recurs with work. It tends to be
associated with a straight hock conformation and is exacer-
bated by collection. Lesions of the suspensory body and
branches are also common and are often the cause of retire-
ment for showjumpers. Therefore it is important to carefully
palpate the entire suspensory ligament for evidence of
swelling, pain or inflammation. Digital flexor tendon sheath
enlargement (‘windgalls’) that is bilaterally symmetrical is
usually benign. However, extreme unilateral distension is the
result of chronic inflammation and is often associated with
synovial proliferation and development of adhesions that
may cause lameness. The thoracolumbar region should be
carefully palpated because the back is prone to low-grade
muscular injury and bony abnormalities such as impinge-
ment of the dorsal spinous processes that can cause recur-
rent discomfort. However, asymmetry of the tuber sacrale
(‘hunter’s bumps’) is common in showjumpers and is usually
considered insignificant provided there is no evidence of
lameness, loss of performance or palpable pain in the lumbo-
sacral area.

Because the respiratory requirements for dressage horses
and showjumpers are modest compared with those of three-
day event horses endoscopy may or may not be requested by
the purchaser. Laryngeal hemiplegia is not usually perform-
ance limiting, but the noise produced may be disturbing to
the purchaser especially when the horse’s head and neck are
flexed. Most purchasers do request radiographs to be taken of
the areas most commonly associated with decreased per-
formance, including the front feet, pastern and fetlock joints,
and the hocks.

Radiographs of the front feet and navicular bones do not
correlate well with the presence of clinical signs and should be
interpreted with caution, but certain radiographic lesions are a
cause for concern. For example, in the dorsoproximal-palmar-
odistal oblique (upright pedal) view, up to seven conical nutri-
ent foramina along the distal border of the navicular bone are
considered normal. However, multiple enlarged or misshapen
foramina and large central radiolucent areas (cysts) are almost
always abnormal. Although many horses with mild navicular
pain that are managed appropriately are acceptable for pleas-
ure riding and lower levels of competition, the tendency to
adopt a shortened stride is detrimental in a dressage horse and
the pain associated with landing makes this condition incom-
patible with jumping big jumps. Ossification of the collateral
cartilages (‘sidebones’) is frequently seen, especially in larger,
heavier horses, but is rarely a source of lameness or related to
any clinically significant foot abnormalities. Both front and
hind proximal interphalangeal (pastern) joints often show
slight bony modeling of the dorsoproximal articular margin of
the second phalanx. Although these early radiographic
changes are usually of no clinical significance, they can occa-
sionally progress to proximal interphalangeal degenerative
joint disease (‘ringbone’), especially in horses with short,
upright pasterns. Small, smooth-edged radio-opaque bodies
are often found at the dorsoproximal aspect of the first and
third phalanges in Warmbloods. They are typically not consid-
ered clinically significant provided the joints are clinically
normal and there is no radiographic evidence of degenerative
joint disease. Similarly, small smooth-edged osteophytes on the
dorsoproximal aspect of the third metatarsal bone are fre-
quently present without any compromise in performance.
However, because degenerative joint disease of the distal inter-
tarsal and tarso-metatarsal joints is a common cause of lame-
ness in dressage horses and showjumpers, any associated
radiographic irregularity of the joint spaces and/or positive
clinical response to hindlimb flexion tests should be viewed
with extreme caution in a future performance horse.

Examination of the Western
performance horse prior to
purchase

Western performance horses perform in a wide variety of dis-
ciplines, each of which places unique demands on the horse.



Disciplines to be discussed include: reining and cutting,
roping, barrel racing, and Western pleasure. Close attention
to conformation should be made in all Western performance
horse evaluations. Size of the hoof in relationship to body
size, hoof balance, and hoof/pastern axis should all be closely
evaluated. Abnormalities in these factors may predispose the
horse to navicular syndrome and to degenerative joint
disease of the distal limb joints.54 Upright rear limb confor-
mation may predispose the horse to degenerative joint disease
of the distal limbs and to bone spavin. The distal forelimbs
should be evaluated closely for neurectomy scars, especially
in middle-aged horses, because of the high incidence of heel
pain in these horses.55

The genetic background of horses of the Quarter Horse
breed should be scrutinized for presence of the hyperkalemic
periodic paralysis (HYPP) gene. The American Quarter Horse
Association registration certificate will designate if the horse
has HYPP parentage or other genetic defects such as parrot
mouth or cryptorchidism.56

Reining and cutting horses begin rigorous training as 
2-year-olds to prepare for futurity competitions that begin
during their 3-year-old season. These horses make rapid
starts and stops, and abrupt changes in direction that will
stress many of their musculoskeletal structures. Reining and
cutting horses usually have a short and slight body style that
allows for maximum agility. Areas of concern include: distal
limbs (navicular region, distal interphalangeal and proximal
interphalangeal joints), tarsal region, and stifles. Develop-
mental orthopedic diseases such as osteochondrosis and
flexural deformity must also be ruled out in young horses.
Radiographic evaluations of the distal forelimbs, tarsi 
and stifles are commonly a part of the prepurchase 
examination.57

Roping horses need to make repeated short bursts of rapid
acceleration and rapid stops. They have a more muscled and
substantial body style compared with reining and cutting
horses. Areas of concern on the prepurchase examination
include the distal forelimbs (particularly the navicular region
and the distal joints), and the tarsi. Rear limb tendinitis and
suspensory desmitis commonly occur in this group of horses
and these structures bear close evaluation.57

Barrel racing horses, and horses that compete in Western
performance games (gymkhana), place a premium on short
bursts of speed and the ability to make short-radius, rapid
turns. All the joints from the carpi and tarsi distal need close
evaluation in these horses. Degenerative joint disease,
tendinitis and desmitis occur with high frequency in these
athletes.

Western pleasure horses begin competition as 3-year-olds
so are in training at a young age. These horses work at very
slow walk, trot and canter gaits in the ring. A premium is
placed on a quiet disposition. Overt signs of displeasure by the
horse such as tail wringing or excessive head and mouth
movements are counted against the horse during com-
petition. Areas of concern during prepurchase examination
include the distal forelimbs, tarsi and back. Ring work at slow
gaits predisposes some horses in this discipline to lower back
pain. When possible, Western pleasure horses should be 

evaluated under saddle to determine their responses during
work.
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● prompt departure of foreign horses to their country of usual
residency or next destination could be compromised by:
– an outbreak of disease in the local population or in 

visiting horses
– quarantine standards and management that do not

meet the expectations of the horse’s connections, the
country of origin or country of next destination

– inability to meet requirements for import to next
destination

● horses returning from overseas could introduce disease
into their country of normal residency.

Equine veterinarians in the private sector play an important
role in the preparation of horses for export and in supervision
of the health and welfare of horses during transport to and
temporary residency in foreign countries. To avoid problems
and unnecessary delays, they need to have a sound under-
standing of quarantine and regulatory requirements which
allow horses to move safely between destinations.6–8

International spread of
equine diseases

Economic, biological, political, and
ecological factors

A variety of factors have the potential to affect the global
distribution and occurrence of equine diseases including:9

● international trade in horses and horse semen, the single
most important factor

● changes in international trading policy as a result of
multinational trade agreements

● emergence of previously undescribed pathogens, such as
contagious equine metritis and Hendra virus

● mutation of recognized pathogens and emergence of new
biotypes

● climate-related phenomena such as global warming and
the El Niño–Southern oscillation

The elite athletic horse of today is a global commodity. During
the 1990s, the volume of international movement of horses
by air transport grew dramatically. Horses now travel for a
diverse range of events including racing, dressage, eventing,
show jumping, carriage driving, and endurance riding in an
ever increasing number of countries. Traditionally most
international events involving imported horses have been
located in Europe and North America. New transport pat-
terns are emerging with the advent of new competition
venues in Eastern Europe, South America, the Arabian
Peninsula, Asia, and Africa1 and the development of complex
itineraries by horses visiting multiple countries to compete in
races held within a relatively short period.2

The modern equine athlete can move vast distances
rapidly and complete journeys well within the incubation
period of most infectious diseases. History has shown that
without adequate safeguards this can lead to explosive out-
breaks of disease.3,4 The increased volume of horse move-
ment in a changing world trading environment poses
significant quarantine challenges to regulatory authorities,
who must exclude foreign diseases from their countries
without undue restriction to international trade.1,5

Governments and national authorities conducting inter-
national competitions have understandable concerns that:

● horses imported for a competition could bring in disease to
the local population

● disease could occur in foreign horses due to exposure to a
disease in the local horses

● a disease outbreak could result in cancellation of an impor-
tant international event, especially if all horses (visiting and
local) are held within the same competition venue

International movement of
athletic horses – quarantine and
regulatory controls
Patricia M. Ellis and Keith L. Watkins
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● migration of reservoir and amplifying hosts such as birds
and bats

● wind-blown carriage of insect vectors
● inadvertent introduction of exotic vectors such as ticks

and mosquitos
● contamination or incomplete inactivation of vaccines
● deliberate, illegal introduction of a foreign disease, e.g.

bioterrorism.

Changes in agricultural practices can indirectly influence the
distribution of arboviruses by favoring the expansion of
vector habitats.10 For example, increases in irrigated rice 
production and expansion of the pig breeding industry are
thought to have contributed to expansion of the geographic
range of Japanese encephalitis in the Asian region.

Disease and horse-related factors

Potential for disease spread by international movement is
influenced by the epidemiology of the disease, the intended
use of horses, and whether horses are imported on a tempo-
rary or permanent basis.

The equine diseases most likely to be transferred by uncon-
trolled international movement are those characterized by an
asymptomatic carrier state (e.g. equine infectious anemia,
piroplasmosis, contagious equine metritis, equine viral
arteritis, and dourine). The potential for their transfer is obvi-
ously greater if horses are imported on a permanent basis.9

The last three diseases are transmitted by the venereal route.
Horses imported on a temporary basis for competition or

performance pose little risk of introducing diseases spread by
the venereal route if they are prohibited from breeding
during temporary residency. Likewise, if the arthropod
vectors of a disease are not present in a country, temporary
import of horses that would be otherwise ineligible (e.g.
horses testing positive for piroplasmosis) under controlled
conditions presents a much lower risk than horses imported
on a permanent basis and released into the national herd.11

In the latter case potential for iatrogenic spread by contami-
nated needles would be possible.

Horses imported to a country on a permanent basis pose a
far greater threat of introducing disease than horses
imported for a short-term stay under appropriate conditions
of management. Competition horses imported for major
races and events are registered animals, travel on passports,
and have a known residency, vaccination, and disease-testing
history. They are kept under constant veterinary supervision
before, during and after the event. During their brief resi-
dence, visiting horses have only limited exposure to the local
horse population and are not used for breeding.1,11

Country factors

Evaluation of country factors, such as veterinary services,
horse industry structure, disease control legislation, labora-
tory testing capacity, surveillance programs, zoning and
border controls, are important inputs for assessing the likeli-

hood of hazards being present in the horse population of an
exporting country. Reliable and transparent information
about the health status of a country’s horses is critical for safe
international movement.12

Impact of exotic disease outbreaks

An exotic disease outbreak can have a profound effect on 
the horse industry in an affected country and cause serious
economic loss and disruption to normal activity.

Horses now travel from one hemisphere to another by air
transport and complete their journeys within the incubation
period of most major diseases. Spread of equine influenza, 
in particular, has increased since the introduction of air
transport. In the past 20 years, the introduction of imported
horses to susceptible indigenous populations has been
responsible for explosive outbreaks of equine influenza in
South Africa (1986), India (1987), Jamaica (1989), Hong
Kong (1992), United Arab Emirates (1995/1996), Puerto
Rico (1997), and Philippines (1997).3,4,9,13

Equine influenza was introduced to a naïve, unvaccinated
South African horse population by imported horses from USA
in December 1986. It spread throughout the country within
a week. The explosive spread was aided by road transport
from the north of the country to the south (with infected
horses being offloaded at points in between), lack of an all-in,
all-out postarrival quarantine policy and poor hygiene by
transport operators, horse trainers, and veterinarians. Move-
ment of horses by concerned owners from a show jumping
competition that was cancelled because of horse illness 
also contributed. The impact of the outbreak included exten-
sive losses of State revenue due to cancellation of race 
meetings and subsequent loss of wagering taxes. Normal
racing schedules were only resumed in May 1987, yearling
sales were delayed and many other major equestrian horse
events were canceled or had to be rescheduled. The horse
industry also incurred significant costs arising from veteri-
nary treatment of sick horses and the costs of compulsory
vaccination.3

Hong Kong suffered a similar fate in November and
December 1992 when an outbreak of equine influenza,
introduced by imported horses from UK or Ireland, led to a
suspension of racing for 1 month. The outbreak resulted in
the cancelation of seven race meetings, including an inter-
national event, with a potential loss of total betting turnover
of nearly US$1 billion, over 15% of which would have been
returned to the Hong Kong community by way of tax, duty,
and donations.4,14

It is ironic that the disease which has had the most pro-
found effect on horse movement in the new millennium is
foot and mouth disease (FMD), a disease that does not infect
horses. The outbreak of FMD in the UK in 2001 had a devas-
tating effect on the horse and tourism industries, as well as on
the farming community. Estimated horse industry losses
reached £100 million per month in the first 3 months of the
outbreak and the majority of horse-related sporting events
were cancelled.15
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International regulatory
framework

The World Trade Organization

The World Trade Organization (WTO) is the body responsible
for implementing international agreements resulting from
the Uruguay Round of multilateral trade negotiations. In
January 1995, the framework for international trade
changed significantly when the WTO Agreement on the
Application of Sanitary and Phytosanitary Measures (the
SPS Agreement)16 came into force. Sanitary measures relate
to human and animal health and phytosanitary measures
relate to plant health.

The intent of the SPS Agreement is to minimize the nega-
tive effects of unjustified and unscientific health barriers on
international trade. It requires WTO Member Countries to
develop harmonized measures to protect human, animal,
and plant life and health based on international standards,
guidelines, or recommendations, primarily those developed
by the Office Internationale Epizooties (OIE). Countries can
adopt animal health measures more stringent than OIE stan-
dards if they can demonstrate a scientific need, which in
practice means that quarantine conditions in excess of
OIE standards should be based on a risk analysis. The SPS
Agreement also promotes recognition of the concept of
disease-free zones and regions within countries.16–18

Some authors17,18 have noted that the SPS Agreement
does not apply to international movement of competition
horses as these movements are not considered ‘trade’. The
situation has been clarified by Sluyter.1 Movement of horses
or equine products after sale falls under the SPS Agreement.
Movement of competition or breeding horses, although not
considered as ‘trade’, also falls within the SPS Agreement if a
concurrent risk of disease is involved.

Office Internationale des Epizooties

The OIE is the world organization for animal health based in
Paris and was created in 1924 to address international spread of
animal diseases at a time when rinderpest was a major concern
in Europe. In May 2001 the number of OIE Member Countries
totaled 158, each with one vote and one delegate to the
International Committee (the decision-making body).19

A major objective of the OIE is to facilitate international
trade in animals and their products by setting guidelines and
standards. Historically, its primary function has been to
provide Member Countries with information about the pre-
valence, incidence, and distribution of serious animal
diseases which endanger livestock or public health.18

Information is sent out immediately or periodically depend-
ing on whether the disease is categorized as List A or List B (see
below). Each Member Country undertakes to report important
infectious diseases detected within its jurisdiction. The OIE then
alerts other countries so rapid action can be taken if needed. In

addition, the OIE collects and analyses scientific and technical
information on animal diseases. The OIE makes this available to
assist Member Countries to improve disease prevention, diag-
nosis and control, and provides technical support and expertise
when requested.19

Classification and reporting of diseases

Diseases recognized internationally as being of significant
importance to trade in animals are defined by the OIE as List
A diseases. These are diseases that can spread very rapidly,
irrespective of national borders, and that have serious socio-
economic or public health consequences. African horse sick-
ness (AHS) and vesicular stomatitis are the important List A
diseases that affect horses. OIE Member Countries are obliged
to report outbreaks of these diseases to the OIE within 24 h of
occurrence or reoccurrence and to supply monthly situation
reports on their presence or absence.

OIE also defines a second group of diseases (List B dis-
eases), which are considered to be of socioeconomic or public
health importance within infected countries and are
significant in international trade. List B diseases of equines
include contagious equine metritis, dourine, epizootic lym-
phangitis, equine encephalomyelitis, equine infectious
anemia, equine influenza, equine piroplasmosis, equine
rhinopneumonitis, equine viral arteritis, glanders, horse pox,
Japanese encephalitis, mange, and Venezuelan equine
encephalomyelitis (VEE). List B diseases must be notified to
the OIE within 24 h if they occur in a country for the first
time and thereafter on an annual basis.

The Food and Agriculture Organization defines a third
group of List C diseases as being significant at local level and
countries report these annually. List C diseases of horses
include equine coital exanthema, melioidosis, Salmonella
abortus equi, strangles, ulcerative lymphangitis, and warble
fly myiasis.20

In addition, each country maintains a schedule of diseases
notifiable under its animal health legislation, drawn from the
above lists, which have to be reported within specified periods.
Because some important diseases are not universally
notifiable, the Thoroughbred industry has developed its own
international reporting system through the International
Thoroughbred Breeders Meeting. Quarterly disease reports
are submitted to a collating center at the Animal Health
Trust, Newmarket, UK, and distributed to 20 participating
countries.21

OIE international health standards

Since the formation of the WTO, the OIE has assumed
significant importance in international trade as the reference
organization for the WTO on animal disease issues and trade
disputes. International standards developed by the OIE are
now recognized by the WTO as reference international sani-
tary rules and can thus be used legitimately as a basis for
import restrictions without constituting unjustified barriers
to trade.17–19
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OIE international health standards relevant to the inter-
national movement of horses are the International Animal
Health Code and the Manual of Standards for Vaccines and
Diagnostic Tests.

OIE International Animal Health Code

The OIE International Animal Health Code22 is an essential
reference for any official veterinarian involved in inter-
national trade. It is periodically updated and available 
online.

Part 1 contains general provisions relating to:

● general definitions and notification of animal diseases
● obligations and ethics in international trade
● import risk analysis
● import/export procedures
● risk analysis for biologicals for veterinary use.

Part 2 contains chapters for each OIE List A and List B disease
and recommended wording for international veterinary
certification relating to that disease. Criteria are presented
which countries or zones must satisfy to be recognized as free
from African horse sickness, equine influenza, dourine, glan-
ders, and VEE.

Part 3 contains appendices to the Code. Sections relevant
to the international movement of horses include:

● prescribed and alternative diagnostic tests for interna-
tional trade purposes

● health controls and hygiene in establishments
● disinfection and disinsection procedures
● transport of animals.

Part 4 contains:

● a model international veterinary certificate for equines to
promote international harmonization of veterinary
certification

● a model passport for international movement of com-
petition horses.

OIE Manual of Standards for
Diagnostic Tests and Vaccines

The OIE Manual of Standards for Diagnostic Tests and
Vaccines23 is a companion volume to the Code and is also
available online. The purpose of the Manual is to foster har-
monization of diagnostic methods for OIE listed diseases 
and other diseases of importance to international trade.
Standards are described for laboratory diagnostic tests and for
the production of veterinary vaccines. Specific chapters cover
each of the diseases listed in the OIE International Animal
Health Code. Each disease chapter includes a well-referenced
summary intended to provide information for veterinary
officials and other readers who need a general overview of
the tests and vaccines available for each disease. This is fol-
lowed by a text giving greater detail for laboratory workers.
The Manual also includes a list of OIE Reference Laboratories

which have been designated by the OIE as centers of
excellence in their particular field.

Import risk analysis

Risk analysis is a valuable tool for decision making that 
can assist global movement of horses and open up new
markets without compromising the health status of import-
ing countries.24

As mentioned earlier in this review, WTO Member Countries
are encouraged to base quarantine conditions (SPS measures)
on international standards, guidelines, and recommendations
or on a scientific assessment of risk. The OIE International
Health Code22 is the international standard referenced in the
SPS Agreement and contains guidelines and principles for the
conduct of import risk analyses in Chapter 1.3.

The components of risk analysis are hazard identification,
risk assessment, risk management, and risk communication.
Briefly, the procedure should be science based and involves
consideration and documentation of:

● potential exotic agents and pests of concern (hazards) that
could be introduced by imported horses

● how exotic agents might be introduced into a country or
zone by imported horses

● how horses in the importing country might be exposed to
exotic agents thus introduced

● adverse health or environmental consequences resulting
from exposure of domestic horses to such exotic agents

● how identified risks can be best managed to protect the
domestic horse population without having an unjustified
effect on trade.

Risk communication involves exchange of information and
opinions with potentially affected and interested parties at all
stages of the process.

Risk analysis has already proved its value in overcoming
potential barriers to the international movement of competi-
tion horses testing positive for piroplasmosis. Government
authorities in USA used risk analysis as a decision-making tool
when considering import of horses for the 1996 Olympic
Games.24,25 Australia also amended its quarantine conditions
to permit temporary importation of horses serologically posi-
tive for equine piroplasmosis following a detailed import risk
analysis. Previous conditions banned the import of seropositive
horses. The amendments were prompted by and of particular
relevance to the Sydney 2000 Olympic Games. Under certain
scientifically based restrictions, seropositive horses were
allowed to enter Australia on a temporary basis.26 This allowed
horses that otherwise would have been ineligible to travel to
Australia to compete in all three equestrian disciplines at the
Sydney 2000 Olympic Games.1 The important legacy of this
risk analysis for Australia is that it also applies to future impor-
tations for other equine sports including racing.

A comprehensive risk analysis of disease risks associated
with import of live horses has been completed by the Ministry
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of Agriculture and Forestry, New Zealand in 2000 and was
used as a basis for review of import standards.11 The analysis
includes a section relating to the temporary import of horses
for racing and sporting events and recommended measures
for their management.

Structured risk analysis, in compliance with OIE princi-
ples, provides countries importing horses with an objective
and defensible method to assess risks associated with impor-
tation and to determine how those risks may be managed.
Transparency is important. Exporting countries must be 
provided with clear and documented scientific reasons if
import restrictions are imposed or if importation is refused.22

Transparent decisions also assure local horse industry 
organizations and other interested parties that all po-
tential risks have been evaluated and are being managed
appropriately.

Regionalization

Regionalization and risk analysis are closely related.24

Traditionally, the distribution of animal diseases has been
viewed on a country-by-country basis, with the presence or
absence of a particular disease anywhere within a country’s
borders serving to establish the status of the entire country.
This conservative approach fostered an all-or-nothing stan-
dard of risk avoidance in quarantine policy development that
precluded consideration of factors such as disease-free zones
or regions within a country.

The contemporary approach endorsed by the OIE recog-
nizes that there are gradations in disease risk, more often tied
to climatological, geographical and biological factors and to
husbandry systems than to national political boundaries. If a
disease is contained within a defined zone, then export of
horses from disease-free areas elsewhere in the country
should not be affected. OIE guidelines relating to zoning and
regionalization can be found in Chapter 1.3.4 of the OIE
International Animal Health Code.22

Application of the concept to horse diseases was first
prompted by outbreaks of AHS in previously free areas of
Spain and Portugal in the years leading up to the 1992
Olympic Games in Barcelona. International movement con-
trols relating to AHS were reviewed by the European
Commission and the OIE. The OIE International Animal
Health Code was amended to provide for regionalization in
respect of AHS.27 Countries allowed horses to enter Spain on
a temporary basis to compete in equestrian events at the
Games despite the existence of an AHS-infected area in the
south of Spain.24

Regionalization is a valuable tool of trade for countries
with significant endemic diseases of trade concern. South
Africa’s regionalization of AHS enabled resumption of export
of horses to member states of the European Union and a
number of other countries thus overcoming trade bans that
had been in place for nearly 40 years. Recognition of the
Cape Peninsula of the Western Cape Province as an AHS-free
area was accepted by the EU (Commission Decision
97/10/EC) based on, inter alia:28

● the absence of clinical disease in the south-western part of
the Western Cape Province of South Africa

● serological studies showing that AHS was not present in
the area

● separation of this area by substantial geographic barriers
from those parts of South Africa where AHS occurs 
annually

● strict movement controls to ensure that AHS is not intro-
duced into the free area

● appropriate risk reduction measures for exported horses
including minimum residency periods in the AHS-free
area, quarantine in vector-protected premises, vaccination
and pre-export testing

● ongoing surveillance in the free area and adjacent surveil-
lance zone, including monthly blood testing of sentinel
horses and autopsy of horses to exclude AHS as the cause
of death.

Role and responsibilities of government
officials, shipping agents, and
veterinarians

Government officials, private practitioners, and shipping
agents all share responsibility for moving horses between
countries and must communicate openly and frequently
during the shipping process to avoid difficulties and delays.8

Government officials

The chief concerns for the veterinary authorities of any
country hosting an international event are potential for
spread of disease, animal welfare considerations, and trade
facilitation.14

Governments in importing countries have a primary
responsibility to control the entry of foreign horses to protect
the national horse population from exotic diseases. At the
same time, they have to satisfy international obligations and
facilitate trade. The importing country establishes import
health requirements for horses by negotiation with their
foreign counterparts, taking into account the disease status
of the exporting and importing country and relevant inter-
national standards.5,8,9

An import permit may have to be obtained in advance of
shipment for each consignment of horses. Often import con-
ditions are attached to this permit. Import permits are used to
ensure that only agreed and current conditions are used in
trade, advance notice is given of consignments and that
quarantine space is available for incoming horses (when
appropriate).

The government of an exporting country is expected to act
as the official independent agent of the importing country
and is responsible for supplying or endorsing accurate official
veterinary certification which satisfies all the health require-
ments of the importing country. If a problem arises with a
shipment, officials in the exporting country cannot uni-
laterally alter agreed health conditions but must seek a
dispensation from the country of destination.
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Often shipments of horses transit other countries en route
to their final destination. Governments in countries of transit
may require that a transit permit be obtained in advance
and/or that horses passing through meet the import require-
ments of the transit country in case a prolonged delay occurs
due to mechanical failure of an aircraft.

Shipping agents

International transport of horses requires adequate lead 
time and considerable forward planning. Veterinarians
approached for advice should recommend that clients engage
a reputable and experienced shipping agent as the first step in
commencing preparations for any international journey6,7 as
the key to success is often the competency of the shipping
agent involved.8

A shipping agent acts as a representative of the owner and
coordinates all facets of the shipping process from origin to
destination. Shipping agents identify the most suitable and
quickest route, prepare a travel plan, obtain all necessary
permits and documentation, book road transport and air
cargo space, liaise with airlines, provide shipping containers
that conform to airline and welfare standards, and supervise
loading. They also interact with the quarantine and customs
authorities of the countries of origin and destination and
coordinate arrangements for and timing of any pre-export
quarantine, premises certification, veterinary examinations,
testing and vaccination necessary for the completion of the
official export health certification. Agents may also supply
experienced attendants to escort horses during the journey.29

Enquiries should also be made in advance about quar-
antine policy in the country of destination relating to 
the import of tack, horse feed, supplements and veterinary
medications.30

An additional consideration, which is sometimes over-
looked, is that quarantine protocols for return of horses to
their country of normal residency should be investigated
before horses depart to establish whether that country
imposes any special conditions on the management of horses
during temporary residency in a foreign country. For
instance, to return directly within a specified time period
without additional testing, traveling horses may have to be
isolated from other horses during a temporary absence.30

Equine veterinarians

In many countries, veterinarians in the private sector play a
major role in preparing horses for export. Their duties may
include:

● collecting blood samples for laboratory testing
● conducting or supervising pre-export treatments and 

vaccinations
● providing certification about the health status of horses

and the premises from which they originate.

Veterinarians engaged by clients or accredited by govern-
ments to perform export duties need to work closely with
quarantine authorities and shipping agents. Contact must be

made with government animal health officials at an early
stage to obtain or confirm the current import requirements
for the country of destination. The veterinarian must under-
stand and fulfill these requirements exactly.8 Responsibilities
include:

● being accredited for export duties (if appropriate)
● accurate completion of entries in horse passports and on

other identification documents
● recording horse markings accurately by actual inspection

of horses (rather than by copying other documents)
● confirming and recording the identity of each horse at the

time of conducting any procedure so that any certification
can be definitively linked to the animal

● collecting and submitting blood samples, performing
inspections and administering vaccinations or treatments
within the specified timeframes

● labeling samples clearly and accurately
● transporting samples to the laboratory using correct tech-

niques and appropriate storage conditions
● submitting samples to approved laboratories
● requesting the tests specified in the import conditions
● providing conscientious certification about the health

status of horses and premises.

Honest, accurate and reliable veterinary certification is the
cornerstone of international movement.31 Any certification
provided must be completed carefully and conscientiously
and match the requirements of the importing country pre-
cisely. Even if some of the requirements appear unreasonable
and raise difficulties for the client, the certifying veterinarian
must ensure these requirements are met or contact a govern-
ment official for guidance on interpretation of the wording.
Conflict of interest should be avoided and integrity of
certification must not be compromised because of commer-
cial pressures.

Misleading, inaccurate or false certification reflects
adversely on the signing veterinarian and affects the reputa-
tion of the veterinary profession and government animal
health services, nationally and internationally. Such cer-
tificates may result in loss of trade, spread of disease,
financial loss to clients and exporters and litigation.32

A document entitled The 12 Principles of Certification was
produced by the British Veterinary Association, UK Ministry
of Agriculture, Fisheries and Food and the Royal College of
Veterinary Surgeons in 1994.31 A chapter on certification
procedures is also included in the OIE International Health
Code.22 Both documents are recommended to veterinarians
involved in the preparation or certification of animals for
export as useful guides to their ethical obligations and
responsibilities.

Before departure, private veterinarians traveling inter-
nationally with horses should also check whether the
country of destination places any restrictions on import of
veterinary medications and equipment or has any special
registration requirements relating to veterinary practice by
foreign veterinarians.

Equine practitioners attending recently imported horses in
quarantine stations should pay close attention to personal
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hygiene and comply with any operating procedures specified
by quarantine management. They should be aware that a vet-
erinarian was, in part, responsible for the quarantine break-
down that led to the disastrous South African equine
influenza epidemic in 1986.3

Welfare legislation and standards

Welfare legislation governing international movement of
horses by road and air varies from country to country. The
International Air Transport Association (IATA) publishes
Live Animal Regulations (LAR)33 annually, which set standards
for the safe and humane transport of animals by commercial
airlines. The LAR contain useful information about the
responsibilities of carriers and shippers, stocking density
guidelines for horses, optimum temperature ranges, con-
tainer standards, and specific handling procedures for horses
transported by air. The LAR recommend that one competent
groom be provided for each pallet of horses being shipped or,
if more than four pallets are carried on the same flight, that
the appropriate number of grooms (beyond four) be deter-
mined by the carrier in agreement with the shipper.

Generic recommendations for the transport of animals are
presented in Chapter 1.4.1. of the OIE International Animal
Health Code.22 The Code notes that the IATA LAR are
approved by the OIE and recommends their adoption. An
increasing number of countries, including member states of
the European Union, have formally adopted the guidelines
and incorporated their provisions into legislation.

Role of horse industry organizations

For maximum efficiency, measures to prevent international
spread of equine diseases require industry participation and
support5 in addition to the efforts of government veterinary
authorities. At international level, the umbrella bodies of the
various sporting disciplines play an important role in setting
international standards for the protection of the health and
welfare of horses relevant to particular disciplines. The 
host nation of an international event has a responsibility 
to provide facilities and supervision that meet these
standards.

When preparing for an international event, close and con-
tinued liaison between horse industry and quarantine
officials is required from an early stage to negotiate and
resolve the many quarantine issues that may arise.14,30

In some instances, the host organization may provide and
manage quarantine facilities.14 Convenient access to good
training facilities is critical for the successful participation of
foreign horses. If a country that quarantines or isolates
imported horses after arrival wishes to host an international
event, the responsibility for establishing an approved quaran-
tine facility for foreign horses often rests with the organiza-
tion conducting that event. Most government-operated
quarantine premises do not have easy access to adequate
training facilities where imported horses can maintain com-
petitive fitness in isolation.30

Horse industry organizations also play an important role
in the regulation and control of international movement of
athletic horses by issuing horse passports and by setting
mandatory vaccination standards to protect the health of vis-
iting and local horses against diseases such as equine
influenza and Japanese encephalitis.

Passports

The use of passports to assist the movement of competition
horses across national boundaries is well established.
Internationally accepted passports must meet certain criteria
set by the OIE, international horse authorities and, in Europe,
by the EU.1

Passports are intended to serve as a unique identification
document containing harmonized information about vacci-
nations and results of laboratory tests. They are issued by the
relevant national horse industry organization of the country
in which the horse is registered and should accompany a
horse at all times. In some countries this is a legislative
requirement. For instance, in the European Union all regis-
tered horses must have an accompanying passport during
transportation.1

Vaccinations

In many jurisdictions, vaccination against equine influenza is
compulsory for horses entering competitions or races and the
vaccination status of all horses is regularly checked by horse
industry officials.

It is important to establish before a horse departs on an inter-
national journey if local or foreign quarantine authorities
impose any special requirements additional to or different from
those known to apply to a specific discipline. For instance,
because Australia is free from equine influenza, vaccination
requirements for importation of horses to Australia are more
stringent than those routinely required by racing authorities in
Europe.30 Likewise, in some instances, sporting authorities con-
ducting events in certain Asian countries require vaccination
against Japanese encephalitis to protect visiting horses. The
recent advent of nasal vaccines for equine influenza may lead to
changes in current international requirements (Roland Devolz,
personal communication).

Vaccination requirements can vary from country to country
and between disciplines and hence will not be detailed in this
review. The main point for veterinarians is that the vaccination
requirements of quarantine authorities and sporting organiza-
tions for each consignment should be established well in
advance of the proposed date of horse departure. The time
frames specified by quarantine authorities for courses of vacci-
nation are not arbitrary and must be respected.

Racing authorities

The International Federation of Horseracing Authorities
(IFHA) is an umbrella body for the world’s Thoroughbred
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racing authorities. The organization has developed an
International Agreement on Breeding and Racing (IABR).34

The general aim of the IABR is to protect the integrity of
racing, thus leading to improvement of the Thoroughbred
breed, enhanced welfare of trainers, riders and horses and,
confidence of owners and the public in the sport. The IABR
consists of a series of recommended international guidelines
which are agreed and endorsed (in whole or in part) by
national racing authorities and carried forward into their own
rules for racing and breeding. Of particular interest to veteri-
narians are Article 6 of the IABR, which contains the template
definition of a prohibited substance, and Articles 22 to 25,
which relate to the control of infectious diseases and manage-
ment of foreign race horses. Articles 22 to 25 contain general
recommendations relating to passports, hygiene of transport
vehicles and establishments, treatment procedures, veterinary
inspections, vaccinations, health certificates, and exchange of
information about equine disease outbreaks.

The IFHA has established a Permanent Liaison Commit-
tee on the International Movement of Horses (PLCIMH) to
improve communication between countries conducting
international races and to make recommendations about
health issues that restrict trade. Significant expansion of
international racing in recent years has resulted in logistical
problems when horses compete in multiple countries within
a short period of time before returning to their country of
usual residency. Quarantine protocols vary from country to
country and are usually developed to cater for direct move-
ment to and from a specified country for competition.
Complex itineraries cause logistical complications for racing
authorities, government animal health services, connections
of horses and shipping agents. Problems arise from variations
between countries in quarantine requirements relating to
health certification, minimum residency periods, testing, vac-
cination, housing and training during temporary residency
and periods of quarantine or isolation.2

To address these problems and foster cooperation and
international harmonization of health requirements, the
PLCIMH has recently developed detailed guidelines to facili-
tate the safe movement of registered race horses competing
on an international circuit with specific reference to testing,
vaccination, certification, quarantine/isolation facilities and
training of horses. The guidelines were presented to IFHA for
consideration, comment and approval at its 36th Conference
in Paris on 7 October 2002 and were adopted for use 
as a basis for discussion by IFHA member countries with 
their government veterinary authorities. The Guidelines 
to Facilitate the Temporary Movement of Registered Race-
horses for International Races will be available online at
www.horseracingintfed.com. It is anticipated that the guide-
lines will be reviewed and updated regularly and that IFHA
will work closely with the OIE to ensure that guidelines are
based on sound scientific principles.2

Passports have been used for the identification of
Thoroughbred horses for many years. Passports have to be
inspected and endorsed for foreign travel by racing authori-
ties before each exportation and subsequently before the
horse runs in a foreign country. Internationally, stud books

are now moving toward an electronic identification system
that incorporates DNA parentage verification and horse
markings, and which also uses the number of an implanted
microchip to create a unique passport number and interna-
tional life number for the horse. Passport details of incoming
horses can be down-loaded by registration authorities from 
the internet, thus speeding clearance procedures between
countries.35

Federation Equestre Internationale

The Federation Equestre Internationale (FEI) is the interna-
tional governing body of equestrian sport recognized by the
International Olympic Committee and is responsible for inter-
national administration of equestrian events in the disci-
plines of show jumping, dressage, eventing, driving, vaulting,
reining, and endurance riding. National Federations adminis-
ter these disciplines at national level.36,37

The FEI has developed comprehensive rules and regula-
tions to govern the above sports. Of particular relevance to
equine veterinarians are the FEI Veterinary Regulations,38

which protect the health and welfare of horses competing in
international events under FEI control. The Veterinary
Regulations cover, inter alia, the duties of veterinarians,
health and hygiene requirements and responsibilities, pass-
port control, examinations and inspections of horses during
events, control of prohibited substances and treatment of
horses while under FEI control.

Horses are identified by a written description and a
diagram in FEI passports. Only veterinarians approved by a
National Federation are authorized to complete this page and
the description must be completed in accordance with the FEI
Manual on Identification of Horses.39 The vaccination
section of the passport must be endorsed by a veterinarian
and demonstrate that the horse has received a full course of
equine influenza vaccinations in accordance with the
requirements of FEI Veterinary Regulations.38

The FEI collaborates closely with the OIE and has played
an important role in negotiating expanded international
movement of horses for competition in the Olympic disci-
plines,36,37 a legacy which is of benefit to athletic horses of all
breeds.

Overview of quarantine
controls of major equine
sporting nations

There are various internationally accepted risk management
strategies that quarantine authorities use to reduce disease
risks associated with importation of horses.14 Individually,
each may not be perfect but, when used in combination,
these measures can reduce the probability of importing an
infected horse to a very low level, regardless of the starting
probability. The combinations adopted vary from country 
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to country depending on the country’s health status and
quarantine policy.

Certification of origin from a 
disease-free source

The risk of introducing a disease agent can be reduced by sourc-
ing horses from a disease-free country, region, zone, or premises.
Alternatively, horses from an infected area may be required to be
resident in an area free of the disease of concern for a specified
period prior to export, a period long enough for that disease to
be obvious if the horse is infected. Reliable and transparent
information about the government veterinary services and
disease surveillance programs in the country of export is
obviously critical to the value of this strategy.

Separation

Separation of horses from other potentially infected horses
(before export) and from susceptible horses (for a period after
import) reduces the risk of disease transmission and the likeli-
hood that infected horses will remain undetected. It also pro-
vides an opportunity for observation, diagnosis, and treatment
(if appropriate) before imported horses are permitted to contact
the domestic population. The risk of importing infected horses
or releasing infected horses after arrival is thus reduced even
further.

If suitable training and stabling facilities are available, sep-
aration need not disadvantage horses visiting for com-
petition. At international race meetings in Asia14 and
Australia,30 temporary equine imports are isolated from resi-
dent horses and horses from countries not of equivalent
health status except at the time of racing.

Separation from the host population and, if there are
significant variations in health status, separation of temporary
residents by region, ensures the success of international com-
petitions. It is recommended as best health practice to prevent
the spread of infectious diseases and also protects the health
status of visiting horses, thus assisting their prompt and
uneventful departure to their next destination.

Satisfactory arrangements to separate visiting horses from
the domestic population can also give foreign animal health
authorities confidence that their horses can visit safely even
in the face of a local disease incident. For example, prompt
action by racing and animal health officials in USA salvaged
European participation in an international race meeting at
Arlington International Racecourse when an outbreak of
equine viral arteritis occurred there in 1993.40

Diagnostic testing

Testing may be used to identify infected horses before or after
export. The value of diagnostic tests in risk reduction depends
on the availability and use of standardized tests of high sen-
sitivity, the ability of a test to identify infected horses cor-
rectly. For example, a serological test may have a sensitivity of

99% in individual infected horses. Thus the probability of
missing the disease when testing a single infected horse is 1%.

For import purposes, the negative predictive value of a test,
the probability that a horse is not infected when a test result
gives a negative result, is of paramount importance. Predictive
values vary markedly according to the disease prevalence in the
population from which the tested horse was drawn. As disease
prevalence decreases, negative predictive value increases.41

Reliable and transparent information about the prevalence of
disease in the country of origin is critical for interpretation of
test results.

When test results vary between different laboratories in
different countries, trade problems can ensue.9,42 Official
approval of laboratories, adoption of OIE prescribed tests for
international trade and use of the testing standards detailed
in the OIE Manual of Standards for Vaccines and Diagnostic
Tests23 minimizes such problems.9

Rapid diagnostic tests are becoming more widely available
and the Directigen FLU-A enzyme immunoassay43 has been
extensively and effectively utilized for both screening and
diagnostic purposes of horses for the equine influenza virus
both pre- and postimport in many countries since 1993.

Vaccination

Vaccination against specific disease agents such as Japanese
encephalitis can reduce the risk of disease in horses sourced
from or imported into an infected region. For other diseases,
for example equine influenza, vaccination is of limited value
as a risk management option. Equine influenza vaccination
can prevent overt disease but a horse can still be infected and
shedding virus at the time of import.4,13,14

Treatment

Treatment can be used to reduce the risk of importation of
exotic parasites such as ticks. Insecticides may be applied to
horses to minimize exposure to insect vectors during training
sessions30 and transport. Countries may also require horses
to be treated for internal and external parasites before export.

Restrictions on destination, activity, and
season of import

An example of this strategy is avoidance of exposure to insect
vectors by import into a vector-free zone26 or, by only permit-
ting importation during a season when insect vectors are not
active. Another example is requiring competition horses not
to breed or be resident on breeding premises during a period
of temporary residency.

Protection of health status during
international travel

Government authorities may require horses to travel on ap-
proved routes through approved countries and have no contact
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with other horses not of the same health status during trans-
port. Special conditions may apply during transit of countries
en route or if horses are transhipped from one aircraft to ano-
ther during a transit. Conditions may be prescribed regarding
cleaning and disinfection of horse transport vehicles and ship-
ping containers, and protection of horses from insect vectors
during transport.

Restrictions on duration of temporary
residency

Visiting horses may only be permitted to remain in countries
for a maximum specified period. The period may be set by the
importing country or the country of usual residency, or both.

Contact information for
major regulatory agencies

Each country has very specific quarantine conditions for tem-
porary and permanent import of horses which are subject to
change. Consequently, specific details cannot be given in this
review and veterinarians should always seek advice from gov-
ernment officials or a reputable shipping agent before com-
mencing preparation of horses for export. Many agencies
now publish their quarantine conditions electronically.
Readers are referred to contact information below. Some
animal health sites on the internet such as Animal Health
Australia (www.aahc.com.au) have good links to a wide
range of other international animal health agencies.

Government animal health and
quarantine authorities

Australia
Department of Agriculture, Fisheries and Forestry
GPO Box 858
Canberra ACT 2601
www.affa.gov.au/index.cfm

European Commission
Division Legislation Veterinaire et Zootechnique
Rue Froissart, 101, 3/56
1049 Brussels
Belgium
www.europa.eu.int/comm/agriculture/index_en.htm

Hong Kong SAR, People’s Republic of China
The Government of the Hong Kong Special 

Administrative Region
Agriculture, Fisheries and Conservation Department
Cheung Sha Wan Government Offices
303 Cheung Sha Wan Road
5th Floor
Kowloon
Hong Kong
www.afcd.gov.hk/web/index_e.htm

New Zealand
Ministry of Agriculture and Forestry
PO Box 2525
Wellington
www.maf.govt.nz/mafnet/

Office Internationale des Epizooties
12, rue de Prony
75017 Paris
France
www.oie.int

Singapore
Agri-Food and Veterinary Authority of Singapore
Regulatory Services Branch
5 Maxwell Road #02-00 Tower Block MND Complex
Singapore 069110
www.ava.gov.sg

United Arab Emirates
Ministry of Agriculture and Fisheries
Animal Resource Department
www.uae.gov.ae/maf/

United Kingdom
Department for Environment, Food and Rural Affairs
State Veterinary Service
1A Page Street
London SW1P 4PQ
www.defra.gov.uk/

United States
National Center for Import and Export
United States Department of Agriculture
Animal and Plant Health Inspection Service Veterinary 

Services
Hyattsville
Maryland, USA
www.aphis.usda.gov/NCIE/

World Trade Organization
rue de Lausanne 154
CH-1211 Geneva 21
Switzerland
www.wto.org

Other organizations

Federation Equestre Internationale
Avenue Mon-Repos 24
PO Box 157
CH-1000 Lausanne 5
Switzerland
www.horsesport.org

International Air Transport Association
Cargo – Live Animals
PO Box 113
Montreal, Quebec
Canada H4Z 1M1
www1.iata.org/cargo/co/liveanimals/index
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International Federation of Horseracing Authorities
46 place Abel Gance
92655 Boulogne Cedex
France
www.horseracingintfed.com

International Trotting Association
c/o Suomen Hippos ry
Tulkinkuja 3
FIN-02600 Espoo
Finland
www.intertrot.org/
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associated with horses becoming cold are significantly less
than them becoming hyperthermic. Increased body tem-
perature will compound the sweat and respiratory fluid
losses and dehydration (due to decreased fluid intake) that
usually occur in any case with transport, possibly placing
the horse at an increased risk of developing colic or respi-
ratory disease.

● If possible, monitor weight loss and recovery following
transport. Horses losing more than 5% bodyweight should
be considered as candidates for immediate involuntary
rehydration either by administration of nasogastric or
intravenous fluids.

● An appropriate period of recovery should be built into any
transport plans. For road transport in excess of a days
transport (~8 h) at least an overnight rest is advisable. For
flying, a rule of thumb is 1 day for every 2 h of flying.

● Horses with pre-existing medical conditions, such as rhab-
domyolysis or recurrent airway obstruction (RAO, for-
merly known as equine COPD or ‘heaves’), are likely to
require special care during and following transport.

● The administration of mineral oil prior to transport as a
laxative is commonly undertaken. This is likely to have an
effect on the gut flora. The extent to which this will aid or
hamper the adjustment to a different fiber source is
unknown.

● Where possible, to minimize disturbance to the gastro-
intestinal tract, abrupt changes in fiber source should be
avoided. This is particularly relevant following air trans-
port. If exporting of hay or preserved hay is permitted,
then it is advisable to export this to the destination in
advance (e.g. by road or sea). Alternatively, if export is not
permitted, import a small amount of the fiber to be fed at
the destination and wean horses onto it gradually prior to
departure.

Almost every domesticated horse will experience some form
of transportation at some time in its life. The most common
reasons for transport include transport to competitions, for
breeding purposes, when bought or sold, for veterinary treat-
ment and for slaughter. The predominate means of trans-
porting horses today is by road, with trailers or floats and

General recommendations
for horse transport

● Prior to embarking on long distance transport (greater than
approximately 12 h duration for road or flights over 3–4 h),
it is advisable to ensure good respiratory health by undertak-
ing endoscopy of the respiratory tract at least 2 weeks in
advance of transport. This allows a reasonable period of time
for treatment of any pre-existing conditions prior to trans-
port.

● Owners should be advised to always take the rectal tem-
perature of horses prior to embarking on any transport
and not to risk transporting pyrexic horses unless in case
of other emergency.

● Water and feed should be provided almost on an ad libitum
basis. Water should be available at all times and not offered
only when at rest stops. Damping of feeds with water and
soaking of hay or feeding of haylage is important to mini-
mize the inhaled allergen load.

● It is preferable to travel horses with the minimal amount of
clothing possible. In conditions where it is unclear
whether horses require rugs, then it is better to travel
without than with. Under temperate conditions, the risks

Transport of horses
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custom-made or modified lorries, trucks, vans, or articulated
vehicles. However, the number of horses moved by air in the
case of race horses and sport horses competing at international
level is not insignificant. In some parts of the world horses are
still transported by train and boat in specially adapted carriages
or containers. For example, it is still possible to transport polo
ponies by boat from Argentina to Europe, or between islands in
Greece, and boats and trains are still used to move horses in
India. In the UK it used to be common for horses to be taken to
race courses by rail, and horses were also transported across the
American continent by rail. However, in developed countries,
sea and rail transport are now infrequently used, with the
exception of horses transported in lorries on relatively short
journeys (e.g. across the English Channel).

The successful transport of valuable horses by air and road
requires highly skilled staff, good practice and the right fleet
of vehicles. While many small transport companies exist,
there are also a number of major international transporters.
In road transport, the names of companies such as Sallee in
the USA and Fritz Johansmann in Europe are prominent. The
major airlines that move horses on a regular basis include
Lufthansa, Air Canada, KLM, Air France, DHL, FEDEX,
Singapore Airlines, Korean Airlines and El Al.

The last 20 years have seen major improvements in many
aspects of transport as a result of research undertaken in many
different countries. In the early days of transport of horses 
by air, the only way for the horse to be loaded was by walk-
ing across the tarmac and up a ramp. Once in the plane the
air-stall was constructed around the horse. Although this
type of containment is still used on smaller aircraft for short
flights, for larger aircraft and longer journeys the horse is
usually loaded into a modern air crate, well away from the
plane and runways, which is then towed to the plane and
loaded by lifting platforms (Fig. 64.1). With today’s freight-
movement technology and approaches to moving horses, it is
possible to load a full load of horses (~80 horses) onto a
Boeing 747 in approximately one and a half hours. In some
cases freight is loaded off the back of the plane while horses
are loaded on the front, dramatically reducing turnaround
times.

There is no doubt that the majority of horses that are
moved distances from as little as a few miles to thousands of
miles experience little if any discomfort, stress, or ill effects.
However, the effects of transport can have a noticeable nega-
tive effect on performance without obvious clinical signs of
illness or disease or the effect being directly linked to pre-
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Fig. 64.1
(A) Horse being loaded into an air-crate. (B) Two horses in a three-horse air-crate. (C) Three air crates containing horses being
towed out to be loaded. (D) Two air crates containing horses being loaded onto a 747 cargo plane.



ceding transport. More serious consequences for health can
result from transport-related effects on various body systems,
most notably effects on the gastrointestinal and musculo-
skeletal systems, and respiratory tract.

Effects of transport on the
respiratory tract

Air quality

Transport of horses by either road or air can present a
significant challenge to the respiratory tract. Air quality may
be compromised by inappropriate bedding, feed, and poor
ventilation resulting in accumulation of irritant (e.g.
ammonia from urine, dust), allergic (e.g. molds from hay and
straw bedding), and infectious (e.g. bacteria) material in the
traveling compartment. For example, during a horse flight
from the UK to Australia, airborne bacterial and fungal
colony-forming units increased by up to 20- and 7-fold,
respectively, with peaks occurring during stationary periods
on the ground.1 However, even during flight when the plane’s
air-conditioning/circulation system was in operation, bacter-
ial and fungal numbers of colony-forming units were up to 
five times higher than at the start of the flight. Warm and
humid conditions that develop due to heat dissipation of the
horse (i.e. sweating) and exhaled moisture can provide 
an ideal environment for horse to horse transmission of
infectious agents.

Ammonia is a potent irritant to the respiratory tract.
During 24 h of road transport by trailer, mean ammonia
concentration was reported to be less than 1 ppm.2 In
another study, for horses transported 36 h by truck,
ammonia concentration was reported to increase from 
~0.2 to 2 ppm.3 The bedding used in these studies was not

stated and this may have a profound impact on conversion 
of urea into ammonia by bacteria present in the bedding. At
present it is unclear whether the concentrations of ammonia
reported in these studies would induce airway inflammation.
However, exposure to 2–17 ppm of ammonia for 40 h has
been reported to induce cough and nasal discharge and
changes to cilia in the trachea.4 The ammonia concentra-
tions for air transport have not been reported, but with
increasing journey duration significant increases in am-
monia are more likely. Zeolite-containing compounds absorb
and reduce airborne ammonia concentrations. The com-
pounds are available commercially and are particularly
recommended for use during moderate to long periods of
transport (in excess of 8–10 h). The zeolite-containing com-
pound is spread on the floor under the bedding (Fig. 64.2).

Increases in airborne dust can lead to airway inflamma-
tion, increased mucus viscosity, increased mucus secretion,
and mucostasis. Concentrations of airborne dust were small
in horses transported by road for 36 h (0.2–0.4 mg/m3).3 In
a subsequent study, the concentration of respirable dust
(<5 �m) averaged 9 �g/L of air over 24 h of road transport.2

In both studies it was stated that hay was fed, but not whether
this was dry or soaked, nor was the bedding used stated; both
can have a marked impact on the respirable dust load. The
measured respirable dust loads for a number of different feeds
and beddings are shown in Table 64.1. It should be noted that
use of unsoaked hay, even if of good quality, and wood shav-
ings for bedding, which are both commonly used in both road
and air transport, present a considerable respirable dust load.

Mucocilary clearance

Transport is also frequently associated with dehydration,
which can decrease mucociliary clearance. Following 24 h of
trailer transport in which horses lost a mean of only ~3%
bodyweight, lung clearance of inhaled 99mTc-DPTA from
peripheral airways showed a trend to decrease by around
20%.2 Unfortunately, clearance from the larger, ciliated
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Fig. 64.2
Ammonia is a potent respiratory tract irritant. Zeolite-
containing compounds can be laid under bedding material and
help to absorb any ammonia produced from urine by bacteria,
thereby reducing ammonia concentrations in air.

Respirable dust
(particles/m3)

Fiber sources
Haylage (silage) ~4 000
Good hay ~60 000
Alfalfa pellets ~9 000

Grains/concentrates
Whole grains (e.g. oats) ~4 000
Rolled grains ~120 000
Molassed concentrates ~2 000

Beddings
Wood shavings ~30 000
Good straw ~11 000
Flax straw ~9 000

Table 64.1 Approximate respirable dust loads (particles per m3)
for different fiber sources, hard feeds, and bedding materials.
Adapted from51



airways was not assessed and the degree of dehydration
induced was much lower than can commonly occur during
transport. There are currently no reports of pulmonary
clearance following air transport. However, a study of
mucocilary clearance of 99mtechnetium–sulfur colloid in
non-transported horses demonstrated a marked effect of
head and neck position on clearance, with reduced clearance
during enforced maintenance of a high head position.5

The drying of the airways and increases in mucus viscos-
ity can be further exacerbated by increases in mucus produc-
tion stimulated by inhalation of dust or allergic material.
Warm and humid conditions inside the transport com-
partment can also cause the horse to increase its ventilation6

(as a thermoregulatory response to increase heat dis-
sipation), with the result that more particles are deposited in
the airways and airway drying is further increased. In addi-
tion, maintenance of an elevated head position, as is almost
universal during transport of horses, has been shown to
result in marked increases in mucus and numbers of bacteria
and neutrophils in the trachea within as little as 6–12 h of
elevation.5,7,8

It is not uncommon for some horses to exhibit signs of
mild airway inflammation following prolonged transport,
particularly in ‘heaves’-affected animals. Similarly, animals
that begin a journey with pre-existing airway inflammation
will almost certainly not improve and are more likely to suffer
exacerbation of their condition. Generalized ‘stress’ res-
ponses in animals that are poor travelers could possibly con-
tribute to pulmonary or systemic immunosuppression. At
present, although there is widespread agreement that
current common transport practices result in respiratory
tract inflammation, there is little if any evidence to suggest
that this is due to functional impairment of pulmonary
defenses as a result of immunosuppression.9–11

Shipping fever

Transport in general has been identified by a number of
authors as an important risk factor for the development of res-
piratory disease.12–14 The risk clearly increases with journey
duration, especially in excess of 10 h. A severe manifestation of
the effects of transport on the respiratory tract may be the
development of ‘shipping fever’. Affected horses most usually
exhibit pyrexia, depression, and reduced appetite, with or
without specific respiratory signs including cough, nasal dis-
charge, and increased respiratory rate. Shipping fever can
progress to pneumonia or pleuropneumonia if not treated
appropriately, and can be fatal. The reported causative agents
implicated in shipping fever include Streptococcus equi,
Streptococcus suis, Streptococcus zooepidemicus, and Pasteurella
caballi.15,16 However, it is generally believed that the most
common agent involved is S. zooepidemicus.

The risk of shipping fever increases with duration of travel
whether by road or air. Road transport in excess of 10 h
appears to markedly increase the risk of shipping fever,12,14

although this author has experienced horses developing ship-
ping fever after journeys of as little as 6 h by road. In a study

carried out in Japan over a 5-year period from 1989 to 1994,
the incidence of shipping fever following road transport of
25–28 h was 11.9%.17 Another study in Japan over a more
recent 4-year period indicated that for all horse movements
by road the incidence of shipping fever was 1.4%.11

The incidence of horses completing transport and
showing clinical signs of respiratory disease that does not
progress to shipping fever is even higher. When respiratory
disease was defined on the basis of rectal temperature in
excess of 38.6°C, cough, nasal discharge and lethargy, the
percentage of horses showing such signs following 36 h of
road transport was 45%.3 Similarly, the prevalence of pyrexic
horses was found to increase markedly beyond 20–24 h of
road transport.3

Other risk factors for the development of shipping fever
include air quality, number and density of animals in the
transport compartment, and the presence of respiratory
disease in individual horses prior to the onset of transport.

Effects of transport on the
gastrointestinal tract

Effects of transport on the gastrointestinal tract may relate to
generalized stress responses resulting in an increase in fecal
water content and hence increased dehydration. Alterations
in gut flora may also occur and can contribute to decreased
gut transit times, increased water loss, and decreased
digestibility. Decreased feed and water intake during trans-
port may lead to decreases in intestinal motility and pre-
dispose to colic. Conversely, dehydration may decrease
gastrointestinal tract water content and slow the passage of
ingesta with an increased risk of impaction colic. Changes in
hard feed (i.e. grains, pellets, etc.) and/or forage, imposed
either due to costs of transporting feed or to import restric-
tions, will almost certainly cause marked disturbances to gut
flora and have been identified as risk factors for the subse-
quent development of colic.18 There is evidence to suggest
that such disturbances may persist for 2–3 weeks following
an abrupt change in feed,19 again with implications for
digestibility and gastrointestinal tract water content. This
may result in horses losing weight or recovering weight
slowly following transport and may have important implica-
tions for sporting disciplines in which the gastrointestinal
tract serves as an important source of water to offset fluid
losses through sweating, such as endurance and eventing.

Digestibility and feed intake may be further compromised
when there has been a significant change in time zone to that
from where the horses originated their journey. This is effec-
tively similar to jet-lag in people. Decreased feed and water
intake are not uncommon in the first few days following air
transport across three or four time zones.20 Under normal
conditions, around two-thirds of a horse’s water intake is
associated with feed intake, and vice versa. The effect of dis-
turbance to normal feed intake is likely to be worse when
small numbers of large feeds are given. If the horse is nor-
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mally fed at 7 a.m. and 7 p.m., and following a flight is fed at
these times at the destination, then for a destination where
the local time is 8 h behind, the horse will be fed at the equiv-
alent of 3 p.m. and 3 a.m. It may therefore take horses 2–3
days to adjust to these new feeding times.

Weight loss during
transport

Almost all horses, whether experienced and relaxed travelers
or nervous or inexperienced travelers, lose weight during
transport. Weight loss during transport may result from
decreased feed and water intake, increased postural energy
expenditure, and decreased digestibility of feed, although
most weight loss is likely to be due to loss of fluid. This may
occur because of increased fecal water content and increased
thermoregulatory-associated losses (increased sweating and
increased respiratory water loss). In the case of air transport,
the low humidity will increase insensible water loss (water
loss due to the permeability of skin to moisture) without
obvious sweating.

Weight loss and recovery following
road transport

A summary of studies reporting weight loss during road trans-
port is shown in Table 64.2. Factors that increase weight loss
are duration of journey, warm or hot environmental conditions,
and failure to provide feed and/or water. Differences in type of
vehicle used, breed, previous transport experience, fitness, dis-
tance traveled, environmental conditions, and provision of food
and/or water make direct comparison between studies difficult.
However, the rates of weight loss for journeys of 4.5 to
14 h11,20–22 show a similar range of rates of weight loss of
0.33–0.42% bodyweight/h. Whereas journey times in excess of
24 h are associated with increased absolute weight loss, the rate
of weight loss is reduced compared with shorter journeys11,23–25

(Marlin, unpublished data).
It should be remembered that most studies are likely to

have been conducted using professional drivers and vans, or
at least by researchers driving sympathetically. In circum-
stances where the vehicle design is suboptimal or the vehicle
is badly driven,2,11 or there is significant turbulence in the
case of flying, animals have limited space to move,23 ventila-
tion is poor and environmental temperature is high, rates of
weight loss may be doubled.
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Breed/Type Vehicle Training Distance Duration Weight Weight Weather Fed/ Reference
status (km) (h) loss loss Watered

(%) (%/h)

TB Trailer Fit 1474 24 2.5 0.10 13–30°C Yes/Yes 2
Mainly TB Trailer NS 240 2.4 1.5 0.63 21–27°C No/No 21
Mainly TB Trailer NS 480 4.8 2.6 0.54 21–27°C No/No 21
Mainly TB Trailer NS 720 7.2 3.0 0.42 21–27°C No/No 21
TB NS NS 600 8.0 3.0 0.38 Hot Yes/Yes 23
Quarter Horse Trailer NS NS 6–30 4.0 NA NS NS 24

and TB 
(to slaughter)

Mixed breed Commercial NS 1622 24 6.0 0.25 Summer NS 21
van

Mixed breed Trailer NS NS 30 10.3 0.33 Hot No/No 25
Mixed breed Trailer NS NS 30 4.0 0.13 Hot No/Yes 25
TB NS NS NS 2.5 1.3 0.50 28–35°C NS 11
TB NS NS NS 4.5–6.5 1.5 0.33–0.23 28–35°C NS 11
TB NS NS NS 41 3.5 0.09 28–35°C NS 11
TB NS NS NS 60 5.3 0.09 28–35°C NS 11
Mixed breed Commercial Fit NS 4 1.5 0.37 Hot Yes/Yes 20

van
Mixed breed Commercial Fit NS 14 5.0 0.36 Warm Yes/Yes 20

van
Mixed breed Commercial Fit NS 2 0.9 0.44 Hot Yes/Yes 20

van
Mixed breed Commercial Fit NS 3 × 9 h 0.6–1.7 0.07–0.20 Cool–hot Yes/Yes Marlin,

van (over 3 days) unpublished 
data

TB Van Fit NS 7 2.8 0.40 Warm Yes/Yes Marlin,
unpublished 
data

NS, not stated;TB,Thoroughbred.

Table 64.2 Summary of weight loss in different transport studies



There are less data relating to weight loss and recovery fol-
lowing flying. For fit Thoroughbred racehorses transported
by road and air for total durations of 6–36 h, weight loss
during flying was around 3.6% bodyweight.26 In a group of
fit, three-day event horses of mixed breed with no previous
flying experience and flown 9 h, the mean weight loss was
4.5% bodyweight or 0.5% bodyweight/h.20

The time for recovery in bodyweight following transport to
that before transport depends on the duration of transport, the
amount of weight lost, the environment to which the horse has
traveled, the individual temperament of the horse, and poss-
ibly on previous transport experience. Changes in hay or hard 
feed (i.e. grains, cubes, pellets) may further delay recovery 
in bodyweight. Fit three-day event horses took 3 days to 
recover bodyweight following a road-transport-induced loss 
of 5% bodyweight.20 Fit Thoroughbreds transported for 7 h by
road and losing 2–3% bodyweight took less than 24 h to regain
their pretransport weight (Marlin, unpublished data), whereas
fit, elite three-day event horses took 24–48 h to recover follow-
ing three consecutive days of road transport (Marlin, unpub-
lished data). Foss and Lindner21 reported that of losses in
bodyweight of 1.5–3.0% induced by road transport, within
24 h in all cases the average deficit had been reduced to 
approximately 1.5% bodyweight, irrespective of the degree of
transport-induced loss.

Weight loss and recovery following
flying

Following flying and an average loss of 3.6% bodyweight,
Thoroughbred race horses continued to show a deficit of
2.4% bodyweight compared to before transport at three days
after arrival.26 In a study where horses were followed for a
longer period, recovery in bodyweight following a loss of 5%
bodyweight was not attained until 7 days after arrival in a hot
and humid climate.20

Diurnal changes in bodyweight

Bodyweight may vary by as much as 10–15 kg or 2% body
weight in horses that are fed, watered, stabled, and rested or
exercised (Marlin, unpublished data). Horses are normally
found to be lightest prior to their morning feed and heaviest
around 6 p.m. to 12 a.m. after consumption of feed through-
out the day. Morning exercise may mean that the lowest
bodyweight is recorded mid to late morning. This has some
implication in assessing transport weight losses. A horse trav-
eling morning to evening that arrives at the same bodyweight
as it left has effectively lost weight, because it should arrive
heavier on a normal diurnal cycle. However, in two studies
where horses were kept in pens or paddocks in warm to hot
conditions, weight loss was similar to those for an equivalent
duration of transport. For horses kept in paddocks for 7 h at
21–27°C without food or water, weight loss was 3% body-
weight or 0.42% bodyweight/h.21 Horses kept in paddocks for
30 h in hot conditions without water lost 12.8% bodyweight

(0.43% bodyweight/h) but only 3.5% bodyweight (0.12%
bodyweight/h) when allowed access to water.25

Fluid intake during transport

Most studies have reported a decrease in water intake during
transport compared to an equivalent stabled period when
horses were not transported. In one study, despite water
being provided continuously, none of the horses consumed
any water during an 8 h road journey, although all contin-
ued to eat.22 This response may have been due to limited pre-
vious transport experience of this group of horses. During
7 h of road transport, mean water consumption was 23 L
compared with 30 L for the same period of time in the stable
(Marlin, unpublished data). In a group of elite three-day
event horses transported for 9 h a day for three consecutive
days, mean daily water intake was 26 L and was not different
to the 3-day mean before transport (28 L) or following arrival
(28 L). However, in two horses, individual water intake
dropped to 7 and 11 L on the first day of transport, but in

1244
Transportation

Fig. 64.3
A horse in an air crate with continual access to water in a
bucket suspended within the crate from a lead rope.



both horses increased to 32 and 27 L, respectively on the
second day of transport (Marlin, unpublished data). Smith et
al.2 reported that during 24 h of road transport in a two-
horse trailer, water consumption was reduced to a mean of
27 L/24 h compared with 53 L/24 h before transport. In this
study the horses were given access to water during 15 min
stops every 3.75 h.

In spite of transport inducing dehydration, transported
horses that were not permitted access to water during trans-
port but then given water after transport, only consumed a
mean of 21 L.27 This was in contrast to horses that were kept
in pens for a similar duration, which consumed a mean of
38 L. This may be related to other effects of transport, such as
fatigue, not directly related to dehydration.

There is limited published information relating to water
consumption during air transport. During a 9-h flight, when
water and feed were provided continuously (Fig. 64.3), water
intake averaged 33 L compared to 25 L for the three days
prior to the flight.20

Effects of transport on the
musculoskeletal system

Confinement and collision with internal structures of the
transport vehicle might reasonably be expected to increase
indicators of muscle damage such as creatine kinase (CK)
and aspartate aminotransferase (AST). The extent of such
increases might therefore be reasonably expected to depend
on factors such as transport vehicle design; orientation
within the vehicle; the nature of the flooring material; the
quality of driving; road surface conditions; the amount of
cornering, stopping, accelerating, braking; degree of turbu-
lence during flying; and the age and health of the animals
being transported. However, as dehydration is common
during transport of horses, small increases in CK and AST fol-
lowing transport might be due to dehydration rather than
muscle damage per se.

Serum CK and AST activities were not increased sig-
nificantly by 14 h of road transport or 9 h of flying in a
group of competing three-day event horses.20 Mean CK and
AST activities in a group of elite three-day event horses were
also unchanged following three consecutive days of road
travel with overnight rest stops (pretransport 34 U/L versus
post-transport 26 U/L) (Marlin & Killingbeck, unpublished
data). In contrast, CK activity was increased significantly in
horses transported for 24 h, but only by a mean of 74 U/L
and returned to pretransport activities by 24 h post-
transport.24 Similarly, CK activities increased by means of 3,
113, and 217 U/L in horses trailered by road for 2.4, 4.8, and
7.2 h.21 However, in the same study, horses kept in pens also
showed a mean increase in CK of 66 U/L over a 7.2 h period.
There is also a report in the literature that indicates that 
both serum CK and AST activities show diurnal variation,
with elevations in the afternoon compared with the
morning.28

In race horses transported by road and air for between 6
and 39 h, CK and AST were not elevated immediately on
arrival, but some horses showed an increase over the first
24 h at the destination.26 In 12 healthy, adult horses trans-
ported by road for 130–200 km, the mean plasma CK activ-
ity increased 93 U/L.29 Following a 300-km road journey, in
a group of 40 Thoroughbred race horses the mean increase
in plasma CK activity was only 60 U/L and had returned to 
pretransport activities by 24 h.30 In contrast, a short 
70-min road journey was reported to increase CK in a group
of 30 healthy stallions.28 Although most studies show
minimal increases in CK following transport, there is one
report of four horses developing rhabdomyolysis during
transport.31

Generalized responses to
transport

Heart rate and energy expenditure

Increases in oxygen consumption indicate an increase in tissue
metabolic activity and energy expenditure, which can usually
be ascribed to increased muscular effort, in the absence of fever.
In transported horses, increases in oxygen consumption may
be attributable to increased energy expenditure in order to
maintain posture in response to changes in speed and/or direc-
tion. Increases in heart rate may also indicate an increase in
energy expenditure, but can also be a result of reactions to
external stimuli or a generalized stress response. However, it
should also be noted that increases in oxygen consumption
and/or heart rate may result from increased thermoregulatory
demands as a result of increased temperature and humidity
within the traveling compartment.

In most studies, heart rate of horses during road transport
has been reported to be higher than that for the same horses
either at rest in the transport vehicle or in their own
stables.2,32–37 Clark et al.32 reported a mean heart rate during
18 min of transport in a two-horse trailer of 85 bpm in
horses with little or no previous transport experience. Smith
et al. reported a mean heart rate of 66 bpm for eight
Thoroughbred geldings with unknown previous transport
experience during 100 min of road transport in a four-horse
trailer, compared to a mean heart rate of 48 bpm when the
trailer was parked.34

However, in contrast, in a transport study of 30 mature
mares and geldings, during 6 h of road transport in a large
trailer, mean heart rate was only around 5 bpm higher com-
pared to horses kept in pens for the same period of the day.25

Similarly, in trained Thoroughbred horses with previous but
no recent transport experience, mean heart rate during 7 h of
road transport in a two-horse lorry was only around
5–7 bpm higher than when the horses were in their stable
during the same period of the day (Marlin et al., unpublished
data). Doherty et al.33 also reported that mean heart rate in
Shetland ponies during 30 min of road transport was only
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approximately 5 bpm higher than when standing. However,
in this study the ‘resting’ (standing) mean heart rate of
54 bpm would be considered high.

In many studies, the previous transport experience of
horses used is not stated or possibly not known. It does appear
that there are marked differences in transport responses in
horses that are effectively transport naive compared with
horses that are transported on a regular basis.

There is also evidence that heart rate responses to trans-
port also depend on the stage of the journey and on the trans-
port vehicle configuration and orientation of the animals
within the vehicle. For example, heart rate has been reported
to show the greatest elevation during the initial movement of
the vehicle, with a gradual decline over the first 10–30 min 
of transport.32,34,35

A number of studies have investigated the orientation prefer-
ence of horses during road transport and whether there are dif-
ferences in behavior or physiologic or other responses assumed
to be indicative of stress when horses are transported in differ-
ent orientations relative to the direction of forward travel. A
review of the literature indicates that multiple factors, including
size and design of vehicle, space allocation, duration of trans-
port, road conditions, journey route, and number of horses
transported, as well as individual horse preferences that deter-
mine the response to or selection of different orientations
during transport.32–35,38–40

During enforced orientation during road transport, rear-
ward-facing transport has been reported to be associated with
reductions in side and total number of impacts with the vehicle
interior, losses of balance, vocalization, and movement.32,37,38

Only one study has reported a significant reduction in heart rate
during a rearward compared to forward-facing transport in a
lorry for 60 min,37 whereas others have reported trends33 or no
difference.32,34 Two studies have, however, reported lower heart
rates for rearward-facing loading and during the initial move-
ment of the vehicle.32,37 In relation to other indicators of stress
or comfort, Clark et al.32 reported no difference in plasma 
cortisol for horses transported forward- or backward-facing for
18 min by road.

In studies where horses have been allowed to select their own
orientation (i.e. when transported loose), results have been
highly variable. For example, Smith et al.35 reported that out of
eight horses transported loose in a four-horse stock trailer, one
was in constant motion whereas five spent more than half the
time during transport facing backward. In contrast, in a group
of 12 horses transported in a commercial straight-deck, topless
trailer, loose horses spent the greatest percentage of time (57%)
facing forwards at angles of between 22° and 67° to the direc-
tion of travel.38 In the same study, however, when horses were
tied to the trailer, the side to which they were secured deter-
mined the direction they chose to face, with the greatest per-
centage of travel time facing backwards when tied to the left side
of the trailer. Overall, these authors reported that the horses
studied showed a slight preference for travel at 45° to the direc-
tion of forward movement, but no significant preference for
facing toward or away from the direction of transport. Thus,
whether forward- or rearward-facing transport is preferable is
still unresolved and appears to depend on individual horse pref-

erence and possibly other factors such as previous transport
experience, degree of acclimation transport prior to study,
presence of other horses, vehicle configuration, and possibly
duration of journey, as most studies cited have been relatively
short.

Although it was noted previously that elevations in heart
rate may be due to excitement, stress, or stimulation rather
than to increased energy expenditure per se, a recent study
utilizing EMG, heart rate, and video recording during road
transport did show that muscle activity and heart rate were
very closely correlated.41 The implication from this is that
most elevations in heart rate are related to the muscular
efforts to adjust posture. As concluded by Giovagnoli et al.,
simultaneous increases in heart rate and EMG almost cer-
tainly reflect both emotional and physical stress, and are most
likely primarily determined by road conditions and driving
style. Whereas an increase in oxygen uptake would have been
inferred by the increased EMG activity in the study by
Giovagnoli et al.41 in an earlier study, Doherty et al.33 showed
nearly a two-fold increase in energy expenditure (estimated
from direct measurement of oxygen consumption) in
Shetland ponies during 30 min of road transport compared
to when standing.

There appears to be only one report of heart rates during
air transport.42 Heart rates were recorded during transport of
horses for 12 and 24 h in enclosed containers (Airstable®)
designed to prevent the ingress of insects that could act 
as potential vectors for equine infectious diseases. Mean 
heart rate for the whole period of each flight ranged from 
39–57 bpm and was similar to the mean heart rate of horses
on the same flights that were traveled in conventional open
stalls (range 34–46 bpm). Peaks in heart rate associated with
take-off and landing were around 80–100 bpm and are not
considerably different from those seen in horses transported
by road. This should not be surprising, as it is likely that the
horse is unable to differentiate between flying and road trans-
port but reacts simply to visual, audible, and/or mechanical
cues, irrespective of their origin. Thus, in the absence of tur-
bulence, and accepting the likelihood of poorer air quality, on
a per hour basis it would be expected that horses would be less
affected by flying than by road transport.

Hematology and biochemistry

Road transport

Leukogram In contrast to studies of flying, most studies of
road transport have reported increases in peripheral white
blood cell (WBC) count. For example, WBC count was
increased in horses transported for between 5 and 32 h by
road, or for 24 h by road, respectively,24,43 although Smith et
al. 2 reported no increase in WBC count following 24 h of
road transport. A mean increase from 6.6 to 9.9 × 109

WBC/L blood following ~14 h of road transport has been
reported,20 but no change in total WBC count following 7 h
of transport, although there was a significant increase in
neutrophil count (Marlin, unpublished observations). Stull
and Rodiek 24 reported an increase in WBC from around 8 to
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13 × 109 WBC/L blood following 24 h of road transport,
although it is worth drawing attention to the fact that the
majority of the increase occurred in the first few hours of
transport.
Hematocrit and total protein Packed cell volume (PCV)
and total protein have been measured in a number of trans-
port studies and will generally reflect the extent of dehydra-
tion. However, as it is easy to provoke an acute increase in
PVC  through excitement, protein measurements are likely to
be more reliable as an index of hydration status. Perhaps not
surprisingly, shorter duration (<7 h) journeys by road have
reported no changes in PCV or total protein30,44 (Marlin,
unpublished data). Following longer-duration journeys (in
excess of 24 h) PCV and total protein have not always been
shown to increase in parallel. For example, both Smith et al.2

and Stull et al.24 found an increase in PCV but no change in
total protein following 24 h of road transport. This suggests
that PCV was most likely elevated either due to excitement
during transport or sampling or the entrance of people into
the horse compartment rather than by dehydration per se. In
the study by Friend,25 as would reasonably be expected, total
protein was considerably higher at the end of transport in the
non-watered group compared with the watered group.
Electrolytes Fewer studies have measured plasma elec-
trolyte concentrations and results are contradictory for
shorter-duration road transport.30,44 However, for 30 h of
road transport,25 in horses receiving water, serum sodium
and chloride concentrations were both increased by 8 h of
transport, but were no different to pretransport after 30 h.
This was in contrast to marked increases in sodium and chlo-
ride concentration at 30 h in the non-watered group.
Following a 9 h flight, plasma sodium (pre 136 versus post
141 mmol/L), chloride (98 versus 104 mmol/L), potassium
(3.6 versus 4.1 mmol/L), and total protein (66 versus
73 g/dL) concentrations were all significantly increased.20

These changes were much more marked than when the same
horses were transported ~14 h by road. Van den Berg and
colleagues investigated water and electrolyte balance in
Thoroughbred horses during 8 h of road transport in com-
parison to a non-transport control.22 Dehydration was modest
(~3% bodyweight loss) and intake of sodium and chloride were
unaffected by transport, although potassium intake was
decreased. Interestingly, sodium and potassium losses in urine
and feces were similar, whether horses were maintained in
stables (control) or transported, but potassium output was
reduced in the transported group during the post-transport
period. There do not appear to be any other reports in the liter-
ature of plasma electrolyte changes following air transport.

Air transport

There is limited published information concerning changes in
hematology and biochemistry following air transport.
Thornton42 reported no changes in hematology and/or bio-
chemistry following flights of 12 or 24 h. Leadon et al.26

reported no changes in WBC, plasma sodium or potassium, but
small increases in chloride, PCV, and fibrinogen. In a separate
study the same authors also found no increase in WBC count

following flying, although the WBC was decreased at 2 days
postflight, suggesting that the values before flight may have
been elevated. In the same study the authors reported a dou-
bling of blood neutrophil counts and no change in globulin con-
centration. In contrast, following a 9-h flight, the author and
colleagues have reported increases in WBC, sodium, chloride,
albumin, and total protein concentrations.20

Hormonal responses to transport

Cortisol

Cortisol is the hormone that has been most frequently meas-
ured in transport studies. During road transport, plasma corti-
sol concentration has been reported to either increase or
remain unchanged. In a number of shorter studies there has
been a marked increase in plasma cortisol concentration in the
early stages of transport,32,44 whereas studies of longer dura-
tion have reported little or no increase in cortisol concentra-
tion2,25 (Marlin, unpublished data). In fact, in the study by
Friend25 the greatest increase in cortisol concentration was in
non-transport controls kept in pens without access to water. In
one of the longer duration road transport studies which did
report a large (4-fold) increase in cortisol concentration, almost
half the increase occurred in the first few hours of transport.24

When the results of the various studies are considered together,
the implication is that increases in cortisol concentration are
probably due to handling, loading and the initial movement of
the vehicle, rather than prolonged movement or confinement.

Other hormones

With respect to other hormone measurements during 
transport, a decrease in serum aldosterone concentration has
been reported following short-term road transport.44 No
changes were found in plasma adrenocorticotrophic hormone
(ACTH), dopamine, epinephrine (adrenaline), or norepineph-
rine (noradrenaline) concentrations following 7 h of road
transport (Marlin, unpublished data). ACTH and 11-hydroxy-
corticosteroid peaked within 5 h of the start of a 41-h road
journey.11 Although only 18 min of road transport doubled
plasma cortisol concentration, it had no effect on plasma thy-
roxine concentration.32 A combination of road and air trans-
port of Thoroughbred race horses lasting a total of 6–39 h
produced a small increase in plasma cortisol,26 whereas there
was no overall change in plasma �-endorphin in horses flown
for 30 h.42 Li and Chen reported an increase in plasma �-
endorphin of around 40% only 30 min after the onset of road
transport, but a decrease by 60 min of transport.45 However, in
all these examples of changes in circulating concentrations of
hormones, the changes induced by transport are considerably
lower than those commonly reported for exercise.

Rest stops

Perhaps surprisingly, there are no studies in the scientific
literature looking at the use of rest stops during transport,
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although these are used to varying degrees by almost all
people who transport horses. The current consensus appears
to be that horses should at least be checked approximately
every 4 h of transport, and preferably the vehicle stopped and
the horses unloaded; this is sometimes not feasible. Ideally,
horses should not be transported for more than 8–10 h at a
time, particularly by road, without an overnight rest.
Sometimes there are opportunities to exercise animals when
waiting for a change in transport, e.g. from road to air or road
to boat (Fig. 64.4), however, extreme care should be taken to
evaluate the surroundings before unloading horses, espe-
cially in airports.

Immune function

The observation that horses develop respiratory disease
during or following transport has led to the suggestion that
the stress associated with transport may in turn lead to
immunosuppression. This speculation is usually linked to the
belief that increases in cortisol as part of a stress response to
transport will lead directly to immunosuppression. Wheras
cortisol is an immunomodulator, increased concentrations 
of circulating cortisol do not conclusively result in immuno-
suppression. Furthermore, as reviewed above, transport is
not universally associated with increases in circulating
cortisol.

The effects of transport on the immune system of the
horse have recently been reviewed46 and will therefore only
be dealt with briefly. In relation to pulmonary immune func-
tion and in considering whether local immunosuppression
contributes to the development of respiratory disease during
transport (i.e. shipping fever), the role of immunosuppression
is difficult to dissociate from impaired mucociliary clearance
and associated bacterial proliferation.5,8,47 Indeed, a number
of studies have failed to demonstrate any impairment of alve-
olar macrophage function following transport.10,48 Following

7 h of road transport, there was no change in lymphocyte
proliferation in response to concanavalin A and phyto-
hemagglutinin or in lymphocyte expression of CD4 or CD8
(Marlin, Kydd, Hannant, unpublished data). Other reports of
immune function and transport in the literature are in other
species, including cattle and pigs. Thus, it is conceivable that
in some individuals the development of conditions such as
shipping fever may be facilitated by a component of immuno-
suppression, but this does not appear to be a universal occur-
rence in transported horses.

Jet-lag, transport and
possible effects of transport
on performance

Transport may have a direct impact on subsequent perform-
ance due to injury, impaired respiratory health, fatigue,
‘stress’, and disorientation. The influence of jet-lag on the
function of, for example, airline pilots49 and performance in
athletes50 continues to be an area of interest. Although it is
accepted that jet-lag occurs to some extent in all humans as a
result of rapid air travel across a number of time zones, it is
less clear to what extent horses are affected. It has been
reported that following 9 h air transport across six time zones
(i.e. –6 h at destination compared to origin) there was a
reversal of the normal diurnal rectal temperature relation-
ship, an increased frequency of uneaten meals, and changes
in pattern of water consumption.20 Although these changes
may be consistent with development of jet-lag, they are
impossible to differentiate from the effects of transport per se
(i.e. fatigue, dehydration, disorientation).

Summary

The majority of horses are transported without incident.
However, there may still be subclinical effects of transport,
which may or may not noticeably impair performance. At the
other end of the scale, a small proportion of horses become ill
and may die as a result of conditions occurring that are directly
associated with transport, particularly ‘shipping fever’. The
reasons why some transport events result in illness in some but
not all individuals are presently unclear. However, the marked
variation in response to transport that occurs around the world
is also reflected in the marked variation between the controlled
experimental studies of horse transport presented in this
review. The variation in response to transport, in many cases in
what appear to be similar studies, is most likely due to a combi-
nation of different factors, which could include age, breed, sex,
temperament, fitness, presence of pre-existing disease, previ-
ous transport experience, external and internal environmental
conditions, transport vehicle design, and the feeding and
watering regimen.
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Exercising horses by walking in hand while waiting for loading
onto a cross-channel ferry from France to the UK.
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performance horses. These advances, however, have also led
to the detection of residues of therapeutic medications and
environmental contaminants. The performance horse indus-
tries and their regulatory bodies are currently trying to
balance the need to control the abuse of unauthorized med-
ications, avoid penalizing individuals for inadvertent environ-
mental contamination, and desire to provide optimal
veterinary care to equine athletes.

The drug-testing process

Sample type and collection

Sample collecting procedures must take into consideration
both scientific and legal aspects. An important legal side to
the process is chain-of-custody documentation, which is a
tamper-resistant trail of documentation indicating where the
sample has been and who has had custody of it at all times.

There is an increasing sense of concern on the part of horse-
men, veterinarians, and the horse-loving public regarding
the abuse of drugs and medications in horses participating in
athletic competitions. Whereas it is recognized that therapeu-
tic medications can benefit the horse, the overuse of these
agents, as well as the administration of illegal drugs, have the
potential to alter a horse’s performance and mask serious
injuries. In the show- and race-horse industries, private and
government regulatory officials are responsible for develop-
ing drug and medication rules to protect the health and
welfare of the horses and horsemen, assure a fair and level
playing field for all competitors, and safeguard the public
interest whenever pari-mutuel wagering is involved. Drug
and medication rules are enforced through the testing of
blood and urine samples collected from horses competing in
athletic competitions for the presence of unauthorized drugs
and medications and for drug concentrations greater than
that permitted (overages) of authorized medications.

Enforcement is a two-step process, with all of the samples
first subjected to a series of screening tests. If the results of
any of these tests suggest that there is a violation of the med-
ication rule, the sample will undergo a second confirmatory
testing process. In the past few years, there have been
significant technological advances in the screening and
confirmation processes that have resulted in improved
control over the use and abuse of medications and drugs in
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For this reason, the actual drug-testing process begins when a
sample is collected. The collection container must be new, clean,
and sealed and the sample must be obtained in a manner 
that avoids possible contamination from the environment 
(Fig. 65.1). It is important that drug-testing personnel maintain
accurate records of sample collections, as this represents the
beginning of the chain-of-custody process. Once collected, the
samples are sealed with tamperproof evidence tape and secured
for transport to the testing laboratory. Commercial courier serv-
ices provide a complete external chain-of-custody with tracking
information available through the bill of freight. The testing 
laboratories must also keep accurate records as to when the
samples were received and document their internal chain-
of-custody. In addition, security procedures must be in place to
prevent the samples from being tampered with or compromised
in some other manner during the collection, shipping, and
testing processes.

Urine is the primary body fluid used for drug testing in
most programs because it is relatively easy to obtain, and
because most drugs and their metabolites are present in
higher concentrations in urine than in blood. Generally,
urine samples are collected from horses following competitive
events. In the horse-racing industry, sample collection is
usually a straightforward procedure. Following the race, the
winner and one or two additional horses, which are generally
chosen at random by the racing stewards, are taken to a
secure and isolated detention barn where they are bathed,
cooled out, and allowed access to water. Sometime during this
cool-down period, most horses will void naturally. In con-
trast, collecting urine from show horses is often problematic.
Horses to be tested are usually selected at random, although
winners are always tested in some programs. Once a horse is
chosen, the testers must remain with the horse until a sample
is obtained or the process is halted due to the horse’s failure
to urinate in a timely manner. Show horses frequently
compete in several classes, and often will not urinate until
they are cooled out and untacked at the end of the day.
Altogether, collecting urine samples from show horses can be
a prolonged and time-consuming process.

Blood samples are also commonly collected if a veterinar-
ian or veterinary technician is available to draw the sample.
Because the concentration of many potent drugs in blood is
too low to detect using current analytical methods, plasma or
serum samples are rarely tested for unauthorized medica-
tions. For example, small doses of medications, such as deto-
midine, mepivacaine, and albuterol, while pharmacologically
active, may not be present at detectable concentrations in the
plasma or serum. Instead, blood samples are primarily used
to regulate the use of authorized medications, such as non-
steroidal anti-inflammatory drugs (NSAIDs), because thera-
peutic plasma or serum concentrations of these agents are
usually readily detectable using current analytical methods.
Maximum permitted concentrations of authorized medica-
tions are established in serum or plasma, and the laboratories
analyze the blood samples to ensure that these limits are not
exceeded.

In the past decade, interest in the analysis of hair for detec-
tion of administered drugs has increased in forensic sciences.

For example, in the USA, analysis of hair collected from cattle
has been used to screen for the administration of agents, such
as clenbuterol, which are banned for use in food-producing
animals. In addition, in horses that were administered mor-
phine detectable concentrations of the drug were found in
mane hair samples.1 In addition, the amount of morphine
found in the mane sample correlated with the dose of mor-
phine that was administered to the horse. The results of
another study demonstrated that the ability to detect drugs in
hair samples depended on the location on the body where the
sample was collected (i.e. neck, back, tail and mane) as well as
the season of the year.2 For example, the tail hair was deter-
mined to be the best choice for long-term drug detection,
because of its length and continuous growth. In contrast,
body hair, because it is short and continually shed, was the
least likely to contain detectable concentrations of any of the
administered drugs. It must be remembered, however, that
not all drugs administered to the horse will be incorporated
into growing hair.

One major drawback to the use of hair analysis in equine
drug testing is that it is difficult to determine when the drug
was administered to the horse. A mane sample positive for
morphine, for example, could be the result of an administra-
tion 6 months earlier, and some horses may have been
bought and sold several times over that period. For this
reason, the usefulness of hair analysis and the legal and
ethical ramifications of proceeding with regulatory action
against an owner or trainer based on a positive hair test,
remain to be determined.

Occasionally, saliva samples have also been tested for the
presence of unauthorized medications. The principal value of
testing saliva samples is the ability to detect agents recently
administered by the oral route due to residual contamination
of the mouth and pharyngeal area. Saliva is collected by
swabbing the horse’s mouth with cotton gauze held in
forceps. The main disadvantage of saliva testing is that it is
difficult to obtain a useful volume, as yields rarely exceed
more than 5 g of fluid.

Testing scheme overview

Over the years, the drug-testing process has evolved into a
two-step procedure. When the samples arrive at the labora-
tory, small aliquots of each are subjected to one or more
screening tests. Ideal screening test methods are rapid and
sensitive, but they do not have to be highly specific, because
the results are only presumptive. Regulatory actions should
never be taken based on a positive result in a screening test.
In North America, the three screening methods that are most
commonly used to detect the presence of unauthorized sub-
stances in equine urine samples are thin-layer chromatogra-
phy (TLC), enzyme-linked immunosorbent assays (ELISAs),
and instrumental techniques employing mass spectrometry.
If the results of all of the screening tests are negative then the
sample is declared negative and no further action is taken.
However, if the results of one or more of the screening tests
are suspicious, the sample will undergo a second round of
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testing to confirm the presence and identity of the substance.
Because the confirmation test result must typically with-
stand legal challenge and intense scrutiny, mass spectral
identification of the substance is essential. Although gas
chromatography–mass spectrometry (GC-MS) has been 
the most commonly used method of confirmation, liquid
chromatography–mass spectrometry (LC-MS) is rapidly
becoming the method of choice in most laboratories testing
equine samples.

Split-sample analysis

As described above, before a reputable laboratory reports that a
sample contains an unauthorized drug or an overage of an
authorized medication, the sample has undergone a screening
and confirmation testing process using validated analytical
procedures. Nevertheless, a split- or referee-sample analysis is
permitted in all racing jurisdictions. The referee or split sample
is a small portion of the original sample, which was poured into
a separate container, or ‘split off ’, immediately after collection
(Fig. 65.2). In an ideal situation, the referee sample is stored
frozen at a secure site, physically separate from the primary
testing laboratory. In horse racing, if the primary laboratory
reports a finding for an unauthorized substance or an over-
dosage of an authorized medication, the owner or trainer of
the horse implicated has the option to have the referee sample
sent to a second independent laboratory. The second laboratory
repeats the analysis to confirm the violation. Most racing juris-
dictions maintain a list of reputable and reliable laboratories,
from which the owner or trainer may select. The purpose of the
split-sample analysis is to verify the results of the original labo-
ratory, and in so doing guard against laboratory mistakes or
contamination of the original sample during the collection or
testing process. If the second laboratory does not confirm the
presence of the unauthorized substance or the overage of the
authorized medication found by the primary laboratory, no
regulatory action is taken.

There are several variations in split-sample analysis 
programs outside of the racing world. For example, under
Fédération Equestre Internationale (FEI) regulations, a split-
sample analysis is automatically conducted by a second FEI-
associated laboratory following any finding of a violation of
their drug and medication rule.3 Should the second analysis
fail to confirm the original finding, however, the rule does not
stipulate whether regulatory actions will or will not be taken.
For years, the American Horse Shows Association, which
was the predecessor of USA Equestrian and which regulated
the vast majority of horse shows in the USA, did not have a
split-sample analysis program. Instead, the organization
offered a reanalysis of the original sample in their primary
testing laboratory. USA Equestrian, however, recently imple-
mented a program that allows for collection of a split sample
and testing of that sample at a second referee laboratory.4

Unlike most racing jurisdictions, however, USA Equestrian
does not maintain a list of approved laboratories. Instead, the
rule states that the choice of second laboratory will be made
by mutual agreement between USA Equestrian and the indi-
vidual deemed responsible and accountable for the implicated
horse. In addition, if the organization deems that only the
laboratory that performed the original testing has demon-
strated proficiency in performing the necessary confirmatory
analysis for the drug or medication in question, then that
laboratory will perform the split-sample analysis. In these
aspects, the USA Equestrian rule still differs significantly 
from the split-sample programs utilized by most racing
jurisdictions.

Analytical chemistry
methods used to detect
drugs and medications

Sample preparation

Sample preparation prior to testing for unauthorized medica-
tions uses variable sample volumes and can be employed for
either urine or blood. The goal of the extraction process is to
select and concentrate compounds of interest, often called
analytes, from the sample while removing endogenous
matrix materials that could interfere with the analytical
process.

Liquid–liquid extraction

Probably the simplest and most traditional method of sample
preparation is liquid–liquid extraction (LLE). In LLE, the
aqueous sample is mixed in a glass vial with an organic
solvent that is not miscible with the sample. Most drugs are
more soluble in the organic solvent than in the aqueous
media of the sample, and they therefore partition into and
concentrate in the organic phase during the mixing process.
Continuously agitating the mixture ensures that all parts of
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Fig. 65.2
A primary urine sample is split to create the primary and the
referee or split sample.



the sample come into contact with the extracting solvent.
Because the two liquids are not miscible in one another, the
sample/solvent mixture will separate into two liquid layers
when agitation ceases. The selection of optimal conditions,
such as pH and solvent polarity, will result in the majority of
any analyte present being extracted into the chosen solvent.
To complete LLE, the two liquid layers are separated and 
the solvent layer is kept for further manipulation, such as
concentration through evaporation.

Solid-phase extraction

Solid-phase extraction (SPE) is another technique used to
separate and concentrate analytes from urine and blood
samples. Whereas LLE uses a liquid solvent to separate the
analytes from the sample matrix, SPE uses adsorption to a
solid surface to achieve this same separation. The most
common form of SPE is a prepackaged column containing
bonded silica sorbents to which functional groups, such as
hydrocarbons or ion exchange groups, have been bound.
After the column of material has been conditioned, or
washed and buffered to the desired pH to facilitate analyte
binding, the liquid sample is passed through the bed of adsor-
bent particles. Analytes will be retained and contaminating
matrix material will be removed by washing the column with
water or some other buffer or solvent. In the final step the
column is buffered to a particular pH to facilitate release of
the analytes, which are then eluted into a small amount of
solvent. In equine drug testing, three buffers with different
pHs are used to produce an acidic, a neutral, and a basic drug
fraction from each sample. Different drugs or drug classes will
elute into the different fractions based on their physicochem-
ical properties. For example, barbiturates and amphetamines
will be present in the basic fraction, whereas corticosteroids
will elute into the acid fraction. Each fraction then undergoes
an evaporation process to further concentrate any analytes
present prior to the analytical process.

Screening methods

Thin-layer chromatography

In TLC analysis, aliquots or small portions of the original test
samples undergo a series of extractions, as described above,
designed to separate any drugs present from endogenous
sample matrix and concentrate them into small volumes of
volatile solvent. These extracts are then applied or ‘spotted’
onto thin glass plates, which are coated with adsorbent mate-
rial, such as silica gel, which serves as the stationary phase.
The plates are then placed into a chamber with a small
volume of organic solvent, which serves as the mobile phase.
Drugs and other compounds are carried up the plate in the
mobile phase by capillary action at a rate and distance that
depends on their physicochemical properties (Fig. 65.3).
Although a few agents produce visible spots, most drugs are
visible only after applying certain dyes or regents. These
reagents are sprayed onto the plate, where they interact with
functional groups on the drug molecules to produce color

changes, which make the spots visible. Different drugs 
may have similar migration patterns, and therefore the
identification of a drug based on TLC analysis is only 
presumptive.

Racing laboratories have used TLC for over five decades
and it remains one of the most common screening methods
used in North America, despite numerous disadvantages to
the methodology. For example, TLC methods require large
volumes of both sample and solvent. In addition, they are
time-consuming and labor-intensive, and the spots produced
by the method require interpretation by the chromato-
grapher, which can be subjective. Finally, the sensitivity of
TLC is often not adequate to detect many of the more potent
drugs in use today. For example, the smallest concentrations
of drugs that can be detected, which are commonly referred
to as limits of detection (LOD), by TLC are greater than 
100 nanograms per milliliter (ng/mL) or parts per billion
(ppb) for most analytes. In contrast, the LOD for ELISA and
instrumental screening methods are commonly in the range
of 1 to 10 ng/mL. Nevertheless, TLC remains in favor as an
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Fig. 65.3
As depicted in this cartoon the final spots produced using
thin-layer chromatography methods provide only average
resolution, but permit the simultaneous detection of a wide
range of substances in a single test.



analytical method because of its simplicity (extraction and
spotting technicians can be trained in a few weeks), depend-
ability (no moving parts or automation is required), rela-
tively low cost (80% of the cost is labor), and its capacity to
simultaneously detect a wide range of substances in a single
analysis.

Enzyme-linked immunosorbent assay

Although ELISA testing has only been available since the
1980s, it has rapidly become an integral part of routine
equine drug testing, primarily because of its simplicity and
sensitivity. The majority of laboratories in North America use
ELISA to complement their TLC screening methods, although
several laboratories have developed screening schemes based
solely on ELISA tests. The principal components in enzyme
immunoassays are: (1) a drug molecule labeled with a specific
enzyme conjugate; (2) a polyclonal antibody specific for the
drug; and (3) a substrate, such as tetramethylbenzidine,
capable of producing a measurable optical signal or color
change when bound by the enzyme conjugate. The antibod-
ies used in ELISA are specific for one drug or a drug class in
which members have a similar chemical structure. In the
test, the enzyme-labeled drug binds to the antibody, which
results in a color change when the substrate is added. If there
is drug in the test sample, it will compete with the enzyme-
labeled drug for binding sites on the antibody. As a result,
there will be less of the enzyme-labeled drug bound to the
antibodies, and so there will be little or no color change when
the substrate is added (Fig. 65.4). The testing process is
simplified by the use of automated microtiter plate readers
that rapidly screen the plates at their optimal wavelengths
and calculate the test results with vendor-supplied software.
When authentic reference standards are used to create a mul-
tipoint calibration curve, the results of ELISA testing can
provide semiquantitative results or an estimation of the
amount of the drug in the sample.

As mentioned previously, one of the advantages of the use
of ELISA testing is its superior sensitivity. The LOD for most
drugs using ELISA tests are in the range of 1–10 ng/mL.
When employing ELISA for specific drug or drug classes LOD
of 1 ng/mL are achievable for many substances. As with any
immunologically based assay, non-specific cross-reactions
can occur and therefore, as with TLC, ELISA results represent
only provisional drug identifications. A more specific test,
generally based on mass spectrometry, must be used to
confirm the presence and the identity of the drug.

Instrumental analysis

With the availability of lower-cost analytical instruments and
automated sample preparation, instrumentally based drug
testing programs using GC-MS and LC-MS have been
employed for a number of years in Europe, Australasia, and
Africa and are rapidly becoming the gold standard for equine
drug testing in North America. These instrumental ap-
proaches provide a wide range of coverage (i.e. >750 drugs),
excellent sensitivity, and superior specificity. Limits of detec-
tion of less than 1 ng/mL can be achieved when extraction
and chromatographic separation are optimized.

Chromatographic separation

The first step in mass spectrometric analysis involves the sepa-
ration of any analytes in the sample from one another and
from biological matrix contaminants. The two most common
instruments used for separation in equine drug testing are the
gas chromatograph (GC) and the high performance liquid
chromatograph (HPLC). Separation on a GC is achieved utiliz-
ing a long flexible capillary column that contains a low 
polarity stationary phase (i.e. 95% dimethyl 5% diphenyl-
polysiloxanes). A programmed oven maintains the column at
the desired temperatures (i.e. 60–280°C) according to the
specific method. Following the extraction process, any analytes
contained in the original sample will be present in a small
volume of extraction solvent. An aliquot of each extracted
sample is injected into one end of the capillary column and
volatilized by heating. The volatilized sample is carried through
the column by the gas mobile phase, usually helium or hydro-
gen, which is maintained at a constant flow.5,6 As with any
other chromatographic method, compounds travel through
the column at different rates based on their physicochemical
properties. The capillary columns produce excellent resolution,
which is useful when trying to separate the complex matrix
typical of equine urine. In a well designed GC-MS method, the
chromatographic step provides sufficient separation to isolate
individual compounds, and the choice of chromatographic
column is the key to this separation. GC-MS systems,
configured for large volume injection (~50 �L), have been
demonstrated to be sensitive, precise, and rugged, making high
throughputs possible. Thus, these systems are ideal for screen-
ing for drugs that are extracted into the basic fraction, because
most of these agents are stable and volatile at the high temper-
atures used in GC-MS analysis.
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Fig. 65.4
A developed ELISA plate with a suspect sample depicted on
row E, column 7.The 96-well plate configuration allows the
analysis of 88 test samples and 8 reference standards, which
are shown on this plate in the column on the far left.



The use of HPLC to produce analyte separation prior to
mass spectral identification is rapidly becoming one of the
most widely used analytical methods in equine drug testing,
because it is applicable to a wide range of organic com-
pounds. By some estimates, 80% or more of organic com-
pounds can be separated by HPLC compared to only 20% by
GC. The HPLC techniques can separate many drugs that are
not amenable to GC separation, because they are too polar,
not volatile, or have very high molecular weights (> 700
atomic mass units). In HPLC analysis, a liquid mobile phase is
pumped under pressure through a column of microparticu-
late packings (typically 3–5 �m diameter), which serves as
the stationary phase. Compounds in the extracted sample are
carried in the mobile phase to the column, where they are
retained on the stationary phase. Numerous types of
microparticulate packing material can be used in the
columns, depending on the physicochemical properties of the
compounds that are to be separated. In general, different
compounds will have different affinities for the microparticu-
late column material, and so they will be retained on it for dif-
ferent periods of time. The length of time that a compound is
retained on the column, which is referred to as its retention
time, can also be controlled by varying the composition of the
mobile phase. For example, by making the mobile phase more
polar, the polar compounds can be eluted off the stationary
phase more quickly. There are two modes of HPLC separation,
normal-phase and reverse-phase. Nearly 90% of all applica-
tions use reverse-phase, in which the mobile phase is more
polar than the column packing material.

Mass spectral analysis

Following chromatographic separation, compounds isolated
from the sample are serially injected into the mass spectrom-
eter. The compounds first enter the ionization chamber where
they are bombarded with an electron beam that ionizes them,
causing the compounds to fragment into smaller molecules.
The fragments, as well as the original ionized parent mole-
cules, are then accelerated through a magnetic field and
focused into an analyzer that measures the mass to charge
ratio and abundance of each ion. A plot of the abundances of
the ions versus their mass/charge ratios is referred to as the
compound’s mass spectrum (Fig. 65.5). The most intense
peak in the spectrum is referred to as the base peak and all
other peaks are reported relative to its intensity. The highest
molecular weight peak in a spectrum will usually represent
the parent molecule, minus a single electron (ionized), and is
referred to as the molecular ion. The process of fragmenta-
tion follows predictable chemical pathways and the most
chemically stable ions will always be formed. Therefore, every
drug or medication has a unique mass spectrum in a manner
similar to every person having a unique set of fingerprints.
This is the reason that mass spectral identification is consid-
ered the gold standard for absolute drug identification during
the confirmation process.

If desired, the HPLC method can be designed to produce
complete separation of compounds before introduction to the
mass spectrometer. This allows for the analysis of very
complex mixtures, or samples with high matrix interference
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Electron impact full scan mass spectrum of albuterol-TMS derivative as determined by gas chromatography–mass spectrometry.



or very small drug concentrations. However, because of the
discriminating power of the mass spectrometer, a reduced
amount of resolution may be acceptable and will have the
added advantage of decreasing the time required for the
compounds of interest to elute off the column. This is partic-
ularly true in MS-MS operation, because the two-stage mass
analyzer provides an additional separation device.

The LC-MS ion trap mass spectrometers with an inline
photodiode array detector have been employed for the com-
bined acid/neutral fraction because this fraction by and large
contains compounds that are not volatile or are otherwise
unsuitable for GC-MS analysis. These ion trap methods are
rapid, sensitive, and very reliable, allowing for the detection of
corticosteroids, anabolic steroids, and other related drugs.

Miscellaneous testing methods

In addition to its use as a separation method prior to mass
spectral analysis, HPLC is also occasionally used as a screen-
ing and confirmation method in conjunction with several 
different types of detectors. Ultraviolet (UV) absorption is
probably the most common type of detection method used in
equine drug-testing programs, because it is both sensitive and
reliable with broad applicability. UV detectors are available at
fixed, selectable, and continuously variable wavelengths or as
diode-array detectors. Most commonly, HPLC with UV detec-
tion is used to determine the concentration of authorized
medications, such as NSAIDs, in serum or plasma samples.
Some laboratories, however, are still using these detectors to
screen acid extracts of equine urine samples for unauthorized
medications. The fluorescence detector measures the fluores-
cence of a drug or its derivative, if it does not naturally
fluorescence. It is generally very sensitive, but it is of limited
usefulness in drug-testing programs because only a few drugs
naturally fluoresce and because it is difficult and time con-
suming to make fluorescent derivatives. Electrochemical
detectors, which can only detect the limited number of sub-
stances that are electroactive at a particular electrode in
response to an applied potential, are not commonly used in
equine drug-testing programs.

Testing approaches

Pre-race testing

Since the 1960s, pre-race testing has been heralded as a solu-
tion to many of the drug and medication problems facing the
horse-racing industry. The rationale behind this approach is
to test all horses prior to racing in order to disqualify any
horse with an unauthorized drug or medication in its system.
Throughout the 1960s, 1970s and early 1980s, various
racing jurisdictions, including Maryland, Illinois, and New
York, conducted pre-race testing using a number of different
methodologies, including GC, HPLC, TLC, and ELISA. By the
1990s, however, except for bicarbonate analysis, pre-race

testing was largely abandoned in favor of post-race analysis for
a number of reasons. First, only blood samples can be obtained
in the short time period immediately prior to racing, and the
concentrations of many drugs in plasma are often not
detectable using current analytical methodology. Second, the
process is extremely expensive, because equipment and person-
nel have to be near the racetrack, and testing has to be con-
ducted during weekends and evenings to accommodate the
racing schedule. Finally, there are legal ramifications to dis-
qualifying a horse from a race based on only the results of a
screening test. These results are only presumptive and are not
considered definitive evidence of the presence of a drug or med-
ication. If further definitive testing, such as mass spectral
analysis, failed to confirm the presence of the drug, then an
argument could be made that the owner and trainer were
unjustly forced to withdraw the horse from the race. Despite
the limitations and difficulties of conducting pre-race testing, it
remains an attractive approach with regulators and owners,
because if successful it has the potential to prevent horses from
competing under the influence of unauthorized substances,
instead of penalizing the owner and trainer after the fact.

In Europe and Asia, pre-race testing is carried out for a
limited number of substances, such as anabolic steroids, prior
to large international events. Horses are sequestered upon
arrival and tested prior to selected sales and/or racing events.
The timeframe for the testing is such that both screening and
confirmation analysis can be completed on collected urine
samples. This practice allows racing authorities to strictly
control the use of these agents in horses in these jurisdictions
by disqualifying any animal from the sale or race that does
not meet their local criteria for medication control.

Alkalinizing substances

The oral administration of sodium bicarbonate or other alka-
linizing agents to horses just prior to racing is referred to as
‘milk shaking’. To control this practice, many racing jurisdic-
tions have established venous blood gas criteria for detecting
pre-race administration of alkalinizing agents. Blood samples
are collected from horses pre-race, as close to race time as
practical, and screened using a blood gas analyzer for bicar-
bonate or total carbon dioxide. Thresholds have been adopted
which represent the maximum serum concentrations of
these analytes that could occur naturally without the exo-
genous administration of bicarbonate. In the event that a
horse exceeds the threshold on race day, the horse is dis-
qualified from the event and the trainer may be fined and
have his or her license suspended. The process, however, is
not without controversy because the upper limits for normal
serum values for bicarbonate and total carbon dioxide are not
universally accepted.

Out-of-competition testing

To enforce the ban on the use of performance-enhancing
drugs, such as anabolic steroids and human recom-
binant erythropoietin (rHuEPO), in human athletics, 
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out-of-competition drug testing has become standard prac-
tice. This approach was adopted because the effects of some
drugs can persist beyond the length of time that current
testing methods can detect them in urine or blood samples. If
the goal of the drug and medication control program is to
strictly prohibit the use of a particular drug by athletes, then
out-of-competition testing is the only mechanism by which
this can be accomplished. Despite its acceptance in human
athletics, out-of-competition testing has not been generally
practiced in the horse racing industry for several reasons.
First, the drug and medication rules in most racing jurisdic-
tions are worded to prohibit the presence of any unautho-
rized drug or medication in the horse at the time of the race.
Most do not forbid or in any way limit what drugs are admin-
istered to the horse during the training period, as long as the
drug is not detectable in the post-race urine sample. In addi-
tion, out-of-competition testing would increase the cost of
administering a drug-testing program because more samples
would need to be collected and tested. Recently, however,
rumors of the use of rHuEPO have led to an exploration of
out-of-competition testing for race horses. Current testing
methods for rHuEPO limit the detection period to 48–72 h
after administration, although the effects of repeated admin-
istrations can last for weeks. Therefore, if the racing industry
and regulatory authorities determine that rHuEPO should be
banned from use in race horses, out-of-competition testing
will be the only feasible mechanism of controlling its use
until a more sensitive test can be developed.

Authorized medications

In recent years, many USA drug- and medication-control
programs have permitted a limited number of therapeutic

agents to be used in horses during competitions. The 
NSAID phenylbutazone is the most widely used authorized
medication. Other NSAIDs, such as flunixin, meglumine, 
and ketoprofen, are also authorized by some race- and 
show-horse medication rules and the diuretic furosemide
(frusemide) is allowed to be administered to horses suffering
from exercise-induced pulmonary hemorrhage (EIPH) in
most racing jurisdictions in North America. It is the desire of
these programs to control the use of these authorized med-
ications by limiting the amounts of the drugs that can be
administered. This limitation is achieved by adopting maxi-
mum serum concentration for authorized medications, such
as NSAIDs, as shown in Table 65.1. Most programs collect
blood samples ostensibly to regulate the use of authorized
medications.

Although NSAIDs are permitted in many jurisdictions in
the USA, in Europe and Australasia they are unauthorized
medications and their presence at any concentration is pro-
hibited in post-race samples. Recently published studies indi-
cate that environmental sources of NSAIDs may result in
detectable concentrations of those agents in equine urine
samples. For example, in one study ibuprofen was present in
urine samples collected from a horse that consumed feed that
had been prepared by someone with ibuprofen gel on their
hands.7 In another study, untreated horses housed in stalls
previously occupied by horses treated with therapeutic doses
of flunixin had detectable concentrations of that NSAID in
their urine for up to 14 days.8 The results of these studies
emphasize the importance of good barn hygiene. After
administering any medication, barn workers should thor-
oughly was their hands. If at all possible, horses being admin-
istered medications should by segregated from untreated
horses, and their stalls should be stripped and re-bedded once
treatment is terminated.
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State Phenylbutazone Flunixin Ketoprofen Meclofenamic Naproxen
acid

AZ,AL, CO, 5.0 �g/mL Not Not Not Not
FL, ID, IL, authorized authorized authorized authorized
IN, LA, MA,
MI, MN, NJ,
OH, OK,
OR,TX,
WA,WV
CA 5.0 �g/mL 0.5 �g/mL 0.05 �g/mL Not Not

authorized authorized
KY Not Not Not Not Not

regulated regulated regulated regulated regulated
MD 2.2 �g/mL Not Not Not Not

authorized authorized authorized authorized
NY < 2.0 �g/mL Not Not Not Not

authorized authorized authorized authorized
PA 5.0 �g/mL 0.1 �g/mL Not Not Not

authorized authorized authorized
USA 15.0 �g/mL 1.0 �g/mL 0.25 �g/mL 2.5 �g/mL 40.0 �g/mL
Equestrian

Table 65.1 Plasma regulatory limits for non-steroidal anti-inflammatory agents in US racing and show
horses



Furosemide

Furosemide (frusemide) is a loop diuretic that induces natri-
uresis, chloruresis, increased hydrogen ion excretion, and a
profound diuresis.9 These effects are mediated by the inhibi-
tion of Na+–K+–2Cl– transporters in the thick ascending
limb of the loop of Henle. Furosemide also has important
extrarenal effects. For example, it produces a significant
venodilation that appears to be mediated by stimulation of
prostaglandin and nitric oxide production.9,10 This effect
was dependent on the presence of a functional kidney but
not on the development of diuresis. Furosemide also has
been shown to prevent bronchoconstriction in humans and
ponies, an effect that may be mediated by decreased pro-
duction of inflammatory mediators.11–13 In addition,
furosemide was shown to improve gas exchange in anuric
humans suffering from severe pulmonary disease.14 The
improvement in gas exchange was due to furosemide-
induced decreases in ventilation–perfusion mismatches,
and not to changes in blood volume.

In all US and Canadian racing jurisdictions, furosemide is
considered an authorized pre-race medication, which can be
administered to horses that suffer from EIPH. Whether or not
furosemide is an effective therapy for EIPH, however, has yet
to be definitively proved. For example, in 1985 Pascoe et al.15

concluded that furosemide decreased the severity of EIPH in
race horses. That study, however, used an admittedly subjec-
tive grading scale to judge the severity of the disease, and the
results are therefore not conclusive. Nevertheless, if the
pathogenesis of EIPH is associated with the unusually high
pulmonary arterial pressures (>70 mmHg) that develop in
the horse during intense exercise, as has been proposed, then
there is evidence to support the use of furosemide as a thera-
peutic agent.16,17 For example, multiple studies have demon-
strated that furosemide decreases the peak pulmonary
vascular pressures that develop in horses during intense exer-
cise.18,19 The mechanism by which furosemide produces this
effect, however, is still unclear. The results of one study indi-
cated that the reduction in pressure could be partially
reversed by the administration of cyclooxygenase inhibitors,
whereas another study concluded that prostaglandin produc-
tion was not involved in the process.20,21 Another simple
explanation for the reduction in pulmonary arterial pressures
is the decrease in blood volume secondary to the profound
diuresis induced by furosemide.

Apart from any effects on the severity of EIPH, furosemide
has also been proposed to enhance the athletic performance of
horses. It is hypothesized that the diuretic-induced fluid losses
result in a moderate, but significant, weight loss in the horse,
which can enhance its athletic performance. In support of this
theory, in treadmill exercise tests carried out in horses that did
not suffer from severe EIPH, some parameters of exercise per-
formance improved following furosemide administration.22,23

These improvements, however, were reversed when fluid losses
were replaced by intravenous administration of equivalent
amounts of balanced electrolyte solutions. A field study carried
out by the same laboratory also concluded that superior per-
formances in races horses in the USA were associated with the

administration of furosemide.24 The North American racing
industries, as well as some in the scientific community, however,
have not generally accepted the results of this study, but given
its provocative conclusions this lack of acceptance is hardly
surprising.

In addition to the controversy regarding the effects of
furosemide on equine athletic performance, it has been pro-
posed that the dilute urine that follows furosemide adminis-
tration may interfere with the detection of other drugs.25,26

Therefore, the dose and timing of furosemide administration
are regulated to minimize the chance that urine samples col-
lected post-race will be dilute (i.e. urine specific gravity (SG) 
< 1.010). Most commonly, furosemide administration is
restricted to no more than 250 mg, administered intra-
venously no closer than 4 h to post time. Due to the wide 
variability of furosemide pharmacokinetics following i.v.
administration in horses, the use of serum furosemide con-
centrations alone is not an appropriate method to monitor
compliance with furosemide dosing regulations.25,27 The use
of urine SG measurements to monitor compliance is also
insufficient because of the wide range of SG measurements,
obtained in both untreated control and furosemide-treated
horses.27 Despite the limitations of each test individually,
screening for furosemide violations becomes much more
specific by combining measurements of both urine SG and
serum furosemide concentration.28 When a urine SG less
than 1.012 and a serum furosemide concentration greater
than 100 ng/mL are present simultaneously, the proportion
of horses expected to be erroneously classified as being in
violation of furosemide dosing regulations approaches 0%.

Drug and medication rules

The Association of Racing
Commissioners’ International

Association of Racing Commissioners’ International (ARCI)
is an organization consisting of racing regulators primarily
from the USA, Canada, and the Caribbean. The organization
has no enforcement power but rather encourages stand-
ardization by adoption of model rules and racing polices for 
a broad range of topics. The organization has adopted a
Uniform Classification Guideline for Foreign Substances 
consisting of five classes, and which currently lists over 800
agents.29 The classification scheme is based on the potential
for the agent to affect a horse’s athletic performance, and
whether or not it has a recognized therapeutic use. For exam-
ple, drugs listed in the Class 1 category are considered to have
the most potential to affect racing performance and have no
accepted medical use in the horse. In contrast, drugs listed in
the Class 5 category are therapeutic medications, which are
considered to have very little potential to affect athletic per-
formance. One limitation of the classification system is that 
it is based on the effects of the drugs on healthy horses. 
For example, the corticosteroid agents commonly used as
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intra-articular medications, such as methylprednisolone and
triamcinolone, are listed as Class 4 agents, which are
described as therapeutic agents with limited ability to
influence performance. Although intra-articular corticos-
teroids may have limited potential to alter the performance of
a sound horse, they have enormous potential to alter the per-
formance of a horse with an inflamed, arthritic joint.30,31

The ARCI has also adopted recommended penalties for vio-
lations based on the classification system. It does not,
however, have the power to force states to adopt the guide-
lines or the model rules. Although few states have adopted
the program in its entirety, states have used portions of it
when drafting their own drug and medication rules.

Fédération Equestre Internationale

The FEI is the governing body recognized by the International
Olympic Committee. It establishes the rules and regulations,
including those for medication use, under which the inter-
national equestrian disciplines of Jumping, Dressage, Event-
ing, Vaulting, Driving and Endurance Riding compete. The
organization was founded in 1921, and as of 2002 some 
130 countries were members.

The stated objective of the FEI drug and medication rule 
is to protect the integrity of equestrian sports through con-
trolling the use of substances capable of giving a horse an
advantage or disadvantage in an event, contrary to its
natural abilities.3 The FEI considers a prohibitive substance to
be any agent capable at any time of acting on one or more of
the following mammalian body systems: the nervous system,
the cardiovascular system, the urinary system, the reproduc-
tive system, the musculoskeletal system, the blood system,
the endocrine system, the immune system (other than
licensed vaccines), the digestive system (other than the orally
administrated antiulcer medications omeprazole and raniti-
dine) and the skin. An extensive list of specific prohibited
agents is approved each year. The medication rule states that
the finding of a prohibited substance means the detecting of
the substance itself, a metabolite of the substance, an isomer
of the substance, or an isomer of a metabolite.3 In addition,
the finding of any biological or scientific indicator of admin-
istration or other exposure to a substance is equivalent to the
detection of the substance itself. This latter aspect of the rule
allows for methods of detection that do not specifically iden-
tify the substance itself, but rather detect some secondary
physiological change that occurs following its administra-
tion.

The list of medications not considered prohibited sub-
stances is quite short and includes rehydration fluids, oxygen,
antibiotics, and antiparasitics. There are limitations, how-
ever, as to how and when even these agents can be admin-
istered, so veterinarians must consult with the FEI Veterinary
Delegate prior to treating any horse in an FEI event.

As discussed below, the FEI, as well as many other regula-
tory bodies, have adopted thresholds on a number of different
substances. Unlike many other drug and medication rules,
however, the FEI strictly limits the type of substances for

which thresholds may be adopted. Their rule states that
thresholds can only be adopted for substances endogenous to
the horse, substances arising from plants traditionally grazed
or harvested as equine feeds, and substances in equine feed
arising from contamination during cultivation, processing,
treatment, storage, or transportation.3

USA Equestrian

Formerly known as the American Horse Show Association,
USA Equestrian is the largest regulatory organization for show
horses in the USA. It is a member of the FEI and serves as the
national governing body for the US Olympic Team, and also
oversees much lower-caliber horse shows and events.
Numerous riding and breed disciplines compete under the
USA Equestrian umbrella, including Arabian, Eventing, Con-
nemaras, Reining, and Vaulting. USA Equestrian has two drug
and medication rules and each discipline chooses under which
rule they wish to compete. The No Foreign Substance Rule is
the same as the FEI medication rule and currently only FEI
and the Endurance Riding events are conducted according to
its provisions. The remaining disciplines compete under the
Therapeutic Substance Rule. This rule is considered more per-
missive than the No Foreign Substance rule. Under this rule,
forbidden substances are any stimulant, depressant, tranquil-
izer, local anesthetic, or psychotropic agent and/or drug that
might affect the performance of a horse and/or pony or any
metabolite and/or analogue of any such substance except
where expressly permitted.4 Unlike the No Foreign Substance
Rule, the Therapeutic Substance rule allows for a number of
permitted medications to be present in the horse’s system
during an event or show. For example, up to two NSAID agents
are allowed to be administered to a horse, as long as the
plasma concentrations do not exceed the specified maximum
permitted limits.4 The NSAIDs that are currently permitted
and their respective maximum allowed serum concentrations
are shown in Table 65.1. The Therapeutic Substance rule also
allows the use of the muscle relaxant methocarbamol in show
horses, as long as the plasma concentration does not exceed
4.0 �g/mL. USA Equestrian does not, to the authors’ knowl-
edge, provide a definitive list of forbidden substances, but will
generally address practitioners’ questions regarding non-
permitted medications and provide withdrawal guidelines
whenever possible.

Factors affecting detection
times and withdrawal times

Commonly, veterinary practitioners want to know with-
drawal times (how long before an event or race they should
discontinue treatment) for medications to avoid having a
horse test positive for that agent. Unfortunately, it is very
difficult for laboratories to generate accurate withdrawal
times for therapeutic medications because many different
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factors can affect their detection times (how long a drug is
detectable in a sample after administration). Probably the
most important factor in the detection time of a medication is
the sensitivity of the testing method that is being used by the
laboratory. As discussed previously, there are large variations
in the LOD for different analytical methods. For example, in
general, TLC is much less sensitive than instrumental or
ELISA analysis. Therefore, a detection time for a medication
tested for by TLC in one laboratory would be significantly
shorter than the detection time determined by another labo-
ratory that used instrumental analysis as their testing
method. Even if the same technique is used, differences in
sample preparation can result in higher or lower analyte
recoveries that can ultimately affect the detection time.

In addition, many other factors outside of the laboratory
also affect detection times. For example, the higher the
administered dose, generally the longer the detection time. In
addition, some drugs, such as clenbuterol and isoxsuprine,
accumulate in the body and after several days of administra-
tion, drug residues can persist in urine samples for 30 days or
longer. There can also be large variations in the clearance
rates of many drugs between different horses. The actual
withdrawal time for a specific medication in a particular
horse may be substantially different than the laboratory’s
estimated time, because laboratories often base their with-
drawal times on data from only one or two horses. In
summary, although many laboratories will provide with-
drawal times to veterinarians, these should be used only as
guidelines.

Thresholds, reporting levels,
and cutoffs

As analytical chemistry methodology has improved, the
smallest amount of a drug or medication that can be detected
in bodily fluids has progressively decreased. Currently, the
LOD in urine for most substances of concern are in the low
ng/mL range. As a result of this sensitive testing, the use of
drugs and medications in equine sports is considered by
many to be well controlled. The side-effect of this sensitive
testing, however, is also the detection of substances that were
not purposely administered to the horse. In some situations
these agents are contaminants in the horse’s environment.
For example, theobromine can be found in cocoa husks, and
scopolamine and atropine occur naturally in many plants 
in the Datura genus. In addition, it is now recognized that
some substances thought to be exogenous synthetic agents
are actually endogenous, albeit usually only produced in 
very small amounts. For example, both hydrocortisone and
nandrolone are now recognized as naturally occurring 
hormones.

As a result of the sensitive testing and the recognition that
some substances may be endogenous to the horse or contam-
inants in its environment, almost every organizational body
that regulates equestrian activities has adopted thresholds or

cutoffs for a number of substances. The philosophy is to
prevent horses from competing under the influence of unau-
thorized medications, while still allowing veterinarians to
provide the best-quality medical care possible to equine ath-
letes. Horses may compete in sanctioned events with the pres-
ence of these substances in their tissues, body fluids, or
excreta provided the concentration of the substance does not
exceed the predetermined threshold value. Table 65.2 lists a
number of thresholds accepted by many regulatory bodies.

A few regulatory agencies have taken the idea of thresh-
olds a step further and adopted reporting limits on therapeu-
tic medications. The California Horse Racing Board, for
example, has adopted urinary decision levels or thresholds on
the eight medications and environmental contaminants
shown in Table 65.3. The rationale behind the adoption of
these levels is to allow veterinarians to administer therapeu-
tic medications to the horse up to 48 h before a race without
concern that residues of those administrations will result in
positive analytical findings in post-race urine samples.
Although it is likely that the urine concentrations of these
agents are not associated with significant pharmacological
activity, definitive evidence of this is lacking for some of these
agents. Although some racing jurisdictions, especially those
in Europe, have been critical of this approach, a number of
others in the USA, including Washington and Ohio, have fol-
lowed suit and adopted similar decision levels for therapeutic
medications.
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Contaminating Concentration
substance

Dimethyl sulfoxide 15 �g/mL in urine or 1 �g/mL in plasma
Arsenic 3 �g/mL in urine
Hydrocortisone 1 �g/mL in urine
Salicylic acid 750 �g/mL in urine or 6.5 �g/mL in

plasma
Testosterone 0.02 �g free and conjugated/mL in urine

from geldings, and
0.055 �g free and conjugated/mL in fillies
and mares (unless in foal)

Theobromine 2 �g/mL in urine

Table 65.2 Internationally accepted serum or urine threshold
concentrations

Substance Concentration

Acepromazine 25 ng/mL
Mepivacaine 10 ng/mL
Promazine 25 ng/mL
Albuterol 1 ng/mL
Benzocaine 50 ng/mL
Procaine 10 ng/mL
Salicylates 750 �g/mL

Table 65.3 Urine threshold concentrations adopted by the
California Horse Racing Board for therapeutic medications and
environmental contaminants



Drugs in dispute

Recombinant proteins

The tremendous advances in molecular biology that have
occurred in recent years have led to the commercial produc-
tion of numerous recombinant proteins and hormones for
use in treating many different types of diseases. Although
most of these products are of human origin, such as rHuEPO,
at least one equine product, recombinant growth hormone
(rEqGH), is already available. Recombinant hormones are
particularly difficult medications to control using traditional
drug-testing methods for a number of reasons. First, al-
though ELISAs can be developed for these recombinant pro-
teins, routine mass spectrometry methods used in the
confirmation process are not suitable for protein analysis.
Second, the recombinant hormones are difficult, if not
impossible, to distinguish from their endogenous counter-
parts. Obviously, equine recombinant proteins may be identi-
cal to the endogenous hormone, but because many proteins
have a high degree of homology across species, it may also be
difficult to distinguish a human recombinant hormone from
its equine endogenous counterpart. Finally, because many of
the effects of these hormones persist for weeks after adminis-
tration, most of these agents would be used primarily during
the training process, as opposed to during the competition.
Therefore, the concentration of the hormone in urine or
serum samples collected during a competition is likely to be
small, making detection and confirmation difficult.

To control the use of these medications, significant
changes in the traditional approaches and analytical
methods of drug testing will be necessary. For example,
rEqGH is indistinguishable from endogenous equine GH and
has a very short serum half-life. Therefore, it would be very
difficult to effectively control the use of rEqGH by adopting a
maximum permissible serum growth hormone concentra-
tion consistent with a normal physiological level of the
hormone. Exogenous administration of rEqGH, however, is
also associated with an increase in the serum concentration
of insulin-like growth factor-1 (IGF-1). It has been proposed
that IGF-1 can serve as an indirect marker of rEqGH admin-
istration, with serum threshold concentrations of IGF-1
greater than 800 ng/mL being indicative of the administra-
tion of rEqGH.32

In addition to using non-traditional approaches, the use of
alternative confirmatory methods, such as isoelectric focus-
ing or new mass spectrometry methods, for protein sequenc-
ing may be needed to detect administration of recombinant
proteins. For example, in June of 2000 Lasne and de Ceaurriz
published a method that could differentiate endogenous
human EPO from the rHuEPO protein.33 This isoelectric
focusing method capitalized on the subtle differences in the
sialylation (sialic acids in the glycolylated side chains)
between the recombinant and the endogenous human
hormone that resulted in unique isoelectric points (pI). In
addition, if regulators want to control the use of these sub-

stances during training they must develop a protocol for out-
of-competition testing, similar to what is used for human
Olympic competitors, due to the difficulty of detecting these
agents on the day of a competition.

Anabolic steroids

Many drugs and hormones, such as �2-agonists, insulin,
growth hormone, and androgenic and estrogenic steroids, can
induce a positive nitrogen balance in the body and are therefore
said to have anabolic effects. In practice, however, the andro-
genic steroidal agents, which are similar in structure to testos-
terone, are the drugs most commonly used when anabolic
effects are desired. Although testosterone is the most potent of
these agents, it also produces the most androgenic effects.
Synthetic agents are therefore often preferred, because
modifications in their chemical structure have decreased their
androgenic effects in favor of anabolic activity. Anabolic/andro-
genic steroids were first used in the 1940s to improve recovery
from starvation, and major injuries and surgery.34 Although
their use today in human medicine is severely limited, they are
still widely used in horses in North America. For example, while
they are approved for use in debilitated, starved, or severely
stressed animals, they are commonly administered to horses
undergoing race or event training, at least in part to maintain
their appetite and vigor.

In many human amateur sports, the use of anabolic
steroids is strictly forbidden and rigorous out-of-competition
testing is used to enforce the ban. Most of the general public
assumes that equine athletic events are carried out under
similar auspices. Although this is true in Europe and
Australasia, this is not the case in North America. The expla-
nation for this dichotomy is both philosophical and analyti-
cal. For example, in 1988 the European Community issued 
a directive banning the use of anabolic steroids in all meat-
producing animals, which included the horse. This directive
essentially eliminated all legal formulations of anabolic
steroids for use in large animals throughout Europe.35 The
racing industries in Europe and Australasia supported the
ban on the use of anabolic steroids in horses, primarily out of
concern for the potential performance-enhancing effects of
these agents. In response to these events, racing laboratories
in these jurisdictions developed sensitive ELISA screening
tests and GC-MS confirmatory methods to control the use of
anabolic steroids. In contrast, in North America anabolic
steroids are still used as growth-promoting agents in food-
producing animals and multiple formulations are available
and approved for use in the horse. In addition, the racing
industry in North America has traditionally not supported
tighter regulations on the use of anabolic steroids and the
regulators have not viewed them as agents with significant
potential to alter a horse’s racing performance. For example,
anabolic steroids are listed as Class 4 agents by the ARCI Drug
Classification Guideline, which indicates that they are consid-
ered therapeutic medications with less potential to affect per-
formance than drugs in Classes 1 through 3. Partly because
of their classification, drug-testing laboratories in North
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America have not developed or implemented sensitive testing
methods for anabolic steroids. Recently, many of the breeders
of performance horses in North America have begun to
express concern over the rampant use of anabolic steroids
and their possible detrimental effects on the integrity of
the breed. Whether or not this concern eventually spreads
throughout the racing industry remains to be deter-
mined.

Morphine

Opiates, such as morphine, are commonly used as analgesics
and preanesthetic drugs in many species, including man. In
horses, however, opiates can cause central nervous system
stimulation and are therefore used only occasionally, and
then generally in combination with sedatives or tranquiliz-
ers.36 Morphine, however, has occasionally been detected in
urine samples collected from horses after racing. Typically,
the concentrations of morphine found in these post-race
urine samples are less than 50 ng/mL, and in most cases
morphine is not present in detectable concentrations in the
corresponding plasma samples. The presence of any opiate at
any concentration in post-race urine samples, however, is of
concern to racing authorities, because in the past these drugs
have been administered to horses in illicit attempts to
enhance their racing performances.

The opiate morphine is derived from the opium poppy,
Papaver somniferum, a plant native to the Far and Middle East
but widely cultivated throughout the world. In addition,
seeds of the plant are commonly imported into many coun-
tries for use in baking. The poppy plant and seeds contain
variable amounts of naturally occurring opiates, such as
morphine, codeine, and thebaine. It has been well docu-
mented that the consumption of poppy seeds by human 
subjects, generally in the form of baked goods, can result 
in the excretion of detectable concentrations of morphine in
urine.37–39 There are several ways in which horses could
inadvertently consume poppy seeds. For example, bakery
byproducts, which could contain poppy seeds, are occasion-
ally used in the preparation of animal feeds. In addition,
bakery products, such as bagels and muffins, are sometimes
fed to horses as treats.

In one study that used GC-MS methodology, morphine was
present in detectable concentrations for up to 24 h in urine
samples collected from horses following administration of
1, 5, and 10 g of poppy seeds that contained approximately
73 �g of morphine per gram of seeds.40 As shown in 
Fig. 65.6, 1 g is not a large volume of poppy seeds. In this
same study, plasma samples collected up to 4 h after adminis-
tration of 10 g of poppy seeds also contained detectable con-
centrations of conjugated morphine metabolites. In a
different study, morphine was also detected in urine samples
collected from horses administered 2 g of poppy seeds.41

Besides poppy seeds, it is also possible that analytical
findings of morphine in post-race urine samples could result
from contamination of the horse with either illegal opiates,
such as heroin, or prescription medications, such as mor-

phine or codeine, which is metabolized to morphine.42

In humans, a unique minor metabolite of heroin, 6-mono-
acetylmorphine has been identified, but it has not been deter-
mined whether horses also produce this metabolite.42 In
addition, in most regulatory situations the concentrations of
morphine and its major metabolites found in urine samples
are quite small, and it would be unlikely that minor metabo-
lites would be present in detectable concentrations. Of
course, it is also possible that analytical findings of morphine
in post-race urine samples are the result of the purposeful
administration of morphine or other opiates to the horse.
Thus, although there is growing evidence that there are
multiple possible sources of morphine in a horse’s environ-
ment, at this time it is not possible to distinguish the source of
low-level morphine positives in post-race urine samples.

Cocaine

Current drug-testing methods for detection and confirmation
of the primary metabolites of cocaine, benzoylecgonine (BZE)
and ecgonine methyl ester (EME) are extremely sensitive. For
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Fig. 65.6
One gram of poppy seeds shown in comparison to a US dime.

Fig. 65.7
Two and a half milligrams of analytical grade cocaine powder
shown in comparison to a US dime.



example, when four horses were administered 2.5 mg of
cocaine sublingually, urine samples contained detectable
concentrations of BZE for up to 24 h postadministration
(unpublished data). As shown in Fig. 65.7, this amount of
cocaine is quite small and could conceivably be consistent
with the residue left on a cocaine abusers hands. At the
present time, only the Ohio and Louisiana Racing Com-
missions have officially adopted a urinary threshold of
150 ng/mL for BZE, the primary cocaine metabolite. In other
racing juridictions, regulatory authorities are understand-
ably reluctant to overlook contamination with illegal drugs.
In addition, it is not possible to determine whether the source
of a cocaine metabolite finding is contamination or the
purposeful administration of cocaine to the horse.

Nutraceuticals

The world of human sport provides numerous examples of
the hazards of nutraceuticals. For example, multiple athletes
in the 2002 Winter Olympics claimed that positive tests for
nandrolone resulted from consumption of nutraceuticals
contaminated with the steroid. These same hazards exist for
competitive equine athletes subjected to drug testing. For
example, in California in 2000, a herbal supplement that
contained small amounts of ephedrine and pseudoephedrine
was identified as the source of exposure for numerous positive
post-race analytical findings for norpseudoephedrine and
phenylpropanolamine (unpublished data). The label for the
product did not indicate that it contained any unauthorized
medications. Unfortunately, quality control for many of these
products is lacking and the presence or absence of contami-
nating unauthorized substances may vary from batch to
batch.

Methylxanthines

Caffeine, theobromine, and theophylline are all examples of
methylxanthine agents. Best known for their mild stimula-
tory effects on the CNS, these agents also have a number of
other systemic effects including bronchodilation, diuresis,
and in humans increases in the skeletal muscle workload
capacity.43 The results of several studies indicate that caf-
feine, in particular, may enhance certain types of athletic
performance in humans. For this reason, regulators have
often viewed the finding of even small amounts of methyl-
xanthines in post-race urine samples as serious infractions of
drug and medication rules. These agents, however, are 
pervasive in the horse’s environment and opportunities 
for inadvertent contamination abound. Sodas, chocolate,
coffee, and tea all contain varying amounts of caffeine 
and theobromine. In one study, horse’s administered 10
peanut M&Ms, which are peanuts covered in chocolate 
and a thin candy shell, had detectable concentrations of
theobromine and caffeine in their urine samples for up to
48 h.44

In some situations, trainers may not be aware that they
are administering caffeine-containing substances. For

example, in California in the 1990s a number of horses had
detectable concentrations of caffeine in their post-race urine
samples and the source of the drug was traced to an elec-
trolyte supplement (unpublished data). The supplement con-
tained guarana extract, which is a plant that naturally
contains caffeine, although the label gave no indication that
the product contained caffeine. Trainers and veterinarians
need to be especially wary of any supplement that claims to
have energizing effects as these often contain unauthorized
substances, such as caffeine, even though the label may not
indicate its presence.

Summary

Drug-testing programs are implemented in order to enforce
drug and medication rules. Most programs consist of a two-
part testing process, which utilizes urine as the primary
sample type. All samples are tested in a preliminary screening
process and any samples with suspicious results undergo an
additional round of confirmatory testing.

The most common drug violations in equine drug-testing
programs are overdosages of authorized medications.
Veterinarians need to be aware of the drug and medication
rules under which their clients compete and need to follow
recommended withdrawal guidelines to avoid unintended
positives.
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that in almost all cases the statistical power to detect a mean-
ingful difference was inadequate. Demonstration of an effect
is useful, but failure to detect an effect in such studies does
not mean that the drug under study has no effect on per-
formance that is meaningful in competition. For an effect of
performance to be apparent when numbers of experimental
subjects are small, the effect of the drug must be large and
repeatable. The most meaningful test of drug effects on per-
formance is undertaken using large numbers of horses (100s
to 1000s) competing under conditions that mimic the condi-
tions of interest. There are obvious financial and logistical
shortcomings to this approach, although it is feasible under
certain conditions.

Another approach has been to predict the effect of a drug
on performance based on its effects in resting horses. This
approach may be reasonable for drugs that have profound
effects, for instance tranquilizers or sedatives used at thera-
peutic doses, but is of no use for most compounds. There has
been no demonstration that drug effects, such as measured
by spontaneous locomotory activity or physiological vari-
ables including heart or respiratory rates, detected in resting
horses are of any use in predicting effects on performance.

Diuretics

Furosemide

Furosemide (frusemide) administration on the day of racing
as prophylaxis for exercise-induced pulmonary hemorrhage
(EIPH) is permitted in a number of racing jurisdictions world-
wide (Fig. 66.1).2 Within the USA and Canada, almost all
Thoroughbred, Standardbred and Quarter Horse racing
jurisdictions permit administration of furosemide before
racing. During the late 1990s, approximately 85% of all
Thoroughbred race horses in the USA and Canada received
furosemide at some stage of their career and, on average,
75% of horses in a race received furosemide.3 These propor-
tions do not appear to have declined, making furosemide

Pharmacological agents can be administered to performance
horses for a number of reasons. Drugs may be administered
to treat an existing condition, which may or may not impair
the horse’s performance. Additionally, drugs may be adminis-
tered so that the apparently normal horse can attain stan-
dards of athletic performance greater than would be attained
without the agent or, conversely, with the intention of
decreasing performance. The Association of Racing
Commissioners International has compiled a catalog in
which drugs are categorized based on their ability to affect
performance of race horses.1

Detection of drug effects on performance is difficult for a
number of reasons. First, winning margins in many athletic
events are small compared to the duration of the event.
Consequently, small drug effects have the potential to
influence performance. Second, small drug effects are difficult
to detect experimentally because of the large variability 
in performance. Detection of a 1% improvement in per-
formance, which would equate to almost five lengths in a
Thoroughbred race, is experimentally very difficult. Studies to
detect such a small effect must be designed so that the statis-
tical power to detect a small effect on performance is op-
timized. Detection of such effects requires use of large
numbers of horses performing under standardized condi-
tions. A shortcoming of many studies of drug effects on the
performance of horses has been inadequate statistical power
as a result of use of small numbers (e.g. six) of horses. Failure
to detect an effect of the drug in such instances does not
mean that the drug does not have an effect – it simply means
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among the most widely used drug in race horses in these
regions. Although accurate numbers are not available, it
appears that a smaller proportion of Standardbred and
Quarter Horse race horses receive furosemide before racing.
Furosemide was administered to 22–32% of Standardbred
race horses and 19% of racing Quarter Horses in two racing
jurisdictions in the USA.4–6

Pharmacokinetics and mechanism of action

Furosemide is rapidly eliminated by horses, having �, �, and
� half-lives of 5.6, 22.3, and 159 min, respectively.7 The
elimination half-life of furosemide is longer after intramuscu-
lar administration.8 The majority of intravenously adminis-
tered furosemide is eliminated unchanged in the urine within
4 h.9 Furosemide inhibits chloride transport in a number of
tissues, including the thick ascending limb of the loop of
Henle, vascular smooth muscle, and tracheal epithelium by
binding to the chloride binding site of the Na+–K+–2Cl–

cotransporter. Furosemide may also exert some of its phar-
macologic effects by increasing prostaglandin production, 
as evidenced by the antagonistic effect of drugs, such as
phenylbutazone, that inhibit prostaglandin production.10,11

Furosemide produces a diuresis, natriuresis and chloruresis
in horses,12–16 through inhibition of the reabsorption of
sodium and chloride in the thick ascending limb of the loop of
Henle.17 Urine production during the 4 h after furosemide
administration (1 mg/kg, i.v.)to horses averages 25 mL per kg
bodyweight.15,18 The furosemide-induced diuresis decreases
plasma volume of resting horses denied access to water.18,19

Furosemide administration is associated with increased
consumption of both salt and water in horses.20

Natriuresis, kaliuresis, and chloruresis is profound after
furosemide administration to horses. Urinary sodium ex-
cretion increases from 8 mmol to 1629 mmol per 3 h and
urinary potassium excretion increases from 222 mmol 
to 556 mmol per 3 h after intravenous administration of
1 mg/kg bodyweight of furosemide.15 Similarly, intra-
muscular administration of furosemide (1 mg/kg) increases
sodium excretion by six-fold, potassium excretion by two-fold
and chloride excretion by 15-fold over the subsequent 8 h.14

Associated with increased urinary excretion of these electro-
lytes are reductions in plasma concentrations of potassium,
chloride, calcium, and hydrogen. Sodium concentrations are
unchanged following furosemide administration to horses.14

Furosemide administration results in increases in venous pH,
PCO2, TCO2 and bicarbonate concentration.5,14,21 Furosemide
administration results in a transient decline in urine pH.14

Cardiovascular effects

In addition to its effect on the kidney, furosemide also affects
the cardiovascular and respiratory systems. Intravenous
administration of furosemide causes an immediate and
significant dose-dependent decrease in right atrial pressure,
pulmonary arterial pressure, pulmonary arterial wedge pres-
sure, cardiac output, and stroke volume in standing
horses.16,22,23 Furosemide also modifies the hemodynamic
response to exertion in both horses and ponies. Running is
associated with marked changes in cardiovascular function
in horses. Cardiac filling pressures increase during exercise;
mean left atrial pressures exceed 70 mmHg, and mean right
atrial pressures exceed 40 mmHg during intense exertion
(Chapter 32). Similarly, mean pulmonary artery pressure may

1269
66 Drug effects on performance

Furosemide (frusemide) use not permitted

Furosemide (frusemide) use permitted

Fig. 66.1
Map showing those
countries in which
administration of
furosemide (frusemide) to
horses before racing is
permitted by the rules of
racing.2



exceed 80 mmHg, systolic pulmonary artery pressures may
exceed 100 mmHg, and pulmonary artery wedge pressure
increases from resting values of approximately 18 mmHg to
56 mmHg or higher during intense exertion. Administration
of furosemide results in a significant attenuation of the exer-
cise-induced increase in pulmonary vascular pressures,
including pulmonary capillary pressure, and right atrial pres-
sure of horses.22,24–28 Administration of furosemide
(2 mg/kg) reduces pulmonary artery and right atrial pres-
sures during strenuous exercise by 16 and 31%, respectively,
of values observed when the horses are not treated.22

Similarly, furosemide administration reduces pulmonary cap-
illary and pulmonary wedge pressures during exercise to 36
and 28 mmHg, respectively, from 41 and 35 mmHg in
untreated horses.25 A similar effect of furosemide is reported
in other studies using different measurement techniques,
although the absolute values for estimated pulmonary capil-
lary pressure were higher.28 The hemodynamic effects of
furosemide are dose dependent,8,22 although this effect is not
consistently reported for exercising horses.29

The effect of furosemide on systemic hemodynamics in
rats, dogs and humans is attributed to an increase in venous
compliance.30–32 However, higher concentrations of furo-
semide than those achieved in plasma of horses after admin-
istration of routine doses are required to exert a direct
relaxant effect on preconstricted canine pulmonary vessels.33

This finding is consistent with the conclusion that in horses
the hemodynamic response to furosemide is almost entirely
attributable to the diuretic effect and subsequent reduction in
plasma volume.24,34,35

Administration of furosemide to horses results in a rapid
and profound decrease in plasma and blood volume.18,19 In
horses not provided with access to water after the adminis-
tration of furosemide, the reduction in blood and plasma
volume persists for at least 4 h.18,19 Based on measurement of
plasma total protein concentration or hematocrit, the reduc-
tion in plasma volume persists during brief, intense exercise
performed 4 h after furosemide administration.22,24,36,37 The
reduction in plasma volume is temporally associated with
attenuation of exercise-induced increases in pulmonary
artery and right atrial pressure and with a reduction in pul-
monary artery and right atrial pressure in standing
horses.22,23,34 Furthermore, restoration of plasma volume by
intravenous infusion of isotonic, polyionic fluids prevents the
furosemide-induced decreases in right atrial pressure in
sedentary horses and attenuation of exercise-induced
increases in pulmonary artery and right atrial pressures in
strenuously exercising horses.24,34 It is likely that furosemide
exerts its hemodynamic effect in horses primarily through a
reduction in blood and plasma volume.

Furosemide has bronchodilatory activity in ponies with
recurrent obstructive airway disease (‘heaves’) when admin-
istered intravenously and by nebulization. Furosemide
increases dynamic compliance and decreases pulmonary
resistance, but does not affect PaO2 or PaCO2.38 Dynamic com-
pliance and pulmonary resistance of normal ponies are not
affected by furosemide.38 The bronchodilatory effect of
furosemide in horses with heaves is blocked by prior adminis-

tration of flunixin meglumine.39 Furosemide administration
(1 mg/kg) by inhalation to healthy horses 2 h before intense
exercise on a treadmill does not affect respiratory mechanics
or arterial blood gas tensions, indicating that in normal
horses furosemide does not exert a bronchodilatory effect
during exercise.40

Interaction with non-steroidal 
anti-inflammatory drugs

Indometacin and other non-steroidal anti-inflammatory
drugs (NSAIDs) inhibit the diuretic, natriuretic and chlor-
uretic responses to furosemide in laboratory animals and
humans.41,42 The mechanism of this interaction is inhibition
of loop prostaglandin synthesis; indometacin does not inhibit
the tubular secretion of furosemide.42 Phenylbutazone,
administered in high doses (8.8 mg/kg, q12 h for two doses,
one oral and the second intravenous), inhibits the cardiovas-
cular and renal effects of furosemide in standing horses.11,16

Furosemide-induced reductions in right atrial pressure and
increases in diuresis, natriuresis, and chloruresis are attenu-
ated by phenylbutazone administration. Phenylbutazone
reduces by 25% the amount of furosemide excreted in the
urine, but does not affect the efficacy of excreted furosemide,
indicating that in horses phenylbutazone does not influence
the activity of furosemide in the renal tubule.11 The mecha-
nism of phenylbutazone’s antagonism of furosemide’s renal
and hemodynamic effects in horses is likely a result of the
reduction in diuresis.35

The effect of prior administration of phenylbutazone or
flunixin meglumine on the hemodynamic effect of furo-
semide in exercising horses is unclear, with conflicting results
reported. Administration of phenylbutazone (4 mg/kg i.v.) or
flunixin meglumine (1.1 mg/kg, i.v.) before exercise and
before administration of furosemide abolishes the effect of
furosemide on right atrial and pulmonary artery pressures
during exercise.43 However, others have not detected an effect
of flunixin meglumine administration (1.1 mg/kg q8 h for 
3 days, i.v.) on the furosemide-induced attenuation of
increases in pulmonary vascular pressures during exercise.44

The differing results likely reflect different experimental pro-
tocols and measurement techniques. The weight of evidence
from both horses and other species supports an effect of non-
steroidal anti-inflammatory drugs in attenuating the renal
and cardiovascular effects of furosemide.

Furosemide and exercise-induced
pulmonary hemorrhage

Furosemide is the most commonly used drug to prevent or treat
EIPH.45 The pathogenesis of EIPH and treatment of EIPH are
reviewed in Chapter 29. The efficacy of furosemide in treatment
of EIPH is uncertain. While field studies of large numbers of
horses do not demonstrate an effect of furosemide on the preva-
lence of EIPH,46,47 studies of Thoroughbred horses running on
a treadmill provide evidence that furosemide reduces the sever-
ity of EIPH.48,49 Under field conditions, based on tracheobron-
choscopic evaluation of the severity of bleeding, furosemide has
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been reported to reduce or have no influence on the severity of
bleeding.47,50 The apparent inconsistency between field studies
and those conducted on horses running on a treadmill may be
attributable to measurement of red blood cell counts in bron-
choalveolar lavage fluid of horses that have run on a treadmill
not being representative of effects of furosemide under field con-
ditions. The weight of evidence from field studies does not
support a role for furosemide in preventing or reducing the
severity of EIPH.

The mechanism by which furosemide may reduce the
severity of EIPH is unknown although it is speculated that
furosemide, by attenuating the exercise-induced increase 
in pulmonary artery and pulmonary capillary pressure 
of horses, reduces the frequency or severity of pulmonary
capillary rupture.25,51

Effect on performance

The widespread use of furosemide in race horses raises the
question of the effect of furosemide on performance. A
number of studies have attempted to address this issue,
although most were hindered by low statistical power
because of the small number of horses examined. Small dif-
ferences in speed, that may have an important effect on the
outcome of a race, are difficult to detect unless large numbers
of horses are examined. The studies in which no effect of
furosemide was detected examined either small numbers of
horses or analyzed race times collected retrospectively and
not corrected for variables that may have affected speed.8,52

In contrast, studies with adequate statistical power demon-
strate clearly that furosemide administration before racing is
associated with superior performance in both Thoroughbred
and Standardbred race horses.3,4,46,53

The effect of furosemide on performance is not consistent
within and among studies with the effect of furosemide
varying depending upon breed, sex, quality of horse, age, and
length of the race, among other factors. Furosemide adminis-
tered to Thoroughbred horses with EIPH resulted in a
decrease in race times corrected for track variant and length
of the race in horses in the higher of two value categories.53

Speed was compared in five races before diagnosis of EIPH
with that of five races immediately after diagnosis of EIPH.
Horses were administered furosemide before each of the races
after the race in which EIPH was diagnosed. Diagnosis of
EIPH and administration of furosemide were associated with
a significant reduction in adjusted race times. It is likely that
furosemide caused the reduction in race times after diagnosis
of EIPH but the effect of other treatments is unknown.
Importantly, diagnosis of EIPH and furosemide administra-
tion did not affect race times in the horses of lower value with
EIPH nor in any of four groups of horses with epistaxis.53

Thus, the effect of furosemide in this study was not consistent
and an effect of other factors associated with the diagnosis of
EIPH cannot be excluded.

Similarly, Sweeney et al examined the effect of furosemide
on corrected racing times of 79 Thoroughbred horses that
did not have EIPH.46 Horses raced on three occasions and
received furosemide before the second race only. Geldings had

shorter race times during the second race, after furosemide
administration, compared to race times during the first race.
However, the reduction in race time was also present in the
third race when furosemide was not administered. There was
no difference between race times in the second and third
races. Thus, an effect of furosemide is likely but debatable,
given that the absence of furosemide administration in the
third race did not result in a return of race times to values
similar to those of the first race. Alternatively, an effect of
furosemide may have persisted during the third race,
although this possibility appears unlikely.

An examination of the race times of 22 589 Thorough-
bred horses racing on dirt tracks in North America between
28 June and 13 July 1997 revealed a significant effect of
furosemide on speed, probability of winning or placing, and
amount of money won.3 The magnitude of the effect of
furosemide varied by sex of the horses (fillies or mares, geld-
ings, and stallions) with horses administered furosemide
racing 0.0006 to 0.00116 furlongs per second faster than
horses that did not receive furosemide. When standardized to
a race distance of 6 furlongs (1200 m), horses receiving
furosemide finished the race in 0.56 to 1.09 s less than
horses not receiving furosemide, a difference equivalent to 
3 to 5.5 lengths (Fig. 66.2).3 No attempt was made to deter-
mine whether horses in this study were affected with EIPH at
the time the study was conducted.

A similar effect of furosemide on race times is evident for
Standardbred pacers with treated horses pacing 0.67 s faster
for the 1 mile race.4 The effect of furosemide varied by sex 
and age, but race times were consistently shorter in treated
horses. Furthermore, treated horses finished on average 
3.4 lengths behind the winner, compared with 5.0 lengths for
non-treated horses.

There is strong and persuasive evidence that furosemide
improves the performance of Thoroughbred and Standard-
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bred race horses. An effect of furosemide to reduce race times
is apparent in horses with and in horses without EIPH at the
time of study.46,53 Therefore, the effect of furosemide on race
times appears to be independent of whether the horse has
EIPH, raising the question of the mechanism of furosemide’s
effect on race time.

Mechanism of furosemide’s effect on race
times

Furosemide is a potent diuretic that alters cardiovascular and
respiratory function and acid–base status of horses, as
described above. A number of these effects could account for
the ergogenic activity of furosemide.
Urine production and reduction in bodyweight The
reduction in bodyweight associated with furosemide 
administration is attributable to increased production of
urine.14,54 The diuretic effect of furosemide is short lived 
with most urine being produced within the first 30 min of
intravenous administration, the rate of urine production
returning to baseline values or less within 2 h.8,14–16 If
horses are not permitted to drink after furosemide adminis-
tration, the diuresis is associated with a marked reduction 
in bodyweight.20,22,54 The reduction in bodyweight of
horses after administration of furosemide varies between 
1 and 5.5%, with the larger reductions occurring after
administration of larger doses (2 mg/kg) or intramuscular
administration.14,21,22,36,54 Standardbred horses administered
furosemide 4 h before racing have a reduction in bodyweight
of 1.3% compared to 0.2% in untreated horses.55

Effect of bodyweight changes on energy metabolism
The amount of energy needed to run is directly related to the
weight being moved (horse, rider, and handicap) and the
speed at which it is moved. Increasing weight, for a given
speed, results in a proportionate increase in the amount of
energy required. Thus, horses that are lighter require less
energy to cover a given distance at a specified speed, leading
to speculation that furosemide administration may be associ-

ated with a reduction in the amount of energy needed for a
horse to run a given distance at a given speed.54,56

Energy for running is provided by a combination of
aerobic and anaerobic metabolism. At speeds achieved
during racing, it is estimated that 70–80% of energy is sup-
plied by aerobic metabolism with the balance being supplied
by anaerobic metabolism. The rate of aerobic metabolism
during racing is believed to be at its maximum as racing
occurs at an exercise intensity above that which induces the
maximal rate of oxygen consumption (V̇O2max). The maximal
rate of oxygen consumption is considered an important
indicator of athletic capacity.

The maximal rate of oxygen consumption is expressed as
either an absolute number (liters of oxygen consumed per
minute per horse) or relative to bodyweight (milliliters of
oxygen consumed per kilogram bodyweight per minute).
Expression of the rate of oxygen consumption as a function of
bodyweight provides an index of the maximum rate of
energy generation from aerobic metabolism, per kilogram 
of bodyweight. Increases in the maximal rate of oxygen 
consumed per kilogram of bodyweight may therefore be con-
sistent with an increase in athletic capacity. During an incre-
mental exercise test, furosemide administration (0.5 mg/kg,
intravenously) results in an increase in the maximal rate 
of oxygen consumption expressed as a function of body-
weight.56 Furosemide also increases the maximal relative rate
of oxygen consumption, but not the maximal absolute rate of
oxygen consumption, of horses during a high-speed exercise
test on a treadmill.36 These data demonstrate a physio-
logically important effect of furosemide in increasing aerobic
capacity of horses.

Furosemide administration also reduces the accumulated
oxygen deficit and rate of appearance of lactate in blood of
horses during a 2-min, high-speed exercise test on a tread-
mill.36 A reduction in the accumulate oxygen deficit indicates
a reduction in the amount of energy supplied by anaerobic
metabolism during the exercise test. The effect of furosemide
on accumulated oxygen deficit was directly attributable to
furosemide increasing the maximal relative rate of oxygen
consumption by the horses during the exercise test. Further
evidence that furosemide decreases the use of anaerobically
supplied energy during exercise is the observation that
furosemide decreases the rate of carbon dioxide production
and blood lactate concentration of horses performing an
incremental exercise test.54

The furosemide-induced reduction in bodyweight may be
the cause of the increase in relative aerobic power of
horses.36,56 This is supported by the observations that car-
riage of weight equal to that lost as a result of furosemide
administration normalizes the relative rates of oxygen con-
sumption during a high-speed exercise test and the relative
rate of carbon dioxide production and blood lactate concen-
tration during an incremental exercise test.36,54 While nor-
malization of the rate of oxygen consumption by weight
carriage does not conclusively demonstrate that it is weight
loss that causes the increase in aerobic power, it does suggest
a means of correcting for the effects of furosemide on aerobic
power.
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Body system Effect

Renal Diuresis
Natriuresis
Chloruresis
Kaliuresis
Decreased specific gravity
Increased urine acidity

Electrolyte and Hypokalemia
acid–base Hypochloremia

Increased serum bicarbonate
Alkalosis

Cardiovascular Decreased blood volume
Decreased plasma volume
Decreased right atrial pressure
Decreased left and right end-diastolic pressure
Decreased pulmonary artery pressure

Table 66.1 Pharmacologic effects of furosemide (frusemide) in
horses



Furosemide-induced alkalosis Alkalosis induced by
furosemide administration persists during both strenuous,
incremental exercise and brief, high-speed exercise on a
treadmill.37,57 Bicarbonate and base excess concentration
and pH are both higher during exercise in horses ad-
ministered furosemide than in horses not administered
furosemide.37,57 The effect of furosemide to attenuate exer-
cise-induced decreases in blood pH and bicarbonate and base
excess concentrations is inhibited when the horses carry
weight equal to that lost after furosemide administration.57

The effect of induced alkalosis on athletic capacity of horses
is unknown.
Reduction in severity of EIPH The effect of furosemide
on prevalence and severity of EIPH is dealt with elsewhere
(Chapter 29). For furosemide to affect athletic performance
by decreasing the severity of EIPH, it is necessary that 
EIPH impair performance and that furosemide reduce the
severity of EIPH. Neither of these presumptions have been
conclusively demonstrated.

Bumetanide and ethacrynic acid

Bumetanide and ethacrynic acid are structurally different to
furosemide, but both are potent diuretics that inhibit chloride
transport in the loop of Henle, as does furosemide. Ethacrynic
acid given orally to adult horses induces a dose-dependent
diuresis; 400 mg (p.o.) induces a diuresis that, assessed sub-
jectively, is maximal 1 h after dosing and persists for 3 h.58

Ethacrynic acid also increases urinary sodium excretion of
ponies.13 Bumetanide is a benzoic acid derivative with potent
diuretic activity.59 Bumetanide is a potent diuretic when
administered intravenously or intramuscularly to horses at
dose rates of 10 to 20 �g/kg.60 Bumetanide is a potent
saluretic and kaliuretic in humans and likely exhibits similar
activity in the horse, although this activity has not been con-
clusively demonstrated in horses.13 The elimination half-life
of bumetanide in horses is 6.3 min after intravenous admin-
istration and 11 to 27 min after intramuscular administra-
tion.60 The effect of these compounds has not been reported
in exercising horses.

Non-steroidal 
anti-inflammatory drugs

Phenylbutazone and other NSAIDs are among the most com-
monly used drugs in athletic horses. Phenylbutazone was
administered to 50% of 14 600 Thoroughbred horses racing
at tracks in the USA and Canada that permitted use of this
drug, or presence of the drug in the horse’s blood, on race
day.3 The high proportion of athletic horses receiving
phenylbutazone is likely a reflection of the frequency of mus-
culoskeletal disorders in these animals and the efficacy of
phenylbutazone and similar drugs in alleviating signs of
inflammation including heat, pain, and swelling. Phenyl-

butazone and other non-steroidal drugs are potent anal-
gesics, in addition to inhibiting inflammation, and are espe-
cially effective for treatment of disorders involving the
musculoskeletal system. Administration of phenylbutazone
is associated with a marked reduction in signs of pain and
permits more normal gait in horses with induced carpal
disease.61 Treatment with these drugs minimizes tissue
damage and may hasten recovery, permitting continued
training and racing of the treated horse.

The efficacy of phenylbutazone, and related compounds, is
attributable to their ability to penetrate damaged and
inflamed tissues and inhibit prostaglandin production.
Inhibition of prostaglandin production in inflamed or
damaged tissue, and the consequent therapeutic effect, per-
sists after concentrations of drug have reached undetectable
levels in plasma. The prolonged effect of phenylbutazone is
due to ion ‘trapping’ of the drug in inflamed tissue – the pH 
of the inflamed tissue is such that more of the ionized form 
of phenylbutazone is present in that tissue. Ionized forms of
phenylbutazone or its active metabolites cross lipid mem-
branes more poorly than does the unionized form, with the
result that the concentration of phenylbutazone is higher in
inflamed tissue. Administration of phenylbutazone, which
has an elimination half-life of approximately 6 h in horses,
inhibits prostaglandin E production in inflamed tissue for 
up to 24 h.62,63 Thus, administration of phenylbutazone 
provides long-lasting inhibition of inflammation and pain.

NSAIDs act by inhibiting the activity of cyclooxygenase
enzymes (COX-1, COX-2), thereby reducing the rate at which
various prostaglandin compounds, such as prostacyclin,
prostaglandin F2�, prostaglandin E, and thromboxane are
formed from arachidonic acid. Inhibition of prostaglandin
synthesis is thought to be the principal mechanism by which
the NSAIDs exert their potent anti-inflammatory, antipyretic,
and analgesic activities. COX-1 is a constitutive enzyme
involved in production of prostaglandins necessary for
normal physiologic activity, whereas COX-2 is an enzyme
whose production is induced by tissue damage. Consequently,
COX-1 is always present in certain tissues, such as the kidney
and gastrointestinal tract, in which it mediates or modulates
various normal physiologic functions, whereas COX-2 is only
present after injury or damage to tissue. The enzymes are
genetically and functionally distinct. Recognition of these
two forms of this enzyme has resulted in production of com-
pounds that selectively inhibit COX-2 with the intention of
maximizing therapeutic efficacy and minimizing adverse side
effects.64 Use of these compounds in horses has, to date, been
limited. NSAIDs used in horses and with some selectivity for
COX-2 include etodolac, meloxicam, and carprofen.64

While there is an extensive body of literature about
NSAIDs and their use in horses,64 there is limited information
of the effect of these drugs in exercising horses.

Exercise and prostaglandin production

Prostaglandin production is altered by exercise, although 
the effects on plasma or urine concentrations are variable
among species and exercise type and intensity. The plasma
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concentrations of PGE2, 6-keto PGF1�, and PGF2� of humans
increase during running and exercise increases the urinary
excretion rate of a metabolite of prostacyclin, 2,3-dinor-
6-keto-prostaglandin F1�, but not of the metabolite of throm-
boxane, 2,3-dinor-thromboxane B2.65–67 Exercise on a sta-
tionary cycle induces a two-fold increase in femoral venous
PGE2 concentrations over those measured at rest, indicating
a net production of PGE2 in working muscle.68 In horses,
plasma concentration of 6-keto-prostaglandin F1� increases
during incremental treadmill exertion,69,70 although others
have not detected a similar effect of exercise on this metabo-
lite of prostacyclin (PGI).71,72 However, both intense exercise
and endurance exercise increase the plasma concentrations
of thromboxane A2.69,71,72

Cardiovascular system

The increases in prostaglandin production and/or plasma
concentration during exertion likely indicate a physio-
logically important role for the prostaglandins in exercising
horses. Inhibition of prostaglandin synthesis alters the 
physiological responses to exertion in horses and other
species.73–76 In general, prostaglandin E2 and prostacyclin
(also known as PGI2) are vasodilatory compounds, whereas
prostaglandin F2� and thromboxane are vasoconstrictor
compounds. Prostanoids are produced by endothelium of
blood vessels (thromboxane is produced by platelets) and 
contribute to maintenance of vascular tone in a number of
vascular beds including pulmonary, skeletal muscle and
renal.77 The importance of these actions is illustrated by the
observation that inhibition of production of vasodilatory
prostanoids by indometacin results in flow-induced vasocon-
striction in skeletal muscle blood vessels.78 Indometacin and
aspirin similarly inhibit exercise-induced increases in calf
muscle and forearm blood flow in humans and indometacin
accentuates the exercise-induced increase in systolic and
diastolic arterial pressures and decreases the heart rate
response to exercise.79

The issue of alteration by NSAIDs of the hemodynamic
responses to exercise is important given the number of horses
that exercise or race after administration of phenylbutazone.
However, to date, studies of the impact of non-steroidal anti-
inflammatory drugs on the hemodynamic responses of
horses to exercise have revealed only minor effects on heart
rate and right atrial pressure. Phenylbutazone and flunixin
meglumine accentuate the exercise-induced increase in heart
rate of horses,76,80,81 and decrease the treadmill velocity at a
heart rate of 200 beats per min (V200).82 However, this effect
is not consistent among studies, perhaps reflecting the differ-
ent exercise and drug administration protocols used.83,84

Meclofenamic acid does not affect heart rate of horses during
an incremental exercise test on a treadmill.85 Phenyl-
butazone administration accentuates the exercise-induced
increase in right atrial pressure, but does not affect systemic
vascular or pulmonary arterial pressures of exercising
horses.76,83,84 The effect of phenylbutazone on right atrial
pressure has not been consistently detected.83 The lack of an
effect of the NSAIDs on pulmonary vascular pressures

suggests that these compounds should not be expected to
exacerbate the severity or increase the frequency of exercise-
induced pulmonary hemorrhage. However, this aspect of the
pharmacology of these drugs has not been examined in
detail.

Oxygen consumption

Phenylbutazone and meclofenamic acid do not alter the rates
of oxygen consumption or carbon dioxide production during
moderate to intense submaximal exercise.76,85 Flunixin
administration does not affect peak oxygen consumption or
carbon dioxide production of horses during an incremental
exercise test.69

Blood lactate, electrolytes, and acid–base
balance

The administration of NSAIDs may alter the blood or plasma
lactate response to exercise. However, this effect is variable
among studies and may depend on the exercise intensity and
duration and the drug and dosage administered. Adminis-
tration of flunixin meglumine (1 mg/kg, i.m.) or meclofe-
namic acid (2.2 mg/kg, p.o.) before running results in lower
venous lactate concentrations after exercise than occur
during drug-free trials.80 Meclofenamic acid also increases
the running speed at which a blood lactate concentration of
4 mmol/L is achieved and decreases the extrapolated venous
lactate concentration at V200.80,85

Lactate concentration is not altered by phenylbutazone
administration before 1 h of submaximal exercise.84 Nor was
blood lactate concentration after a simulated race on a track
altered in Standardbred trotters nor in horses performing an
incremental exercise test on a treadmill.76,86

Gait

A further factor to consider when discussing the effect of the
NSAIDs on athletic performance is the ability of these drugs
to decrease the pain associated with musculoskeletal disease.
Flunixin meglumine restores the stride length of horses with
induced carpal inflammation and similar results have been
reported for phenylbutazone.61,87 Flunixin meglumine
administration is associated with decreased stance time and
increased swing time and range of limb angles in apparently
normal Standardbred horses trotting over ground.81 These
results demonstrate that administration of NSAIDs to horses
with musculoskeletal pain may restore gait to more normal
parameters.

Traditional wisdom is that lame horses do not perform as
well in athletic competition as sound horses. The administra-
tion of phenylbutazone, or other NSAIDs, to lame horses may
therefore allow them to compete more effectively. However,
the risks of further injury to the horse if it is allowed to race
after administration of NSAIDs have not been determined. It
is possible that allowing a horse with clinically significant
lameness, such as would need to be treated by administration
of a NSAID, to race could exacerbate the injury.
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Performance

There was no detectable effect of phenylbutazone on per-
formance of 14 600 Thoroughbred horses racing in North
America at tracks that permitted presence of the drug in the
horse at the time of racing.3 Similarly, flunixin meglumine
does not affect run time to fatigue of Thoroughbred horses
during an incremental exercise test on a treadmill.69

Hormones and analogs

Anabolic steroids

Anabolism, the production or generation of tissue, can be
stimulated by a variety of anabolic steroids. While estrogens
and related steroids have an anabolic effect, the androgenic
steroidal hormones are more potent anabolic agents and are
therefore more commonly used for this purpose. The ana-
bolic/androgenic steroids are a group of compounds similar
in structure to testosterone. Modification of the testosterone
molecule has resulted in the production of compounds with
reduced androgenic activity but maintained anabolic 
activity.88 Various modifications have been made to the basic
steroid structure to enhance its lipid solubility, thereby ren-
dering it more soluble in the lipid vehicles used for parenteral
injection, or reducing its rate of metabolism by the liver,
thereby decreasing the ‘first-pass effect’ and permitting oral
administration.88 While oral administration of anabolic
steroids to horses is unusual, with the exception of use of
ethyestrenol in Australia, and steroid-induced hepatopathy
has not been reported, the relatively constant rate of absorp-
tion from a site of intramuscular injection is an important
aspect of the pharmacology of these drugs.

After parenteral administration the duration of effect of
the anabolic steroid depends to a large extent on the rate with
which it is released from the injection site. The rate of release
is determined by the chemical nature of esters of the com-
pound: acetic and propionic acid esters permit rapid ab-
sorption and a short duration of action (several days);
phenylpropionic, cyclopentylpropionic, and undecylenic acid
have a duration of approximately 2–4 weeks; and laureate,
decanoate, and heptanoate esters slow absorption and extend
the duration of action to 1 month or longer.88 The ester used
has important consequences for both the duration of action
of the steroid and the period for which it can be detected.
Undeclared substitution of nandrolone decanoate for nan-
drolone undecylenate, as may occur with some veterinary
products produced by unreliable manufacturers, may result
in nandrolone being detectable in the urine of treated horses
for longer than expected. It is important to recognize that
even using the same product the period during which steroid
can be detected after intramuscular administration of ana-
bolic steroids to horses is highly variable and unpredictable.

Testosterone is the archetypical androgenic/anabolic
steroid. It exerts potent anabolic and androgenic (masculiniz-
ing) effects. The androgenic activity of testosterone or other

androgenic steroids results in development of masculine
characteristics in females or geldings, or prepubertal males.
These changes include development of male behavioral 
traits including aggressiveness, frequent flehman exhibitions,
mounting and erections (in geldings) and clitoral enlarge-
ment.89,90 Because of testosterone’s potent androgenic
effects, use of anabolic steroids with lesser androgenic
activity is often preferred.

The steroid hormones exert their effect by binding to intra-
cellular (cytoplasmic) protein receptors. The hormone–
receptor complex then interacts with nuclear material in a
hit-and-run fashion to induce the synthesis of specific RNA
and, consequently, proteins.91 Testosterone acts in most body
tissues, although the active intracellular hormone depends
on the tissue. Testosterone is metabolized to the more active
5�-dihydrotestosterone by 5�-reductase in reproductive
tissues, whereas in muscles, which have little 5�-reductase
activity, testosterone is the predominant anabolic hormone.88

This difference in tissue sensitivity to testosterone is import-
ant in mediating the effect of the synthetic anabolic/
androgenic agents. Synthetic anabolic steroids that are resist-
ant to reduction by 5�-reductase therefore exert minimal
androgenic activity in reproductive and central nervous sys-
tem and may exert considerable anabolic activity in muscle
cells.

Effect on performance

Administration of anabolic steroids to men and women
results in an increase in lean body mass and decease in body
fat percentage.92 While most studies of horses have found
that administration of anabolic steroids to healthy horses
does not enhance muscle development or increase body-
weight,90,93–95 nandrolone laurate (0.3 mg/kg q7 days)
increases the cross-sectional area of type 1 fibers and the per-
centage of type IIA fibers in trotting horses.96 It also increases
red cell volume of Finnish trotters in race training over that
of similarly trained, untreated horses.97 Furthermore, the
rate of repletion of muscle glycogen after exercise is
enhanced by administration of nandrolone laurate (1 mg/kg
q7 days).98 This effect is associated with higher plasma
insulin concentrations after exercise and, the authors specu-
late, greater liver glucose production, although this was not
measured.98 Nandrolone administration also increases
citrate synthetase and 3-hydroxyacyl-CoA dehydrogenase
activity in muscle.98 These are critical enzymes in energy
transduction in muscle and increases in their activity may
indicate increased capacity for energy metabolism by muscle
of anabolic steroid-treated horses.

Administration of anabolic steroids to human athletes
improves performance in sports that depend on optimal skele-
tal muscle function.92,99–101 Administration of anabolic
steroids increases muscle mass and improves strength and
power output of both male and female human athletes.99–101

However, an effect of anabolic steroid administration on ath-
letic performance of horses has not been detected in any of
the three published studies that have examined this vari-
able.94,95,97 This apparent lack of effect of anabolic steroids
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on performance of horses may be a result of study design and
the inability of studies of small numbers of horses to detect
what would be, under racing conditions, important effects of
the treatment.

The contrasting effects of anabolic steroids in horses and
humans may well be due to species differences in response to
the drugs, but more likely is a result of dosage. Human ath-
letes often take doses of anabolic steroids (e.g. 3–6 mg/kg
testosterone weekly) that may be 10–40 times the therapeu-
tic dose (the amount needed to support physiologic function
in agonadal males). Additionally, human athletes often
‘stack’ steroids, a practice in which the athletes take more
than one anabolic steroid at a time.92 It may be that adminis-
tration of larger doses of anabolic steroids, simultaneous
administration of more than one anabolic steroid, or pro-
longed administration may have detectable effects on body
composition and athletic performance of horses.

Adverse effects

The use of anabolic/androgenic steroids is associated with a
number of adverse side-effects. Virilization (masculinization)
is often pronounced in females, castrated males, and pre-
pubescent males.89,97,102 Impaired reproductive function is
noticeable in both fillies and stallions and is attributable to
the direct effect of anabolic/androgenic hormones on the
pituitary–gonadal axis.89,103 These adverse effects dissipate
and both stallions and mares appear to have normal fertility
after cessation of treatment, although this return to normal
fertility may take many months.104

Long-term administration of anabolic steroids has been
associated with adrenal insufficiency in a horse.105 Con-
firmation of the tentative diagnosis is based on lack of an
increase in serum cortisol concentration in response to
administration (1 IU/kg) of adrenocorticotropic hormone
(ACTH). However, this case is unusual and short-term 
administration of stanozolol or boldenone undecylenate is
not associated with changes in serum cortisol or ACTH 
concentrations.106

Liver disease, including cholestasis, hepatitis and neoplasia,
occurs, albeit uncommonly, in humans ingesting C-17 �-alky-
lated anabolic steroids.107 There are no reports of liver disease
associated with anabolic steroid administration to horses.

Recombinant human erythropoietin
(rhEPO)

Erythropoietin is a glycoprotein growth factor synthesized by
cells adjacent to the proximal tubular cells in the kidney.108

Production of erythropoietin increases in response to stimuli
associated with reduced oxygen-carrying capacity of blood.
Erythropoietin binds to specific receptors on erythroid 
precursors in bone marrow and other erythropoietic tissues
stimulating the progenitor cells to continue their develop-
ment to erythrocytes.108 In the absence of stimulation by 
erythropoietin, the erythroid precursor cells die. Plasma 
erythropoietin concentrations in humans increase in an

exponential manner with decreases in hematocrit such that
hematocrits of less than 20% are associated with 100-fold
increases in plasma erythropoietin concentration.108

Recombinant human erythropoietin (epoietin) was mar-
keted for use in humans in 1985 and other products (dar-
bopoietin) have been developed since that time. These
products have been administered to horses in an apparent
attempt to increase performance by increasing hemato-
crit and oxygen-carrying capacity. Administration of
recombinant human erythropoietin to horses results 
in increases in red cell count, red cell mass and hema-
tocrit.109,110 This effect is achieved with administration of
one dose of 120 IU/kg or dosages of 30 IU/kg three times
weekly for 4 weeks.109,110

Plasma concentrations in clinically normal horses are 
3.6 ± 2.3 (mean ± standard deviation) mIU/mL with 102 of
104 horses having values of 9 mIU/mL or less.110 However,
the range of values from normal horses likely depends on the
methodology used to measure equine erythropoietin. Peak
concentrations of recombinant human erythropoietin in
horse plasma after administration of 30 IU/kg range 
from 25 to 120 mIU/mL, and decline with a half-life of
approximately 13 h.111

Administration of recombinant human erythropoietin
(15 IU/kg, three times weekly for 3 weeks) to splenectomized
horses increases hematocrit from 37% to 46% and  V̇O2max by
19%,109 suggesting the potential of this compound to
improve athletic capacity. Similarly, administration of recom-
binant human erythropoietin (50 IU/kg, three times per
week for 3 weeks) to horses with a spleen increases red cell
mass,  V̇O2max, and speed at  V̇O2max.112

Adverse effects of administration of recombinant human
erythropoietin to horses are potentially fatal. While there is
substantial similarity and cross reactivity of erythropoietin
among species,113 administration of recombinant human
erythropoietin to horses may induce production of pro-
ducts, likely anti-erythropoietin antibodies, that inhibit the
activity of endogenous erythropoietin.114 Administration of
human recombinant erythropoietin is therefore associated
with severe anemia secondary to red cell aplasia in an
unknown proportion of horses to which it is administered
(see Chapter 44).114 The anemia may be refractory to
treatment and result in death of the horse.115

An additional concern is that polycythemia induced by
erythropoietin administration may increase blood viscosity
with subsequent exacerbation of exercise-induced increases
in pulmonary artery pressure and a worsening of exercise-
induced pulmonary hemorrhage.116 However, such concerns
have not been substantiated at this time.

Growth hormone (somatotropin)

Growth hormone is a protein produced by the anterior pitu-
itary gland. It is essential for normal growth and develop-
ment in young individuals through both direct effects on
tissue and effects mediated by somatomedins including
insulin-like growth factor-1 (IGF-1).117 Growth hormone
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increases the rate of protein synthesis in cells, mobilizes fatty
acids from adipose tissue, decreases glucose utilization, and
influences fluid and electrolyte balance.117 Recognition of the
potential for growth hormone to exert anabolic effects lead 
to its use by human athletes.92 However, studies of highly
conditioned athletes have demonstrated that growth hor-
mone administration does not increase fat-free mass, skeletal
muscle protein synthesis, or strength in highly trained
humans.118,119 Growth hormone is effective in the treatment
of individuals with a documented deficiency of the hormone
but currently is considered ineffective as an anabolic agent in
clinically normal human athletes.92

Recombinant equine growth hormone (eST) is available
commercially. Although growth hormone deficiency has not
been documented in horses, this compound has been admin-
istered to both old and young horses in studies of mineral
balance, growth, immune function, bone mineralization,
wound healing, and exercise capacity.120–125 There is no
detectable effect of growth hormone administration on ath-
letic capacity of immature Standardbred or geriatric
Standardbred and Thoroughbred mares.124,125 However,
studies of the effect of eST on exercise capacity of mature,
athletic horses have not been reported.

Administration of growth hormone may be detected by
measurement of serum concentrations of insulin-like growth
factor.126,127 Plasma concentrations of IGF-1 are increased
for hours to days after administration of eST, whereas eST
has a very short half-life and detection of increased con-
centrations is therefore difficult.126 Concentrations of IGF-1
vary with age in horses, and normal values have been
established.126,128

Sympathomimetics

The sympathetic nervous system mediates many of the home-
ostatic functions vital for existence. Exercise is a potent stimu-
lus of increased sympathetic activity with large increases in
concentrations of epinephrine (adrenaline) and norepineph-
rine (noradrenaline) occurring soon after the start of exer-
cise.129 Most of the actions of the sympathomimetic amines –
the naturally occurring catecholamines and drugs that mimic
their actions – can be explained through their effect to mimic
the activity of the sympathetic nervous system.
Catecholamines and the sympathetic amines produce, among
other effects, bronchodilation, positive inotropy and
chronotropy, altered vasomotor tone (either vasodilation or
vasoconstriction, depending on the vascular bed and agent),
and altered carbohydrate and fat metabolism.130 Both epineph-
rine and norepinephrine, and the sympathetic amines isopre-
naline (isoproterenol), clenbuterol, salbutamol, and
terbutaline exert one or more of these effects in horses.130–132

The predominant use of catecholamines or sympathetic
amines in horses is in the relief of airway constriction attribut-
able to bronchoconstriction. Sympathomimetic agents used to
effect bronchodilation in horses include clenbuterol, albuterol
(salbutamol), salmeterol, terbutaline, and isoproterenol.132

Clenbuterol hydrochloride

Clenbuterol hydrochloride is a �2-adrenergic agonist used for
the treatment of respiratory disease associated with bron-
choconstriction in horses.133 It has an elimination half-life of
approximately 10.4 h, although the drug may be detected for
up to 11 days in urine of horses administered multiple
doses.134,135

Clenbuterol has pronounced cardiopulmonary effects in
horses.136 Intravenous administration of clenbuterol to
healthy horses (0.8 �g per kg) minimally reduces non-elastic
pulmonary resistance although this effect persists for longer
than 3 h.136 In horses with airway obstruction (heaves) clen-
buterol decreases the maximal change in pleural pressure
during respiration, airway resistance and the work of breath-
ing. These effects are mediated by relaxation of constricted
bronchial smooth muscle, with effects in vitro being maximal
at 100 nM and not detectable at concentrations less than
0.1 nM.137,138 Plasma concentrations achieved with twice
daily administration of 0.8 �g/kg, orally, are 1.0 to
1.5 nM.135 Notably, the bronchodilatory effect of clenbuterol
in horses with no evidence of respiratory disease is minimal,
although detectable, while the effect in horses with airway
obstruction associated with bronchospasm is much greater.

Clenbuterol has minimal effect on respiratory variables
during exercise by fit horses free of detectable respiratory
disease. Blood gas tensions (PaCO2 and PaO2) are not affected
by clenbuterol administration, with the exception of one
report of slightly lower PaCO2 during submaximal exer-
cise.135,139–141 Similarly, with the exception of one report 
of clenbuterol increasing tidal volume of normal horses
during exercise, there is no effect of clenbuterol on res-
piratory mechanics during strenuous exercise on a tread-
mill.135,139,141 The lack of effect of clenbuterol on respiratory
variables of normal horses during intense exercise is not sur-
prising given the minimal effect of clenbuterol in standing
normal horses and the intense adrenergic stimulation asso-
ciated with large increases in sympathetic tone and plasma
epinephrine and norepinephrine concentrations during 
exercise.129 The intense sympathetic stimulation during
strenuous exercise may result in maximal bronchodilation,
leaving no margin for a pharmacologic effect of clenbuterol.
However, the effect of clenbuterol on responses to exertion 
of horses with chronic obstructive airway disease (heaves) is
not reported.

Clenbuterol does not affect the rate of oxygen con-
sumption during incremental exercise tests performed on a
treadmill.135,139–141 However, the effect of clenbuterol on the
maximal rate of oxygen consumption, an indicator of
maximal aerobic capacity, has not been reported.

Clenbuterol causes a transitory increase in heart rate and
decrease in mean arterial pressure in standing healthy
horses, but does not affect right atrial or pulmonary arterial
pressures, after intravenous administration.136,139,142 Clen-
buterol has minimal cardiovascular effects on healthy horses
during exercise. It causes a slight increase in heart rate, over
that of untreated horses, at low work intensities but this
effect is not apparent at higher work intensities.139 Clen-
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buterol does not attenuate the exercise-induced increases in
pulmonary artery, pulmonary capillary or pulmonary wedge
pressure in horses running on a treadmill,142 nor does it alter
furosemide’s hemodynamic effect in exercising horses.143

Administration of clenbuterol (2.4 �g/kg, orally twice
daily, 5 days per week) for 8 weeks to Standardbred horses is
associated with left ventricular dilation, and increases in left
ventricular free wall thickness at the end of systole and aortic
root diameter.144 These changes are interpreted as potentially
detrimental to the horse’s wellbeing.144 A deleterious effect of
chronic or repeated, high-dose, �-adrenergic stimulation on
myocardium of dogs, sheep, rats, and mice is reported.145,146

Changes observed include necrosis and hypertrophy of
myocardial cells. However, the doses used were, on a body-
weight basis, much larger than those associated with cardiac
disease in horses. The importance of the changes in heart
and aortic size reported with clenbuterol administration to
horses remains to be determined.

Clenbuterol is a potent repartitioning agent in a number of
species including mice, cattle, and horses.147,148 Clenbuterol
increases muscle mass, muscle protein synthesis and body-
weight and decreases fat mass in these species. At a dose of
2.4 �g/kg orally twice daily, 5 days per week for 8 weeks,
clenbuterol increases fat-free mass and decreases fat mass
and the proportion of fat in the body in unexercised horses.
Similar effects are noted in horses that trained while 
being administered clenbuterol.147 The importance of this
change in body composition on athletic capacity is not
reported.

Chronic administration of clenbuterol decreases both
endurance and sprint running capacity of rats.145 The effect
of clenbuterol on exercise capacity of horses or humans has
not been reported.149 While extrapolation of results obtained
during submaximal exercise should be done with caution,
results of none of the studies to date clearly indicate a 
likely effect of clenbuterol to increase athletic capacity of
horses.

Albuterol (salbutamol)

Albuterol (salbutamol) is a �2-adrenergic agonist adminis-
tered to horses orally, intravenously, intratracheally, or by
inhalation for treatment of bronchoconstriction.150 The
plasma elimination half-life is not reported but the drug is not
detectable in urine 24–48 h after the last dose, although this
will vary depending on the dose, animal characteristics, and
method of detection used.151

After inhalation by horses with recurrent airway obstruc-
tion, bronchodilation occurs within 5 min and persists 
for 30 min to 3 h.150 However, no effect of albuterol (360,
720, or 900 �g total dose by inhalation) on respiratory
mechanics, V̇O2max, maximum heart rate, or blood lactate
concentration has been reported in healthy horses running
on a treadmill.152,153 By contrast, others have reported a
significant effect of albuterol (900 �g total dose by inhala-
tion) on  V̇O2max and run time to fatigue of healthy horses.154

V̇O2max increased from 122 to 130 mL/kg/min and run time

to fatigue increased from 406 to 431 s. The reason for these
disparate results is not apparent, although it is speculated
that the horses in the later study may have had some 
degree of bronchoconstriction that was relieved by albuterol
administration.153

Amphetamines

Amphetamine is an indirectly acting sympathomimetic
amine; its mechanism of action involves release of norepi-
nephrine from storage sites in nerve terminals.155 Con-
sequently, the effects of amphetamine administration are
predominantly those of �- and �1-adrenergic stimulation,
including increases in both systolic and diastolic blood 
pressure and a reflex reduction in heart rate.155 However, 
the primary effect of the amphetamines is in the central
nervous system.156 Central effects of amphetamine include
medullary and cortical stimulation and possibly reticular
activating system stimulation. Stimulation of these areas
results in mood elevation, euphoria, and decreased sense 
of fatigue in humans. Amphetamines also increase meta-
bolic rate, oxygen consumption, and plasma free-fatty acid
concentration.157

In resting horses amphetamine increases respiratory rate
slightly (9 breaths per minute) without altering the heart
rate.158,159 Amphetamine sulfate administered intravenously
30–60 min before a gallop produces an immediate post-race
heart rate that is significantly less than that of controls.158,159

Smetzer and Senta reported a similar observation with doses
of amphetamine of 150 and 300 mg per horse.159 However,
in another trial in which amphetamine was administered
intravenously (0.55 mg/kg) 20 min before a submaximal
exertion test, the heart rates of the treated horses were higher
than those of control horses after completion of the run.160

Cardiac arrhythmias occur during the immediate postexer-
tion period in amphetamine-treated horses.158,159 The
arrhythmias included second-degree atrioventricular (AV)
block, sinus arrhythmia, and ventricular or AV junctional
beats.159 The arrhythmias resolved in 3 to 5 min.158

Amphetamine also increases respiratory rate, rectal tempera-
ture, and blood lactate concentration immediately after high-
speed trotting or pacing.161

Amphetamine has been used by human athletes because
of its ability to reduce fatigue and enhance athletic perfor-
mance.156,162 Amphetamines may be ergogenic in human
beings, improving acceleration and increasing lactate accu-
mulation and time to exhaustion, but not muscular power,
speed, or maximal aerobic capacity.156 Amphetamine admin-
istration is also associated with significant increases in knee
extension strength, acceleration, anaerobic capacity, time to
exhaustion, and pre-exercise and maximum heart rates.157

Lactate accumulation during an incremental exercise test is
increased, but V̇O2max is not.157

Administration of amphetamine to Thoroughbred horses
before each of five trials increased the speed over the cor-
responding control gallop, however, the overall difference 
was not statistically significant and the statistical power was
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low.158 The effect of amphetamine administration on equine
athletic performance is unknown.

Methylamphetamine

Methylamphetamine, a derivative of amphetamine, produces
variable effects on recovery heart rates when it is adminis-
tered before exercise. The effect of methylamphetamine on
heart rate appears to depend on the intensity and possibly the
duration of the exertion involved.163 Methylamphetamine
improves performance in a variety of submaximal speed tests
at doses of 0.1 to 0.4 mg/kg, intramuscularly,164 but the
importance of this action to competitive endeavors is
unknown.

Methylphenidate

Methylphenidate is structurally related to amphetamine 
and its pharmacologic effects are essentially those of the
amphetamines. There has been minimal evaluation of the
effect of methylphenidate in horses. The time for cardiac 
deceleration after lungeing is longer in horses adminis-
tered methylphenidate than in untreated horses.163 Methyl-
phenidate increases recovery heart rate, respiratory rate,
venous lactate concentration, rectal temperature, and
cardiac output over those values in untreated horses 
after a submaximal exercise test by trained Standardbred
horses.160 These results suggest that methylphenidate 
may have a detrimental effect on these variables during 
exercise and therefore has the potential to impair per-
formance. However, methylphenidate consistently increased
the speed of running in four types of submaximal exercise
tests.163

Ephedrine

Ephedrine is both an �- and �-adrenergic agonist that sti-
mulates heart rate and increases cardiac output of non-
exercising human beings. The administration of ephedrine to
horses does not affect heart and respiratory rates after lunge-
ing, nor speed performance of horses.164

Cocaine

Cocaine is a naturally occurring alkaloid with potent peri-
pheral sympathomimetic activity and central nervous system
stimulating effects. Cocaine is also an effective local anes-
thetic, an effect enhanced by cocaine’s induction of localized
vasoconstriction and consequent delayed absorption and dis-
sipation from the site of application.165 The mechanism of
the peripheral systemic effects of cocaine is unclear but may
be due to inhibition of reuptake of norepinephrine at pre-
synaptic terminals of sympathetic nerves, direct stimulation
of release of catecholamines from peripheral nerves, or
centrally mediated release of adrenal catecholamines.156

Whatever the mechanism, cocaine administered intra-

venously to humans and horses elevates blood pressure and
heart rate, and may induce arrhythmias.166,167 The central
nervous system effects of cocaine administration to humans
includes euphoria, a positive alteration in mood, and a
decreased sense of fatigue. These effects are likely the result of
cocaine inhibiting reuptake of dopamine in the CNS, with a
resultant increase in dopamine concentration at dopamine
(D2) receptors.156

Cocaine enhances athletic capacity for short-term, intense
exertion but not for prolonged, submaximal activities by
humans.156 However, this effect does not appear to be related
to increased aerobic capacity.168 Cocaine increases heart rate
and mean arterial pressure of horses during an incremental
exercise test and decreases the anaerobic threshold in a 
dose-dependent fashion.167 Cocaine-treated horses have
higher blood lactate concentrations at maximal, fatiguing,
work intensities.167 Notably, endurance time, as measured by
time to fatigue during an incremental exercise test, is
significantly prolonged by cocaine administration.167 This
study provided persuasive evidence of an ergogenic effect of
cocaine that is dose related. Interestingly, cocaine also
demonstrates dose-related effects on spontaneous locomotor
activity of horses, with the highest no effect dose being
0.02 mg/kg.169

Sympatholytics

The adrenergic receptors, via increased sympathetic nervous
system activity and increased concentrations of circulating
epinephrine and norepinephrine, play a significant role in
mediating the physiologic and metabolic responses to exer-
tion. Therefore, it is not surprising that �-blockade modifies
these responses and impairs exercise performance.170–173

Furthermore, given that the �-adrenergic system comprises
two receptor subtypes, �1 and �2, which subserve different
physiologic functions, it is apparent that non-selective and
selective �-blockade have the potential to modify different
physiologic responses to exertion. The modification of the
physiologic responses by both selective and non-selective 
�-blockade during exertion has been extensively investigated
in humans, in part because of the importance of �-blockade
and exercise in cardiac rehabilitation programs. The effects 
of a number of different �-blockers on the physiologic
responses to exertion have been examined in humans and
animals.

�-Blockade attenuates the exertion-induced increase in
heart rate and cardiac output of horses,174 and reduces 
heart rate during the recovery period from exercise.173

Propranolol (0.22 mg/kg, i.v.) attenuates the elevation in pul-
monary artery flow velocity (an indicator of cardiac output)
and right ventricular dP/dt, while augmenting the increase in
mean pulmonary artery and right ventricular pressures of
ponies during an incremental exercise test.175 Propranolol did
not alter the response of the mean systemic arterial pressure to
exertion.175
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The effect of �-blockade on V̇O2max has not been reported for
horses. However, V̇O2 is maintained at submaximal work intens-
ities through an increase in oxygen extraction by tissue, mani-
fest as a reduction in venous oxygen content.174 At maximal
work rates, however, the increased arterial–venous oxygen
difference can no longer compensate for the decreased car-
diac output and maximal oxygen consumption in humans is
diminished.

�-Adrenergic blockade has significant effects on exercise-
induced changes in metabolism.173,174,176 Propranolol increases
plasma glucose concentrations, decreases plasma insulin con-
centrations, attenuates the increase in plasma glucagon and
free fatty acid concentration in horses during submaximal 
exercise.176 The rate of appearance of glucose in blood was
increased from 30.5 +/– 3.6 to 42.8 +/– 4.1 �mol/kg/min
during exercise at 50% V̇O2max, and from 54.4 +/– 4.4 and 73.8
+/– 4.7 �mol/kg/min during exercise at 65% by prior propra-
nolol administration.176 Similarly, the rate of disappearance of
glucose from blood, an indicator of skeletal muscle uptake of
glucose, during exercise was approximately 40% higher after
propranolol administration. Propranolol also augmented car-
bohydrate oxidation, with a concomitant reduction in fat oxida-
tion, during exercise. Muscle glycogen utilization was similar
between trials and therefore the increase in carbohydrate oxida-
tion with propranolol administration was due to increased use
of plasma glucose. Evidently, beta-adrenergic mechanisms
restrain glucose uptake by tissue during exercise.176

Propranolol administration also decreases blood and
muscle lactate accumulation during brief, intense exercise,
and attenuates the decrease in arterial and venous pH.174

However, these effects are likely attributable, at least in part,
to the shorter duration of exercise in propranolol-treated
horses.174 Similarly, the rise in blood glucose, glycerol and
lactate concentrations immediately after exercise over values
before exercise is reduced by both propranolol and metoprolol
administration, but these changes could be attributable to the
slower speed at which horses ran after treatment.173

In horses sweating is under �2-adrenergic control.177 Pro-
pranolol reduces the sweating response of isolated equine
skin after stimulation with either epinephrine or ter-
butaline,177 and of horses to exertion.173 Metoprolol does not
decrease sweat production, consistent with the �1 selectivity
of this drug.173 Reduction in the rate of sweat production is
likely the reason for elevated body temperature of horses
during exercise after administration of propranolol.174,176,178

Beta-adrenergic blockade reduces exercise performance 
in both humans and horses.173–176,178,179 Non-selective 
�-blockade (propranolol) causes a greater reduction in exercise
performance than selective (metoprolol) �-blockade.172,173,180

The reduction in exercise capacity of horses occurs during 
both moderate- and high-intensity exercise. Run time of
Thoroughbred horses running on a treadmill at a speed equiva-
lent of 105% V̇O2max was reduced from 119 to 82 s by propra-
nolol administration.174 Similarly, exercise duration for horses
running on a treadmill for 30 min at 50% V̇O2max and then
30 min at 65% V̇O2max was reduced to 49 min by propranolol
administration.176 Ponies that could easily complete an incre-
mental exercise test to 3.4 m/s on a treadmill were only able to

achieve 2.8 m/s after propranolol administration.175 The speed
of galloping by Thoroughbred horses was reduced by 7% after
propranolol administration and 5% after metoprolol adminis-
tration.173 The effect of �-blockade on exercise performance 
is likely the result of impaired cardiovascular, metabolic and
thermoregulatory responses to exercise.

Sedatives and tranquilizers

The sedatives and tranquilizers used frequently in equine
practice are phenothiazine derivatives (promazine, chlorpro-
mazine, acepromazine, fluphenazine) and the �2-adrenergic
agonists (xylazine, detomidine, and romifidine).181

Promazine, acetylpromazine,
chlorpromazine, and fluphenazine

The predominant mechanism of action of the phenothiazine
derivatives is as dopamine antagonists in the mesolimbic–
mesocortical, and nigrostriatal regions of the brain.181 The
mesolimbic–mesocortical pathway is involved in behavior,
whereas the nigrostriatal pathway is integral to the co-
ordination of voluntary movement. The phenothiazines
therefore reduce spontaneous motor activity in horses.182

Phenothiazines also block the peripheral actions of cate-
cholamines, an action that may account for acepromazine’s
hypotensive effect.183,184 The phenothiazine derivatives have
little or no analgesic activity.185

Fluphenazine is a potent dopamine antagonist used in
human medicine as an antipsychotic. Long-acting prepara-
tions (ethanate or deconoate) suitable for intramuscular use
are available and are administered to horses to induce pro-
longed, mild sedation. Extrapyramidal signs occur in humans
administered fluphenazine and include grimacing and mus-
cle spasms of the head, neck, jaw and proximal extremities,
and motor restlessness evident as pacing or rocking.186

Fluphenazine-induced extrapyramidal signs have been
reported in Thoroughbred racehorses.187,188

The terminal half-life of acepromazine in serum is approxi-
mately 150 min,189 although the drug or its metabolites may be
detectable for much longer (120 h) in urine.190 Repeated
administration of acepromazine may further prolong the period
for which it can be detected in plasma or urine.

There are few studies of the effect of the promazine tranquil-
izers on physiologic responses to exercise. Acepromazine
(0.0066 mg/kg i.v. 20 min before exercise) decreases plasma
lactate concentration of Thoroughbred horses 2 and 30 min
after galloping 1000 m.191 However, there was no effect of ace-
promazine on plasma potassium, cortisol, norepinephrine or
epinephrine concentrations.191 Similarly, promazine does not
influence a number of physiologic variables of horses during a
submaximal exertion test,161 but does increase the heart rate
immediately after completion of a high-speed run.158 Chlor-
promazine increases the heart rate and causes penile ptosis of
male horses during submaximal running on a track.192
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Sedatives may reduce athletic performance of horses,
depending on the nature and intensity of the exercise and the
personality of the horse. Acepromazine increased the time
taken for Thoroughbred horses to run 1000 m by 0.6 s,
although this was not statistically significant.191 Interest-
ingly, two nervous horses had improved run time after 
acepromazine administration, whereas more relaxed horses
had markedly worsened run times when affected by ace-
promazine.191 Both acetylpromazine and promazine reduce
performance in horses subjected to a short gallop or caval-
leti.163 Promazine significantly decreases speed of Thorough-
bred horses when administered 30–60 min before a
simulated race.158 Chlorpromazine has a pronounced effect
in decreasing running speed of Thoroughbred horses.192

�2-Adrenergic agonists

The �2-adrenergic agonists exert their sedative and analgesic
effects by binding to �2 receptors in the central nervous
system and suppressing axonal release of norepinephrine
and dopamine.181 �2-Adrenergic receptors are found in many
other tissues of the body and this likely accounts for the
endocrine and cardiovascular effects of the �2-agonists.193

The cardiovascular effects of the �2-agonists are due to the
combined effects of inhibition of central nervous system sym-
pathetic tone and norepinephrine release from peripheral
sympathetic nerves, and an apparent reflex increase in vagal
tone secondary to �2-agonist-induced increase in systemic
blood pressure.193

Xylazine, detomidine, and romifidine are �2-agonists avail-
able for use in horses.181 Although their relative potency
varies, all three drugs are potent analgesics and sedatives in
horses. Both xylazine and detomidine exert dose-dependent
effects on systemic hemodynamics of conscious horses.
Xylazine and detomidine cause an initial brief increase in sys-
temic arterial pressures, which is followed by a more pro-
longed hypotension.194 Heart and respiratory rate and
cardiac output are reduced, while cardiac filling pressures are
increased by xylazine or detomidine administration to
horses.194 These drugs also decrease intracranial pressure in
conscious horses,195 cause hyperglycemia and reduced insulin
secretion, and transiently increase urine output.196,197

While the �2-agonists are drugs frequently used in per-
formance horses the effect of �2-agonists on athletic capacity
of horses has not, to our knowledge, been reported. However,
the profound sedative, hemodynamic and endocrine effects of
these drugs in resting horses would suggest that they have
the capacity to reduce maximal athletic capacity.

Reserpine

Reserpine is a compound used to produce long-lasting seda-
tion in horses, for which it is sometimes used as an aid in
training young or fractious horses. Reserpine depletes nor-
epinephrine, dopamine, and serotonin stores in synapses
resulting in long-lasting (10 days) sedation.181 There is a lag
time between administration of reserpine and onset of seda-
tion. Administration of reserpine (5 mg, i.v., single dose)

decreases spontaneous motor activity of horses with maxi-
mal sedation occurring 3–5 days after injection.198 Sedation
occurs even after reserpine is no longer detectable in blood or
urine, although the period during which reserpine can be
detected depends on the method of analysis of samples.199,200

There are no reports of the effect of reserpine on athletic
capacity, however it could be expected to reduce maximal
athletic capacity. Reserpine toxicosis is characterized by
bradycardia, depression, miosis, ptosis, and paraphimosis.201

Methylxanthines

Theophylline (and its salt, aminophylline), theobromine, and
caffeine are methylxanthine alkaloids that share similar
structures, pharmacologic effects, and mechanisms of action.
All act as stimulants of the central nervous system and heart,
relax smooth muscle, induce diuresis, and increase basal
metabolic rate and plasma concentrations of free fatty acids,
probably mediated via antagonism of adenosine.202,203

Caffeine

Ingestion of caffeine by humans causes increased alert-
ness (i.e. less drowsiness and clearer thought), but impairs co-
ordination and task performance.156 Increasing doses of
caffeine increase central nervous system stimulation result-
ing in, progressively, nervousness and anxiety, restlessness,
insomnia, tremors, hyperesthesia, and convulsions.203 Caf-
feine also affects skeletal muscle function. In vitro caffeine
potentiates twitch tension, and in vivo it increases muscle
force output at low electrical frequencies (10–59 Hz) but 
does not alter the strength of maximum voluntary con-
tractions.156 Caffeine does not improve short-term or maxi-
mal power output of humans, and it may or may not improve
endurance performance.156,204

Caffeine is often detected in urine samples collected as a
result of drug-control procedures. In many instances, these
positive findings are a result of dietary caffeine, such as feed-
ing horses chocolate treats, rather than deliberate adminis-
tration of caffeine.205 The elimination half-life of caffeine in
horses is approximately 10 h.206

Caffeine spontaneously increases locomotor activity of
horses, but the effect is short lived and apparent only 
after intravenous injection of the drug.206 The highest no-effect
dose for spontaneous locomotor activity of horses 
is 2.0 mg/kg i.v.,207 although the relationship between this
variable and racing performance is unknown. Caffeine 
(2.5 and 5.0 g/horse, s.c.) enhances running perform-
ance, as assessed by timed runs of Thoroughbred horses
running at submaximal speeds,208 likely reflecting an
increased alertness or willingness to run rather than a change
in exercise capacity. Heart rates during submaximal exercise
and recovery are higher after caffeine administration than
during drug-free trials.208 Variable effects on performance 
and heart and respiratory rates were observed in two horses
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administered caffeine (4.0 and 16.0 mg/kg, p.o.), although
there are insufficient data to draw any conclusions.164

Theophylline

Theophylline is a potent dilator of constricted airways, and is
often used in the treatment of recurrent obstructive pul-
monary disease (heaves, COPD) of horses. Theophylline, like
caffeine, has pronounced effects on other body systems,
including the central nervous system, heart, and kidneys.
Theophylline induces dose-dependent increases in heart rate,
sweating, sensitivity to auditory and visual stimuli, urine
flow, and muscle tremors in horses.209 The suggested upper
therapeutic plasma concentration of theophylline in horses is
15 �g/mL.210

Theophylline affects some of the physiological responses of
horses to exertion. Theophylline accentuates both the heart
rate and blood lactate concentration responses of horses to
incremental exertion on a treadmill.80,211 The effect of theo-
phylline on athletic performance of horses is unknown,
although in humans intravenous aminophylline does not
increase maximal oxygen uptake, maximum work rate, or
maximum minute ventilation.212

Alkalinizing agents

Sodium bicarbonate

Bicarbonate is an endogenous substance present at predictable
concentrations in blood and body fluids. Endogenous bicarbon-
ate is produced as a result of the hydration of carbon dioxide:

CO2 + H2O ⇔ HCO3
– + H+

This reaction is catalyzed by the enzyme carbonic anhydrase.
This enzyme is highly active in red blood cells and renal
tubular cells, among other tissues, where it has important
action in carbon dioxide transportation and maintenance of
acid–base balance. Bicarbonate is eliminated by the reverse
reaction occurring in the lungs, with subsequent exhalation
of carbon dioxide. Bicarbonate is also eliminated by renal
excretion. Variable proportions of bicarbonate filtered at the
glomerulus are then reabsorbed in the proximal tubule.
Excess bicarbonate is not reabsorbed and is excreted as 
predominantly sodium or calcium bicarbonate in urine. 

The concentration of bicarbonate in blood depends on the
rates of production from carbon dioxide in red blood cells and
plasma, elimination of carbon dioxide from the lungs, and
excretion in urine. Formation of bicarbonate from carbon
dioxide produced in metabolically active tissues is quan-
titatively important in the transport of carbon dioxide and its
elimination in the breath.

Exercise, which is associated with increases in carbon
dioxide production, increases bicarbonate concentration in
venous blood. This increase in plasma bicarbonate concen-
tration is short lived, resolving within seconds to minutes of

the cessation of exercise (see Chapter 39) as the excess
carbon dioxide is exhaled. The increase in venous blood bicar-
bonate concentration is proportional to the intensity of exer-
cise and partially attenuates the exercise-induced acidemia
associated with intense exercise.

A number of factors, including exercise, diet, ambient
temperature, administration of supplements and medica-
tions, and disease have been demonstrated or claimed to
effect blood bicarbonate concentrations. The potential for
these factors to affect blood bicarbonate concentration has
important consequences for regulation of administration of
alkalinizing agents to horses and have therefore attracted
considerable attention. The influence of a number of these
factors has been described elsewhere.213–216

Pharmacokinetics

Alkalosis and increased blood bicarbonate concentrations
persist for periods varying with dose and route of administra-
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tion and whether the horse is permitted to drink water after
receiving sodium bicarbonate. Increases in blood bicarbonate
concentration are detectable within 1 h of administration of
bicarbonate orally.217–220 Peak blood bicarbonate concentra-
tions occur at times proportional to the dose of bicarbonate.
Smaller doses of sodium bicarbonate result in lower peak 
concentrations achieved sooner after administration. Dosages
of 400 mg/kg, orally, result in peak concentrations of
bicarbonate in blood 2–4 h after administration, whereas
after dosages of 1000 to 1500 mg/kg, orally, peak blood
bicarbonate concentrations are not achieved for 6–8 h 
(Fig. 66.3).217,219–221 Alkalosis persists for more than 12 h
after administration of ≥ 250 mg/kg sodium bicarbonate
orally to horses that are then not provided access to
water.217,219,220,222 The alkalinizing effect of orally adminis-
tered sodium bicarbonate is not affected by feeding.217

The alkalinizing effect of sodium bicarbonate is pro-
portional to the dose administered, up to a dosage 
of 1000 mg/kg.219 Dosages of sodium bicarbonate of
250–300 mg/kg, orally, induce an increase in blood bicarbon-
ate concentration of approximately 4 mEq/L, a dose of
0.5 mg/kg increases blood bicarbonate concentration by
8 mEq/L, whereas increases of 10–12 mEq/L are detected after
oral administration of 1000–1500 mg/kg.217–219,223 Dosages
of 1500 mg/kg, orally, do not induce greater increases in blood
bicarbonate concentration than do dosages of 1000 mg/kg,
perhaps because of limits to the rate of absorption of sodium
bicarbonate from the small intestine.219

Effect on blood and urine constituents

Administration of sodium bicarbonate has profound effects
on blood pH and serum electrolyte and protein concen-
trations, osmolality and hematocrit, as well as urine com-
position and volume. Serum concentrations of sodium and
plasma protein increase whereas serum potassium concen-
tration declines after administration of sodium bicarbonate.
Serum osmolality increases, with greater increases observed
in horses that are not permitted to drink after administration
of sodium bicarbonate.217,219 Urine flow increases, regardless
of whether the horses are permitted to drink, whereas urine
osmolality may drop, remain unchanged, or increase slightly,
depending on the dose of sodium bicarbonate and whether
the horses have access to water.217,219

Blood pH, both arterial and venous, increases in a dose-
dependent fashion up to dosages of sodium bicarbonate of
approximately 1000 mg/kg, orally. Venous pH increases by
approximately 0.04 units after dosages of 250–300 mg/kg,
orally, and by 0.1 units after dosages of 1000–1500 mg/kg,
orally.214,217–221,223,224 However, the effect of dose is not
entirely predictable, although being a major component of
any increase in pH, and other factors may influence 
the increase in blood pH after administration of sodium 
bicarbonate.

Venous PCO2 increases after administration of sodium
bicarbonate. Venous PCO2 increases by 4 to 8 mmHg after
administration of 250–1500 mg/kg of sodium bicarbonate
orally.214,217,219,220,224–226 Increases in arterial PCO2 have

been reported, but are variable and inconsistent among
studies.227

Increases in serum sodium concentration after adminis-
tration of sodium bicarbonate vary to some extent with the
dose administered. However, it is not possible to determine
the dose of sodium bicarbonate from serum concentrations of
sodium in the horse. Dosages of 1000 mg/kg increase serum
sodium concentrations by approximately 10 mEq/L in horses
not provided with access to water.219,225 Similarly, dosages of
500 mg/kg increase serum sodium concentration by approx-
imately 6 mEq/L.217 However, the increase in serum sodium
concentration is attenuated when sodium bicarbonate is
administered with water.225

Serum potassium concentration declines after administra-
tion of sodium bicarbonate with greater declines occurring
after larger doses.219,225 Serum potassium concentration may
decrease to less than 2.5 mEq/L in resting horses administered
sodium bicarbonate. Serum chloride concentrations usually
decline after administration of sodium bicarbonate, especially
when horses are allowed to drink or water is provided with the
sodium bicarbonate.217,225 The decline in serum chloride con-
centrations is approximately 5–9 mEq/L. Others have not
detected a decline in serum chloride concentration.219

Consistent with the increase in serum sodium concentra-
tion is an increase in serum osmolality, the magnitude of
which depends on dose and access to water. Administration
of dosages of 250 mg/kg increase serum osmolality by less
than 10 mOsmol/kg whereas administration of 1000 to
1500 mg/kg increases serum osmolality by approximately
25 mOsmol/kg.219 Access of the horses to water attenuates
the increase in serum osmolality.217

Plasma protein concentrations are unchanged in horses
that are not provided access to water after administration of
sodium bicarbonate.219 However, plasma protein concentra-
tion declines by approximately 1.0 g/dL (10 g/L) after admin-
istration of 500 mg/kg of sodium bicarbonate in horses that
are permitted to drink.217 The decline in plasma protein con-
centration is likely secondary to an increase in plasma
volume, although such changes have not been detected by
direct measurement of plasma volume.225

Urine flow increases after sodium bicarbonate administra-
tion, regardless of whether the horses have access to
water.217,219 Urine volume in the 12 h after administration of
3 L of water, 250, 1000, or 1500 mg/kg of sodium bicar-
bonate in 3 L of water was 3.3, 3.5, 7.7, and 9.3 L, res-
pectively.228 Horses provided access to water after
administration of sodium bicarbonate increase their water
consumption from control levels of 0.5 L/h to 2.3 L/h.217

The rate of water consumption returns to control levels by
18 h.217 Horses administered sodium bicarbonate and denied
access drink readily when subsequently provided with water
likely indicating enhanced thirst.

Increases in urine volume are associated with increases 
in sodium excretion. During the 24 h after administration 
of 500 mg/kg of sodium bicarbonate, horses excreted
3400 mmol of sodium, compared with 600 mmol during an
equivalent control period.217 The excretion of sodium is dose
dependent, with 12-h sodium excretion of 198, 457, 1700,
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and 2400 mmol after oral administration of 3 L of water, or
250, 1000, or 1500 mg/kg orally, respectively, of sodium
bicarbonate.228 The increase in sodium excretion is asso-
ciated with increased urine osmolality in horses not provided
access to water,228 and decreased osmolality in horses
permitted to drink.217

Urine pH increases by 0.5 to 0.8 units after administration
of 250 to 1500 mg/kg, although there does not appear to be
a dose-dependent effect.217,228 The increase in urine pH is
associated with an increase in urine bicarbonate concen-
tration, with the effect increasing with increasing dosage up
to a dosage of 1000 mg/kg, orally.228 Bicarbonate excretion
in urine is 604, 1034, 2734, and 3370 mEq in the 12 h after
administration of 3 L of water or 250, 1000, or 1500 mg/kg
of sodium bicarbonate, respectively.228

Effect during exercise

Sodium bicarbonate administered a sufficient time before
exercise to induce alkalosis at the start of exercise attenuates
the acidosis induced by intense exercise, and increases blood
lactate and sodium concentrations during exercise.

The venous and arterial pH of horses is higher during
intense exercise after sodium bicarbonate administration
than in untreated animals. This attenuation of acidemia is
associated with higher venous and arterial concentrations 
of bicarbonate and higher PCO2 tensions during and im-
mediately after both intense, but submaximal exercise, and
during work at speeds greater than that which induces
V̇O2max.214,218,227,229,230 Sodium bicarbonate attenuates the
exercise-induced decrease in venous pH (6.97 and 7.06,
respectively, for water or bicarbonate) at the end of a sprint in
horses running on a treadmill.227 Similarly, the decrease in
both arterial and venous blood bicarbonate concentration is
attenuated by sodium bicarbonate administration with
values of 24.5 and 29.7 mEq/L (venous) at end of sprinting
after administration of water or NaHCO3, respectively.227

Blood lactate concentrations during exercise are higher in
horses administered sodium bicarbonate.223,224,227,229,231,232

Blood, plasma or serum lactate concentrations are typically
3–6 mmol/L higher in horses administered sodium bicarbon-
ate, with the increase depending in part on the dose of
sodium bicarbonate, the intensity of exercise and therefore
lactate concentration, and on whether lactate was measured
in whole blood, plasma, or serum. Generally, the increase in
blood lactate concentration is larger when lactate concentra-
tions are higher, as occurs during intense exercise. Not all
investigations have detected an effect of sodium bicarbonate
administration on blood lactate concentrations, possibly
because these studies used low dosages of bicarbonate
(300–600 mg/kg).226,230,233 Increases in blood lactate con-
centration have been attributed to increased movement of
lactate from sites of production in muscle to the blood after
sodium bicarbonate administration. However, muscle lactate
concentrations are not affected by sodium bicarbonate
administration.226,231,233 The lack of apparent effect of alka-
linization on muscle lactate concentrations may be attributa-
ble to the insensitivity of measurement techniques to detect a

reduction secondary to enhanced efflux of lactate from the
muscle. Enhanced rates of lactate efflux and lower lactate
concentrations in muscle have been detected using isolated
dog or rat muscle.234

Sodium bicarbonate administration attenuates the ionized
calcium concentration of serum of horses during intense
exercise (iCa of 1.58 and 1.44 mmol/L before exercise, and
1.69 and 1.49 end sprint, for water and NaHCO3 treatments,
respectively), but does not affect total calcium concentrations
in serum.227 Bicarbonate administration decreases plasma
ammonia concentrations during and after intense exercise,
although this effect is not consistently reported.224,231

Sodium bicarbonate administration does not affect blood
hypoxanthine or xanthine concentrations at rest or during
and after exercise.233

Muscle concentrations of adenosine-5-monophosphate and
inosine-5-monophosphate are lower after exercise in horses
administered sodium bicarbonate.231 However, muscle concen-
trations of glucose-6-phosphate, creatine phosphate, and ATP
before and immediately after intense exercise are not detectably
affected by sodium bicarbonate administration.226,233

Mechanism of action

Muscular work is associated with increases in the concen-
tration of lactate and hydrogen ions in muscle cells. These
changes occur as energy for muscle contraction is provided
by anaerobic glycolysis, the metabolism of glucose to lactate
and pyruvate. Under aerobic conditions lactate is metabo-
lized, and hydrogen ions are consumed, via pyruvate and the
citric acid cycle to carbon dioxide. However, if the oxygen
supply is limiting, as may occur in muscles during intense
exercise, then lactate and hydrogen ions accumulate in the
muscle cells. When the buffering capacity of the cell is
exceeded then the intracellular pH falls, the activity of pH
sensitive processes in the cell declines, and the cell’s ability to
generate power diminishes.235 Sodium bicarbonate may
delay the onset of fatigue by providing additional buffering
and thereby slowing the decline in intracellular pH. How-
ever, whereas metabolic alkalosis favors the release of lactate
from muscle cells, it does not affect cellular creatine phos-
phate and ATP concentrations, nor does it increase mus-
cle performance.236 The mechanism by which sodium
bicarbonate exerts any ergogenic effect is unclear.

Effect on exercise performance

There have been numerous studies of the effect of sodium
bicarbonate on athletic capacity of human beings (see
Heigenhauser234). The findings of these studies are inconsis-
tent and often contradictory. Comparison of the studies is
confounded by the range of doses of sodium bicarbonate
used, including doses that are now regarded as ineffective
(0.2 g/kg and less), the variable time between ingestion and
the exercise test, and the variety of exercise tests employed. A
meta-analysis of studies of the effects of sodium bicarbonate
ingestion by humans on anaerobic performance found that
overall performance was enhanced although the effect size
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ranged from – 0.12 to 2.86, with a mean increase in time to
exhaustion of 27 ± 20%.237 Although the effect on time to
exhaustion was only weakly related to the degree of induced
alkalosis, studies that demonstrated an effect on performance
employed larger dosages and were associated with a greater
decline in pH during exercise (indicating more strenuous
exercise).237

Similar to the use of sodium bicarbonate in human 
beings, studies of the effect of sodium bicarbonate on ath-
letic capacity in horses have produced conflicting results
(Table 66.2). The conflicting results are attributable to differ-
ing study designs using varying breeds of horses, a wide
range of dosages of sodium bicarbonate and differing means
of assessing athletic capacity. Studies that use the time to
fatigue of horse performing exercise above 100%  V̇O2max have
an effect range of –22 to +32% (time to fatigue com-
pared to control), with four studies demonstrating a nega-
tive effect of sodium bicarbonate on time to fatigue and 
one demonstrating a prolongation of time to fatigue. Not 
all these results were statistically significant. In five studies
examining the effect of sodium bicarbonate on times in 
simulated or match races, the effect size varied from –2.4 
to +0.1%, with two studies finding longer race times 

and three detecting shorter times to cover a defined dis-
tance. Again, not all of these results were statistically
significant.

Adverse effects

Gastrointestinal discomfort is frequently reported in human
beings who ingest large quantities of sodium bicarbonate 
(>0.4 g/kg) or insufficient water. Theoretically, cardiac arrhyth-
mias will develop secondary to the serum electrolyte abnormal-
ities encountered after sodium bicarbonate ingestion, but
sodium bicarbonate-induced arrhythmias are not reported in
the horse. The concurrent administration of furosemide and
sodium bicarbonate to horses induces a profound metabolic
alkalosis and severe serum electrolyte abnormalities, and is
associated with dehydration, synchronous diaphragmatic
flutter, and mild diarrhea.238 Concurrent administration of
sodium bicarbonate and furosemide should be avoided. Mild
diarrhea is reported after administration of oral sodium
bicarbonate to horses.219,230 Fatal aspiration pneumonia has
been observed in horses after the inadvertent intratracheal
administration of sodium bicarbonate solution.
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Dosage Number Breed Type of Exercise Effect Effect relative to Comments Reference
(mg/kg of exercise intensity control treatment
body- horses
weight)

1000 6 TB Treadmill Incremental to P +42 s (+32%) time to P < 0.02. Control was 229
110% V̇O2max exhaustion sodium chloride

1000 6 TB Treadmill Incremental to N –40 s (–22%) time to P = 0.05. Control 229
110% V̇O2max exhaustion treatment was water

600 5 STB Treadmill Incremental N –12 s (–5%) run time P > 0.05. Control was 233
exercise to fatigue water

300 6 QH Treadmill, Submaximal P +26.7 s (+2.2%) run No type 1 error rate 223
4.5 m/s, time to fatigue reported, presumably
11° incline Control run time greater than 0.05.

was 1191.8 s Control was water
and corn syrup

1000 12 TB Treadmill 115% V̇O2max N –10 s (–10%) time to P > 0.05. Control was 218
fatigue no treatment

1000 8 STB Treadmill 113% V̇O2max N –9 s (–6%) time to P > 0.05. Control was 227
fatigue water

600 24 TB 1000 m Maximal N +0.1 s (+0.1%) race P > 0.05. Control was 224
match race time water

300 22 STB 1 mile match Maximal P –1.1 s (–0.8%) race P < 0.1. Control was 230
race time powdered dextrose,

salt, and 10 mL water
400 6 TB 1600 m on Maximal P –2.7 s (2.4%) time to P < 0.1. Control was 226

track cover 1600 m water
400 16 TB Simulated Maximal P –0.06 s (–0.004%) P > 0.05. Control was 221

race, 1600 m race time water
1000 12 STB Simulated 1 Maximal N +0.2 s (+0.02%) race P > 0.05. Control was 214
(approx) mile race time water
600 6 STB Simulated Maximal NE 0 min/km (0%) mean P > 0.05. Control was 241

race, 1000 m finishing speed for no treatment
last 1000 m

N, negative effect on performance measure; NE, no effect on performance measure; P, positive effect on performance measure; QH, Quarter Horse; STB,
Standardbred;TB,Thoroughbred.

Table 66.2 Effect of sodium bicarbonate on exercise capacity of horses



Other alkalinizing agents

Administration of sodium citrate, potassium bicarbonate,
ammonium chloride, and tromethamine (TRIS buffer,
THAM) may induce alkalosis in horses.239 However, adminis-
tration of sufficient quantity of these compounds increases
blood pH and bicarbonate concentrations, which are
detectable with appropriate testing. There are no reports 
of the effects of these compounds on athletic capacity.
Administration of calcium carbonate does not affect blood
pH or bicarbonate concentration of horses.240
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Reference ranges for red cell
variables in athletic horses
(Compiled by J. Kingston)

APPENDIX 1a

RBC Hb Hct MCV MCH MCHC
(× 1012/L) (g/L) L/L (fl) (pg) (g/L)

Thoroughbreds
Steel & Whitlock 19601

Mixed aged and sex 9.7 ± 1.3 134 ± 19 0.42 ± 0.05 43.8 ± 4.6 13.8 ± 1.8 315 ± 20
Lumsden et al 19792

Untrained mares 9.0 ± 1.3 148 ± 20 0.41 ± 0.06 45.3 ± 2.1 16.6 ± 0.8 361 ± 12
Revington 19833

At rest 9.5 ± 0.9 151 ± 12 0.42 ± 0.04 43.6 ± 2.2 15.7 ± 0.8 360 ± 13.4
1–3 h before racing 10.8 ± 1.2 166 ± 13 0.47 ± 0.03 45.2 ± 3.3 15.9 ± 1.1 353 ± 12.1

Snow et al 19834

Fit race horses 8.85 ± 0.57 159 ± 11.4 0.43 ± 0.03 48.5 ± 3.1 – –
Allen 19865

Colt stayers 8.7–11.4 141–180 0.38–0.49 39.6–47.2 14.7–17.5 358–380
Colt sprinters 7.8–10.6 124–170 0.32–0.47 40.1–47.0 14.8–17.4 355–380
Filly stayers 8.2–11.4 135–174 0.36–0.47 39.5–46.6 14.5–17.1 355–379
Filly sprinters 7.8–10.5 126–168 0.34–0.46 39.4–47.0 14.5–17.3 358–378

Jablonska 19916

Jumpers
1 month training – 158 ± 26 0.44 ± 0.06 – – –
5 months training – 131 ± 18 0.31 ± 0.05 – – –
7 months training – 140 ± 20 0.37 ± 0.06 – – –

Standardbreds
Steel & Whitlock 19601

Mixed age and sex 8.7 ± 1.4 124 ± 19 0.39 ± 0.04 45.5 ± 4.1 14.3 ± 1.3 314 ± 24
Lumsden et al 19792

In training 8.8 ± 1.0 146 ± 17 0.39 ± 0.04 45 ± 2.4 16.6 ± 0.9 372 ± 12
Rose et al 19837 (submaximal treadmill training)

Untrained 7.8 ± 1.3 122 ± 1.5 0.35 ± 0.04 – – –
3 weeks training 7.2 ± 0.4 115 ± 5.1 0.32 ± 0.03 – – –
7 weeks training 7.2 ± 0.6 129 ± 8.9 0.33 ± 0.02 – – –

Robertson et al 19968

6 weeks light training – 132 ± 3.2 0.36 ± 0.01 – – –
12 weeks full training – 142 ± 3.9 0.38 ± 0.01 – – –

Tyler-McGowan et al 19999

7 weeks of training 6.8 ± 0.2 – – – – –
15 weeks of training 9.8 ± 0.4 – – – – –
28 weeks of training 9.0 ± 0.1 – – – – –
32 weeks of training 8.8 ± 0.3 – – – – –
Overtrained 8.2 ± 0.2 – – – – –

Quarter Horses
Kästner et al 199910

Reining horses 7.71 ± 0.60 129 ± 8.6 0.36 ± 0.02 45.3 ± 1.7 16.7 ± 0.65 370 ± 7.1

Polo horses
Craig et al 198411

5 months into season – 149 ± 3.0 0.39 ± 0.9 – – –
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RBC Hb Hct MCV MCH MCHC
(× 1012/L) (g/L) L/L (fl) (pg) (g/L)

Endurance horses
Carlson et al 197612

Competing horses – – 0.36 ± 0.03 – – –
Rose 198213

Competing horses 7.94 ± 0.19 132 ± 4.1 0.37 ± 0.01 46.6 ± 0.92 16.1 ± 0.26 356.3 ± 4.5
Grosskopf et al 198314

Competing horses – – 0.40 ± 0.04 – – –

Arabian
Jain 198615

Mixed sexes 8.41 ± 1.2 138 ± 21 0.39 ± 0.05 46.9 ± 1.9 16.4 ± 0.9 349 ± 10
Rubio et al 199516

4-year-old males 7.1 ± 1.0 120 ± 7.0 0.43 ± 0.04 57 ± 8.0 17 ± 9.0 280 ± 40

Andalusian
Rubio et al 199516

4-year-old males 8.1 ± 1.1 119 ± 8.0 0.42 ± 0.06 52 ± 5.0 14.9 ± 2.0 270 ± 50

Lipizzan
Cebulj-Kadunc et al 200217

Stallions 8.16 ± 0.06 135 ± 13 0.43 ± 1.3 52.7 ± 0.3 16.6 ± 0.94 314.8 ± 0.94
Mares 7.53 ± 0.07 123 ± 12 0.43 ± 0.04 52 ± 0.39 16.4 ± 0.16 314.9 ± 0.86

Clydesdale
Geiser et al 198418

70 geldings 6.23–9.03 107–14.6 0.28–0.39 44.6 – 38.1

American miniature horse
Harvey & Hambright et al 198519

Mixed sex and age 7.1 ± 1.2 126 ± 19 0.34 ± 0.05 48.4 ± 5.7 – –

Data are ranges or mean ± SD.



APPENDIX 1b
Reference ranges for the
leukogram of athletic horses
(Compiled by J. Kingston)

WBC Neutrophils Lymphocytes Monocytes Eosinophils Platelets
(× 109/L) (× 109/L) (× 109/L) (× 109/L) (× 109/L) (× 109/L)

Thoroughbreds
Steel & Whitlock 19601

Mixed aged and sex 6.35–20.0 1.0–15.4 1.0–16.0 0.02–2.8 0–1.4 –
Lumsden et al 19792

Untrained mares 8.1 ± 1.5 4.1 ± 1.0 3.4 ± 0.8 0.2 ± 0.1 – 239 ± 80
Bayly et al 19833

Six fit mature horses – – – – – 220 ± 40
Revington 19834

At rest 8.8 ± 1.3 – – – – –
1–3 h before racing 10.2 ± 1.7 – – – – –

Snow et al 19835

Fit race horses 8.5 ± 1.9 5.3 ± 1.6 2.95 ± 0.98 – – –
Allen et al 19846

2-year-old in training 6.8–11.1 3.2–6.5 2.3–5.0 0.21–0.90 0.08–0.46 –
3-year-old in training 6.6–11.0 3.3–6.4 2.1–4.8 0.32–0.97 0.07–0.36 –
4-year-old in training 5.8–10.4 3.2–6.3 1.9–3.7 0.30–0.98 0.03–0.34 –

Allen 19867

Colt stayers 6.0–10.6 2.7–6.1 2.0–4.2 0.22–0.98 0.05–0.34 –
Colt sprinters 5.8–10.4 2.4–6.3 2.1–3.9 0.20–1.04 0.06–0.20 –
Filly stayers 6.4–10.6 2.9–6.3 2.1–4.6 0.21–1.01 0.04–0.32 –
Filly sprinters 6.7–10.8 2.6–6.7 2.1–4.5 0.24–0.96 0.06–0.22 –

Standardbreds
Steel & Whitlock 19601

Mixed age and sex 5.0–17.5 1.6–14.3 0.3–10.8 0.05–1.6 0.02–1.6 –
Lumsden et al 19792

In training 7.5 ± 1.3 3.8 ± 0.9 3.1 ± 0.7 0.2 ± 0.1 0.2 ± 0.2 139 ± 44
Rose et al 19838 (submaximal treadmill training)

Untrained 7.0 ± 1.3 – – – – –
3 weeks training 6.5 ± 0.7 – – – – –
7 weeks training 7.0 ± 0.7 – – – – –

Johnstone et al 19919

Mature racing horses – – – – – 157 ± 42
Tyler-McGowan et al 199910

7 weeks of training – 3.8 ± 0.4 2.8 ± 0.1 0.37 ± 0.02 0.18 ± 0.03 –
15 weeks of training – 4.7 ± 0.4 2.5 ± 0.2 0.43 ± 0.06 0.17 ± 0.03 –
28 weeks of training – 4.8 ± 0.3 2.5 ± 0.2 0.45 ± 0.06 0.12 ± 0.01 –
32 weeks of training – 5.0 ± 0.4 2.3 ± 0.2 0.43 ± 0.04 0.12 ± 0.02 –
Overtrained – 4.7 ± 0.3 2.7 ± 0.2 0.49 ± 0.04 0.09 ± 0.01 –

Quarter Horses
Kästner et al 199911

Reining horses 7.53 ± 1.03 4.38 ± 0.51 2.89 ± 0.56 0.14 ± 0.17 0.10 ± 0.13 –
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WBC Neutrophils Lymphocytes Monocytes Eosinophils Platelets
(× 109/L) (× 109/L) (× 109/L) (× 109/L) (× 109/L) (× 109/L)

Endurance horses
Carlson et al 197612

Competing horses 7.5 ± 1.2 4.5 ± 0.9 2.3 ± 0.6 0.33 ± 0.12 0.31 ± 0.2 –
Rose 198213

Competing horses 8.73 ± 0.61 5.42 ± 0.78 2.82 ± 0.20 0.30 ± 0.06 0.46 ± 0.14 –

Arabian
Jain 198614

Mixed sexes 9.53 ± 2.35 4.75 ± 1.5 4.0 ± 1.3 0.42 ± 0.15 0.27 ± 0.11 –

Lipizzan
Cebulj-Kadunc et al 200215

Stallions 7.56 ± 0.13 – – – – –
Mares 7.48 ± 0.18 – – – – –

Clydesdale
Geiser et al 198416

70 geldings 3.9–12.4 2.6–7.2 0.89–3.6 0–0.62 0–0.62 –

American miniature horse
Harvey & Hambright 198517

Mixed sex and age 10.0 ± 2.5 3.7 ± 0.8 5.9 ± 0.9 0.04 ± 0.08 0.3 ± 0.2 –

Data are ranges or mean ± SD.



References ranges for serum
biochemical variables in athletic
horses
(Compiled by J. Kingston)
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Breed Analyte
and/or use

Na K Cl HCO
3
- Total Albumin Globulin Fibrinogen AST

mEq/L or mEq/L or mEq/L or mEq/L or protein g/dL g/dL mg/dL U/L
mmol/L mmol/L mmol/L mmol/L g/dL (g/L) (g/L) (g/L)

(g/L)

Thoroughbreds
Untrained 138 ± 2.2 3.5 ± 0.5 99.5 ± 3.1 – 6.8 ± 0.4 3.2 ± 0.2 3.3 ± 0.4 – 165 ± 33.6

mares1 (68 ± 4) (32 ± 2) (33 ± 4)

Standardbreds
Racing1 140 ± 1.5 3.6 ± 0.4 99 ± 1.0 – 6.4 ± 0.5 3.1 ± 0.2 3.3 ± 0.5 – 217 ± 140

(64 ± 5) (31 ± 2) (33 ± 5)
6 weeks light 140 ± 1.39 3.3 ± 0.3 – – – – – – 336 ± 83

training2

12 weeks full 140 ± 1.73 3.2 ± 0.24 – – – – – – 443 ± 280
training2

7 weeks – – – – 6.7 ± 1.32 3.2 ± 0.29 – – 299 ± 92
of training3 (67 ± 13.2) (32 ± 2.94)

15 weeks – – – – 6.3 ± 0.8 3.3 ± 0.17 – – 337 ± 140
of training3 (63 ± 8) (33 ± 1.7)

28 weeks – – – – 6.7 ± 0.88 3.4 ± 0.17 – – 401 ± 148
of training3 (67 ± 8.8) (34 ± 1.7)

32 weeks – – – – 6.9 ± 0.88 3.7 ± 0.17 – – 425 ± 144
of training3 (69 ± 8.8) (37 ± 1.7)

Overtrained3 – – – – 6.7 ± 0.48 3.7 ± 0.07) – – 645 ± 396
(67 ± 4.8) (37 ± 0.7)

Performance horses
Mixed breeds4 134–144 3.2–4.2 94–104 – 5.5–7.5 2.6–3.8 2.0–3.5 < 400 150–400

(55–75) (26–38) (20–35) < 4

Endurance horses
North 139.1 ± 2.5 3.6 ± 0.4 101.1 ± 2.4 29.5 ± 2.4 7.0 ± 0.4 – – – –

America5 (70 ± 4.0)
Australia6 134 ± 2.8 3.5 ± 0.3 – 26.9 ± 1.5 6.0 ± 0.7 3.0 ± 0.4 – – 204 ± 107

(60 ± 7.0) (30 ± 4.0)
South 139 ± 3.4 3.3 ± 0.6 – – 6.8 ± 0.3 – – – –

Africa7 (67.5 ± 3.3)

Quarter Horses
Reining horses8 143 ± 1.7 3.4 ± 0.8 100 ± 1.6 – – – – – –

Three-day event horses
Australia9 136.8 ± 2.7 3.4 ± 0.4 99.5 ± 2.7 – 6.8 ± 0.5 4.7 ± 0.3 – – 174–401

(68 ± 4.7) (47.1 ± 2.7)
North 137.6 ± 4.4 3.6 ± 0.3 105 ± 5.3 – 6.5 ± 0.4 4.0 ± 0.2 – – 333 ± 85

America10 (65 ± 4.0) (40.1 ± 2.2)

Showjumpers
In competition 138 ± 0.7 4.0 ± 0.1 105.7 ± 0.6 22.5 ± 0.9 6.7 ± 0.2 – – – 105 ± 10

(67 ± 2.0)

Hunter/Thoroughbreds
In training11 – – – – – – – – 285 ± 42

Heavy breeds
English shire – – – – 7.2 ± 0.6 2.8 ± 0.3 – – 172 ± 28

horses (72 ± 6.0) (28 ± 3.0)
Clydesdales 137.1 ± 5.2 3.6 ± 0.5 101.9 ± 4.6 – 7.2 ± 0.1 3.6 ± 0.5 – – 234 ± 163

(72 ± 0.8) (36 ± 5.0)

Polo horses
In competition12 136 ± 3.4 4.3 ± 0.8 98 ± 2.5 30.7 ± 1.7 7.3 ± 0.6 – – – –

(73 ± 5.9)

Driving horses and ponies
Mixed breeds13 137 ± 2.0 3.4 ± 0.5 100 ± 2.0 – 6.5 ± 0.4 – – – 179 ± 61

(64.5 ± 4.0)

American miniature horses
Mixed sexes14 136 ± 2.2 4.3 ± 0.3 – – 6.6 ± 0.6 – – – 189 ± 33

(66 ± 6.0)
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Analyte

CK LDH Glucose GGT SDH AP Blood Creatinine Total Ionized 
U/L U/L mg/dL U/L U/L U/L urea nitrogen calcium calcium

(mmol/L) mg/dL mg/dL mg/dL mg/dL
(mmol/L) (mmol/L) (mmol/L) (mmol/L)

44.5 ± 22.3 153 ± 36.7 94.9 ± 27.7 – 1.8 ± 1.2 59 ± 16.7 49.6 ± 9.2 1.3 ± 0.2 11.9 ± 0.4 –
(5.27 ± 1.54) (17.7 ± 3.3) (115 ± 18) (2.89 ± 0.1)

38.5 ± 40 140 ± 33.5 81.9 ± 9.36 – – 45.6 ± 10.8 31.1 ± 4.8 1.3 ± 0.2 11.9 ± 0.52 –
(4.55 ± 0.52) (11.1 ± 1.7) (115 ± 18) (2.98 ± 0.13)

301 ± 177 – – 16 ± 5.9 – – – – – –
(301 ± 177) (16 ± 5.9)
231 ± 104 – – 24 ± 12.5 – – – – – –
(231 ± 104) (24 ± 12.5)
282 ± 216 – – 20 ± 13.6 – – – – – –

194 ± 40 – – 40 ± 31.2 – – – – – –

210 ± 69 – – 35 ± 28.4 – – – – – –

223 ± 64 – – 51 ± 36.8 – – – – – –

396 ± 524 – – 70 ± 48 – – – – – –

100–300 < 250 70–140 10–40 – 70–210 11–22 1.1–1.8 10.8–13.2 –
(4–8) (4–8) (108–132) (2.7–3.3)

– – – – – – – – 12.2 ± 0.6 –
(3.04 ± 0.15)

80 ± 102 365 ± 140 98.2 ± 9.5 – – 159 ± 54 – 1.2 ± 0.2 12.7 ± 0.7 –
(5.45 ± 0.53) (106 ± 17.7) 3.17 ± 0.17

– – 68.4 ± 12.6 – – – 15 ± 3 – 12.4 ± 0.4 –
(3.8 ± 0.7) (5.5 ± 1.0) (3.1 ± 0.1)

– – – – – – – – 11.99 ± 0.64 –
(2.99 ± 0.16)

117–311 – 117 ± 12.6 – – 138–251 17 ± 3 1.48 ± 0.19 11.9 ± 0.64 –
(6.5 ± 0.7) (5.9 ± 1.1) (131 ± 16.4) (2.98 ± 0.16)

218 ± 149 – 100.8 ± 7.2 – – – 16.5 ± 1.4 1.38 ± 0.25 12.8 ± 0.8 6.82 ± 0.4
(5.6 ± 0.4) (5.9 ± 0.5) (121 ± 21.7) (3.2 ± 0.2) (1.7 ± 0.1)

48 ± 4.0 375 ± 30 – – – – – – 12.8 ± 0.28 –
(3.3 ± 0.1)

115 ± 39 645 ± 168 – – – – – – – –

58 ± 16 – – 24.2 ± 6.0 0.8 ± 0.2 54 ± 11 – – – –

56 ± 22 – 75.9 ± 19.2 – – 91 ± 36 14.5 ± 3.2 1.7 ± 0.3 11.9 ± 1.1 –
(4.21 ± 1.1) (5.2 ± 1.14) (151 ± 26.5) (2.97 ± 0.27)

– – – – – – – – 12.9 ± 0.24 –
(3.21 ± 0.06)

35 ± 9 – 97.2 ± 9.0 – – – 15 ± 3 – 12.0 ± 0.4 –
(5.4 ± 0.5) (5.5 ± 1.1) (3.0 ± 0.1)

273 ± 136 – 91 ± 12.4 11 ± 4.4 – 181 ± 53 23.7 ± 3.8 1.0 ± 0.2 11.6 ± 0.4 –
(5.1 ± 0.7) (8.5 ± 1.4) (88.4 ± 17.7) (2.9 ± 0.1)
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Notes
Page numbers in italics refer to figures:

those in bold refer to tables or boxed
materials.

To save space in the index the following
abbreviations have been used:
EIPH - exercise-induced pulmonary

hemorrhage
EPM - equine protozoal

myeloencephalitis
HYPP - hyperkalemic periodic

paralysis
IAD - inflammatory airway disease
NSAIDs - non-steroidal anti-

inflammatory drugs
RAO - recurrent airway obstruction

As the subject of this book refers to
horses, this has not been used as a
main entry. Readers are advised to
seek more precise terms. Please note
vs. indicates a comparison.

A
A band, muscle, 48, 49, 51
abaxial sesamoid fractures, fetlock joint,

292
abdomen, penetrating wounds,

1185–1186
abducens nerve (cranial nerve 8),

evaluation, 516
abortion, equine herpesvirus, 660
abscess(es)

laminar, 272–274, 273
lymph node, 674
pleuropneumonia, 692
retropharyngeal see retropharyngeal

abscesses 
Streptococcus equi infection, 568, 674

absorption see gastrointestinal tract
acaricides, problems with, 1162
accelerometers, kinetic gait analysis, 214,

215
accessory ligaments, deep digital flexor

tendon see deep digital flexor (DDF)
tendon

accessory nerve (cranial nerve 11),
554–555

acclimatization, thermoregulation, 924,
925–927, 926, 926

acepromazine
exertional rhabdomyolysis therapy, 40,

83, 1096, 1187

endurance horses, 1109, 1116
Thoroughbred race horses,

1062–1063
exhausted horse syndrome, 837–838
HYPP prophylaxis, 95
laminitis therapy, 276, 910, 1125
performance effects, 1280, 1281
as preanesthetic, 1169, 1170
as sedative, 975–976, 1179
threshold levels, 1263

acetabulum fractures, ultrasonography,
172

acetate, as energy source, 779
acetylcholine, muscle contraction, 52
acetylcysteine, guttural pouch empyema

therapy, 680
acetylpromazine, 1280–1281
acetylsalicylic acid (aspirin), 486, 490

antithrombotic effects, 492
combination therapy, 493
dosage regimen, 489
EIPH therapy, 641
laminitis therapy, 276, 910, 1125
metabolism/elimination, 488
palmar foot pain therapy, 1126

Achilles tendon see gastrocnemius
(Achilles) tendon

acid–base balance, 872–897
alkalinizing substances, 891–892
assessment, 874–878, 883

constant values, 877
measurements, 873–874

dehydration, 888
EIPH, 890
exercise and see acid–base balance, in

exercise 
geriatric horses, 890
idiopathic laryngeal hemiplegia,

890–891
muscle see acid–base balance, muscle 
NSAIDs, effect of, 1274
nutrition, 889–890
physiochemistry determinants,

875–878
advantages/disadvantages, 875
[Atot], 876–878
carbon dioxide system, 878
important variables, 877
strong ion difference [SID], 876
strong ions, 875–876, 877
weak acids/bases, 876–878, 877

polo, 887
regulation, 872–873

resting, 889
sampling effects, 873
showjumping, 887
Standardbred horses, 882
terminology, 876
Thoroughbred horses, 882
three-day event horses, 887
training, 888–889
see also acidosis; alkalosis

acid–base balance, in exercise, 872–874,
889–890
acidosis, 874
clinical notes, 887–888
muscle(s)

[Atot], 882
carbon dioxide, 882–883
draught, 883
fatigue, 874
strong ion difference [SID],

881–882, 882
plasma changes, 883–888

endurance exercise, 886–887
high-intensity exercise, 882, 882,

884–885, 885
partial pressure of arterial 

carbon dioxide (PaCO2), 
883–884

sampling effects, 883
steady-state exercise, 884, 884
steady-state submaximal exercise,

885–886
strong ion difference [SID], 883

acid–base balance, muscle, 872, 873,
878–883, 879–880
acidosis, 66, 874, 874
biochemistry, 880–881
buffering systems, 66, 879–880

carnosine, 66
training effects, 888–889

in exercise see acid–base balance, in
exercise 

physiochemistry, 881–883
acidosis

acid–base balance, in exercise, 874
blood gas analysis, 961
lactic, 899
metabolic see metabolic acidosis 
muscle, 66, 776, 874, 874

fatigue, 776, 874, 874
acid secretion, equine gastric ulcer

syndrome, 1040–1041
acids, weak, 876–878, 877
aciduria, acute renal failure, 913–914

INDEX



acrylic adhesives, hoof wall defect repair,
268–269

actin, 48–49, 50
Actinobacillus infections

endocarditis, 745
IAD, 621, 684, 685
pleuropneumonia, 689, 693

activated charcoal, Heinz body hemolytic
anemia therapy, 984

activated partial thromboplastin time
(APTT), acute blood loss, 975

active assisted range of motion (AAROM),
450–451

active flexion range of motion, 450
active lateral bending range of motion,

448–450
active range of motion (AROM), 

448–450
actomyosin ATPase, 54
acupuncture

back disease/disorder therapy,
469–470, 1113

exertional rhabdomyolysis, 1109
muscle pain therapy, 1111
tarsal osteoarthritis therapy, 405

acute exertional rhabdomyolysis see
exertional rhabdomyolysis (ER)

acute renal failure (ARF), 913–915
epidemiology, 915
etiology/pathophysiology, 915

exercise-associated dehydration, 910
history/presenting complaint, 913
laboratory examination, 913

creatine clearance ratios, 914
physical examination, 913
prevention, 915
therapy, 914–915
urinalysis, 913–914

adaptive immune response,
exercise/training effects, 1000–1001

Addison’s disease, 843–844
adduction changes, hindlimb lameness

detection, 242
adductor muscle, 437
adenosine monophosphate (AMP), muscle

contraction, 55
adenosine triphosphate (ATP)

exercise, 778
degradation products, 777

hydrolysis, 880
adenylate cyclase, signal transduction,

794, 794–795
Adequan see polysulfated

glycosaminoglycans (PSGAGs)
adhesion molecules, 153

see also individual molecules
adiponectin, 803
adipose tissue, lipid storage, 775
adrenal exhaustion, 843–844
adrenal glands, 798–800

control, 843
diseases/disorders, 843–845

adrenal exhaustion, 843–844

anabolic steroid administration,
1276

hyperaldosteronism, 844–845
insufficiency, 843–844

hormone secretion, 843
cortex, 798, 799–800
exercise, 1016–1017
medulla, 798–799

see also individual hormones
adrenaline see epinephrine
adrenergic receptors

�-adrenergic receptors, 798
�1-receptor agonists, 1170, 1170
�2-receptor agonists, 1281

�-adrenergic receptors, 798–799
antagonists see beta-blockers 

adrenocorticotrophin (ACTH), 795, 796
Cushing’s disease, 1142–1143, 1144
exercise/training effects, 1001
geriatric horse, 1141
intestinal motility/transit, 1020
secretion, 843
stimulation tests, 843
stress-associated diarrhea, 1046
stress response, 1001–1002
transport, effects of, 1247

advanced placement, definition, 217
Aedes (mosquitoes), 1163–1164
aerobic capacity (VO2max), 701–704, 817

breed differences, 781, 781
conductive transport, 702, 702
determination of, 703
diffusive transport within muscle, 702
exercise testing, 29–30, 773
geriatric horses, 1139
heart rate vs., 712
heart size vs., 703
indicators of

lactate threshold (VLa4), 774
V200, 774–775

limitations to, 701
mitochondrial content effects, 720
other species vs., 3–4
as performance indicator, 3, 700, 771
training effects, 720, 721, 721–722,

782
warm-up effects, 779–780, 780

aerobic pathways, muscle, 54–55
aerosol therapy, recurrent airway

obstruction, 630–631
African horse sickness

classification, 1229
myocarditis, 760

agar gel immunodiffusion, 978, 982
aged horses see geriatric horses
aggrecan, 156
Agriculture, Fisheries and Conservation

Department (Hong Kong), 1236
Agri-Food and Veterinary Authority of

Singapore, 1236
air quality

IAD therapy, 622
during transport, 1241

air tonometry, gastric ischemia, 1018
air transport

biochemistry/hematology, effects on,
1247

heart rates, 1246
‘jet-lag,’ 1242, 1248
shipping crates, 1240, 1240
weight loss, 1243, 1244
welfare legislation/standards, 1233

airways see respiratory system
alar folds, redundant (collapsed), 559–561

therapy, 560, 560
albumin, 944–945

exercise responses, 945
fluid resuscitation, 1190
hypoalbuminemia, right dorsal colitis,

1043
serum values, 1300–1301

uses, 953
synovial fluid dynamics, 156

albuterol (salbutamol), 1278
chronic obstructive pulmonary disease

therapy, 1097
EIPH therapy, 641
IAD therapy, 616
physiological effects, 605
RAO therapy, 631
threshold levels, 1263

aldosterone (ALDO), 799–800
functions/effects, 865
geriatric horse, 1141
potassium homeostasis, 799–800
secretion, 843

alfalfa hay
composition, 823
roughage/dietary fiber, 822–823

algometry, 453
alkaline phosphatase, 944, 959

bone-specific, 126
Cushing’s disease, 1142
exercise responses, 945
intestinal, 959

alkalinizing substances, 891–892,
1282–1286
drug testing, 1259

alkali reserve, definition, 876
alkaloid toxicity, L-gamma-glutamyl

transaminase, 959
alkalosis

blood gas analysis, 961
furosemide-induced, 892, 1273
metabolic see metabolic alkalosis 

allantoin, levels during exercise, 777–778
�-motor neurons, 50, 52
alternative/traditional therapies

acupuncture see acupuncture 
chiropracty, 468–469, 1113
dorsal metacarpal complex therapy,

321, 322
proliferative periostitis

(metacarpus/metatarsus) therapy,
337

see also manipulation; massage
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altrenogest
back disease/disorder therapy, 468
estrus, prevention of, 1194
stallion behavior modification, 1196
test therapy, 1193

aluminium hydroxide, equine gastric ulcer
syndrome, 1039

alveolar-capillary oxygen diffusion, arterial
hypoxemia, 713

alveolar hypoventilation, exercise-induced
arterial hypoxemia, 713

alveolar macrophages see macrophages,
alveolar

amantadine, viral respiratory tract
infections, 663

ambient temperature effects, metabolism,
779

American Endurance Ride Conference
(AERC), 1105

American miniature horses
hematology, reference values, 1296
leukograms reference values, 1298
serum biochemistry reference values,

1300–1301
amikacin

adverse reactions, acute renal failure,
915

pleuropneumonia therapy, 690
amino acids, nutritional supplements,

831–832
aminocaproic acid

in acute blood loss, 976, 976
EIPH, 641

aminoglycoside antibiotics
acute renal failure, 915
equine pleuropneumonia therapy, 689
see also individual drugs

aminophylline, recurrent airway
obstruction therapy, 630

amiodarone, atrial fibrillation therapy, 735
ammonia

levels during exercise, 777–778
during transport, 1241, 1241

ammonium chloride, performance effects,
1286

amphetamines, 1278–1279
see also individual drugs

ampicillin, pleuropneumonia therapy, 690
amylase, 960
amylin, 801
anabolic steroids, 1275–1276

adverse effects, 1276
drug testing, 1259, 1265–1266
estrus, prevention of, 1195
fertility, effect on, 1198
performance effects, 1275–1276

anaerobic respiration, 59, 65–66
capacity

estimation, 775
training effects, 783

glycogen depletion, 66
glycolysis, 6
lactate production, 65–66, 66

pathways, 55
pH decline, 65–66, 66

anaerobic threshold, definition, 55, 65
analagesia

epidural, 378
analgesia

acute blood loss, 976
cold therapy see cold therapy 
colic, 1109
collateral ligament injuries/tarsal

luxations, 396
in competition, 1102
diagnostic

collateral ligament injuries/tarsal
luxations, 394

condylar fractures
(metacarpus/metatarsus), 329

dorsal cortical stress fractures of
MC-3, 324

dorsal metacarpal disease, 320
EPM, 524
feet examination, 267
hindlimb lameness, 1087
osteochondrosis dissecans of the

tarsus, 390
palmar foot pain, 281
proliferative periostitis

(metacarpus/metatarsus), 335
small metacarpal/metatarsal bone

fractures, 339
suspensory origin, stress remodeling,

343
tarsal osteoarthritis, 403

endurance horses, 1109, 1111, 1115
exertional rhabdomyolysis, 82–83,

1062–1063, 1109, 1187
fibrotic myopathy, 103
gastrocnemius desmitis, 408
heat therapy see heat therapy 
hoof injuries, 272
laminitis therapy, 276
metastatic strangles, 680
muscle pain, 1111
osteoarthritis, 360, 361

tarsus, 405–406
osteochondrosis dissecans

of stifle, 378
of tarsus, 392

patellar luxation, 379
performance effects, 1274
polo ponies, injury, 1120
preanesthetic, 1169
sedation, emergency, 1177
superficial digital flexor tendinitis, 

408
suspensory desmitis, 1111
Thoroughbred race horses, 1062–1063
transcutaneous electrical nerve

stimulation (TENS), 468
see also anesthesia; individual analgesic

drugs/treatments
Anaplasma phagocytophilum, mites as vector,

1164

Andalusian horses, hematology reference
values, 1296

androgens, secretion, 843
anemia, 951–952, 967–990

aplastic
bone marrow biopsies, 971
clinical features, 989

compensatory mechanisms, 967
definition, 967
diagnosis, 967–974

bilirubin levels, 959
blood gas analysis, 973
bone marrow evaluation, 969–972,

972
clinical signs, 967–968
copper measurements, 973–974
folic acid, 974
hematology, 968–969
iron measurements, 973
serum biochemistry, 972
urinalysis, 972–973
vitamin B12, 974

etiology/pathophysiology, 951, 974,
974–990
acute blood loss, 974, 975–977
chronic blood loss, 974, 977
haemorrhage, 951
intravascular hemolysis, 952
parasitic infections, 951
tissue hypoxia, 967

hemolytic (red cell destruction), 974,
977–985
autoimmune see immune-mediated

hemolytic anemia 
Heinz body, 969, 969, 970, 974,

984, 984–985, 985
serum biochemistry, 972

heparin, administration of, 990
hypoproliferative, 985–990

anemia of inflammatory disease,
974, 985–986, 987

iron-deficiency, 974, 986–987, 987
nutritional deficiencies, 974,

987–988
recombinant human erythropoietin,

952, 969, 974, 988–989
inflammatory disease and, 974,

985–986, 987
macrocytic, 952
RAO, 627
see also individual diseases/disorders

anemia of inflammatory disease (AID),
974, 985–986, 987

anesthesia, 1167–1178
diagnostic see nerve blocks (diagnostic) 
exhausted horses, 1175–1177
general, in radiography, 459
history, 1167–1168
induction, 1171, 1171–1172

drugs used, 1172
endotracheal intubation, 1172,

1172
injuries/trauma, 1179–1180
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anesthesia cont’d.
intra-articular see intra-articular

anesthesia 
intravenous, 1171

recovery from, 1171–1172
maintenance, 1173

drugs used, 1172
monitoring, 1173–1174
padding/positioning, 1172–1173, 1173
physical examination, 1168–1169
postoperative period, 1174, 1174–1175

patellar fractures, 384
ventilation, 1175, 1175

preanesthetic hematology, 1169
preanesthetic medications, 1169,

1169–1170
timing/animal preparation, 1170–1171
see also analgesia; individual drugs

aneurysms
aortic, 761
Strongylus infection, 761

angiotensin converting enzyme (ACE)
inhibitors, aortic valve regurgitation
therapy, 757

angiotensin II, 804
angiotensinogen, 804
angiotensin, thirst control, 861
‘angle of ease,’ definition, 154
anhidrosis, 929–931

diagnosis, 929–930
endurance horses, 1108
epidemiology, 930
etiology/pathophysiology, 930

hyperthermia, 1108
history/presenting complaint, 929

tachypnea, 929
physical examination, 929
prevention, 930–931
prognosis, 930
therapy, 930
three-day event horses, 1099

anion gap, definition, 876
anionic diets, synchronous diaphragmatic

flutter, 911–912
anions

fluid replacement therapy, 902
strong acid, 875–876, 876

ankylosis
diagnosis, 463
lumbosacral region, 466

annular ligament desmitis, 204, 204–205,
205

Anoplocephala perfoliata see tapeworm
infections

antacids, 1039
see also individual drugs

antebrachiocarpal (ABC) joint
arthroscopy, 190, 190
articular cartilage ultrasonography,

170
anthelmintics

allowable limits in competition, 1101
cranial mesenteric parasitic arteritis, 761

Cyathostome infection, 1160–1161
Parascaris equorum therapy, 1158–1159
see also individual drugs

anti-arrhythmic drugs
aortic/great vessel rupture, 761
atrial fibrillation therapy, 735
myocardium, diseases of, 759
ventricular tachycardia, 38
see also individual drugs

antibiotics
allowable limits in competition, 1101
aminoglycoside, 689, 915
arytenoid chondritis, 586
condylar fractures

(metacarpus/metatarsus), 331
hooves, trauma, 272
jugular vein thrombosis, 764
laminitis, 276
preanesthesia, 1170
septic arthritis, 362–363
small metacarpus/metatarsus bone

fractures, 341
Streptococcus equi infection, 679
temporohyoid osteoarthropathy, 593
viral respiratory tract infection,

662–663
see also individual drugs

antibodies, exercise/training effects, 1001
anti-cancer drugs, fertility effects, 1198
anticholinergics

IAD therapy, 620
RAO therapy, 629, 631
see also individual drugs

anticoagulant drugs, laminitis therapy, 276
antidiuretic hormone (ADH) see arginine

vasopressin (AVP)
antifibrinolytic agents, 976

see also individual drugs
antigen-specific lymphoproliferation,

exercise/training effects, 1003
antihistamines

equine gastric ulcer syndrome, 1039
gastric ulceration, 1065–1066
RAO therapy, 630
Thoroughbred race horses, 1065–1066
see also individual drugs

antihypertensive drugs, EIPH therapy, 640
anti-inflammatory drugs, 486–487

atrial arrhythmia, 739
capsulitis, 351–352
cecal emptying defect, 1045
cervical stenotic myelopathy, 522–523
collateral ligament injury, 372
corticosteroids see corticosteroids 
cruciate ligament injury, 375
desmitis therapy, 353
dorsal metacarpal complex, 321
endurance horses, suspensory desmitis,

1111
eye injury, 1188
feet/hoof injuries, 1061, 1135
interspinous injections, 457–458
joint injuries/disease, 1057

see also individual joints
laminitis, 1125
muscle pain, 1111
non-steroidal see non-steroidal anti-

inflammatory drugs (NSAIDs) 
osteochondral fragmentation, 355
osteochondrosis dissecans of stifle, 378
palmar foot pain, 1126
patellar ligament desmitis, 380
periarticular disease therapy, 365
show horses, 1135
steroids see corticosteroids 
stifle injury, 1129
suspensory desmitis, 1111
suspensory ligament injury, 1060
synovitis, 350
tarsus, inflammation/arthritis, 1128
tenosynovitis, 366
Thoroughbred race horses

feet/hoof injuries, 1061
intermittent dorsal displacement of

the soft palate, 1065
joint injuries/disease, 1057
suspensory ligament injuries, 1060

upward fixation/chondromalacia, 382
vertebral fracture, 527
see also individual drugs

antimicrobial therapy
EPM therapy, 525
interstitial pneumonia, 647
pleuropneumonia, 689–690, 690
Streptococcus equi infection, 679–680
tracheal obstructive disease, 595
see also antibiotics; specific drugs/drug

types
antioxidant supplementation, 832

exertional rhabdomyolysis prevention,
87

show horses, back problems, 1137
antithrombotic therapy, 492

laminitis therapy, 276
see also individual drugs

antiviral agents, respiratory tract infection
therapy, 662–663

aortic aneurysms, 761
aortic insufficiency, 755–757

epidemiology, 757
etiology/pathophysiology, 757
examination, 756
history, 755
prognosis, 757
therapy, 756–757

aortic/large vessel rupture, 761
aortic valve regurgitation, 755–757

color Doppler echocardiography, 755,
756, 756

M-mode echocardiography, 756
prevalence, 745
two-dimensional echocardiography,

755, 756, 756
aortoiliacofemoral thrombosis, 762–763

Strongylus infection, 762
apical sesamoid bones see sesamoid bones
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aplastic anemia
bone marrow biopsies, 971
clinical features, 989

Appaloosa horses see Western performance
horses

appetite, hormones, 802–804
Arabian horses

aerobic capacity (VO2max), 781, 781
digestible energy requirements, 817
endurance horses, 1105–1106
muscle tonicity, 452
reference values

hematology, 1296
iron, 973
leukograms, 1298

speeds, 3
arena footing, show horses, 1133, 1135
arginine vasopressin (AVP), 797

endothelin effects, 806
in exercise, 1019

systemic effects, 865
geriatric horse, 1141
metabolism, effect on, 772
splenic contraction, 1020
thirst control, 861

arsenic
allowable limits in competition, 1101
threshold levels, 1263

arterial blood gases, 36
see also arterial oxygen content (CaO2)

arterial blood pressure
anesthesia

maintenance in, 1171–1172
monitoring in, 1173

exercise, 808
measurement, exercise testing, 13

arterial oxygen content (CaO2)
exercise effects, 713
oxygen delivery, 706–707
training effects, 721, 722

arteritis
cranial mesenteric parasitic, 761
parasitic, 761–763
verminous, Strongylus, 1158

arthritis
etiology/pathophysiology, 156–157
osteoarthritis see osteoarthritis 
pain, 156
pastern, diseases/disorders, 312,

313–315
polo ponies, 1121
septic see septic arthritis 
therapy, 157

capsaicin, 157
corticosteroids, 157
extracorporeal shockwave therapy,

536
glucosamine, 1121
hyaluronic acid, 1121
isoxsuprine, 1121
NSAIDs, 157
shoeing, 1121

see also degenerative joint disease (DJD)

arthrocentesis
dental disease, 1035
stifle, diseases/disorders, 369

arthrodesis
pastern luxation/subluxation, 312,

313, 314
pastern osteochondrosis dissecans, 315,

316
septic arthritis, 363
suspensory apparatus rupture, fetlock

joint, 298
tarsal osteoarthritis therapy, 405, 406

arthrography, tarsal osteoarthritis therapy,
406

arthroscopy, 188–209
complications, 189
equipment, 189
indications for, 188
techniques, 188–189
see also individual joints

articular cartilage, 152
antebrachiocarpal joint,

ultrasonography, 170
back diseases/disorders, 463
lesions, arthroscopic therapy, 202, 202
radiography, 463
ultrasonography, 168, 170, 170

articular processes, 435–436
back diseases/disorders, 463–464
osteoarthritis, 458

artificial insemination (AI), 1197
aryepiglottic folds, 552

axial deviation see axial deviation of the
aryepiglottic folds (ADAF) 

arytenoid cartilage, 552
anatomy, 587
chondritis see arytenoid chondritis 
removal see arytenoidectomy 

arytenoid chondritis, 584–587
endoscopy, 585, 585, 586
etiology/pathophysiology, 587, 1065
examination, 585
history/presenting complaint, 585
prevention, 587
prognosis, 587
radiography, 585
rostral displacement of

palatopharyngeal arch, 589
Standardbred race horses, 1084
therapy, 585–587, 1065
Thoroughbred race horses, 1065

arytenoidectomy
arytenoid chondritis therapy, 586–587

Thoroughbred race horses, 1065
laryngeal hemiplegia therapy, 582–583,

583
palatopharyngeal arch, rostral

displacement, 589
arytenoideus transversus muscle, 552
aseptic techniques

arthroscopy, 188
diagnostic anesthesia (nerve blocks),

252–253

aspartate aminotransferase (AST), 944,
957
back diseases/disorders, 448, 462
Cushing’s disease, 1142
exercise, 945

associated dehydration, 900
testing, 17

exertional rhabdomyolysis, 39–40, 81,
82, 83, 900, 1187
endurance horses, 1109

hepatopathy, 957
muscle pain, 1111
myopathy, 956, 957
normal values, 17
overtraining, 846
Parascaris equorum infection, 1158
serum values, 1300–1301
subclinical myopathy, 39–40
transport, levels in, 1245

Aspergillus
guttural pouch mycosis, 591
interstitial pneumonia, 647
mycotic rhinitis, 562

Aspergillus boydii, mycotic rhinitis, 561
Aspergillus fumigatus

mycotic rhinitis, 561
RAO, 631, 633

aspirin see acetylsalicylic acid (aspirin)
assisted cooling

anhidrosis therapy, 930
exercise-associated dehydration therapy,

900
three-day event horses, 1100–1101

assisted reproduction, 1197–1198
Association of Racing Commissioners

International (ARCI), drug/medication
rules, 1261–1262

asymmetric gaits, 217, 218, 219
asymmetric muscle atrophy, EPM, 524,

524
ataxia

back diseases/disorders, 465
cervical stenotic myelopathy, 465

forelimbs, 518
EPM, 465
equine degenerative

myeloencephalopathy, 465, 528
equine herpesvirus vasculitis, 465
head injury, 1187
spinal

cerebrospinal fluid cytology, 517
diagnosis, 516
differential diagnosis, 517–518

atlantoaxial subluxation, 525, 526
[Atot]

acid–base balance, 876–878
definition, 876
high-intensity exercise, 884–885, 

885
incremental steady-state exercise, 884,

884
muscle in exercise, 882

atrial enlargement, heart failure, 748
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atrial fibrillation, 36–37, 732–737
epidemiology, 737
etiology/pathophysiology, 736–737

dehydration, 910
electrolyte imbalance, 36

frequency, 730
history/presenting complaint, 36,

732–733
epistaxis, 36, 732
mitral regurgitation, 732

laboratory examination, 37, 733
echocardiography, 733, 733, 734
electrocardiography, 37, 37, 732,

732, 733, 733, 734, 1095
electrolyte status, 733

physical examination, 733
detection in exercise testing, 12

prepurchase examination, 1205
prognosis, 37, 736
therapy, 37, 735–736
Thoroughbred race horses, 1066
three-day event horses, 1095, 1098,

1098
atrial natriuretic peptide (ANP), 806

blood pressure in exercise, 808
geriatric horse, 1141
metabolism, effect on, 772
sodium excretion, 863–864

atrioventricular (AV) block, 742
electrocardiography, 742, 743
frequency, 730
prepurchase examination, 1205

atropine
joint/tendon disease therapy, 507
in preanesthesia, 1169
RAO therapy, 629
threshold levels, 1263

auscultation, equine pleuropneumonia,
687

Australia
Department of Agriculture, Fisheries

and Forestry, 1236
orthopedic injury incidence, 481

autoagglutination, anemia, 970
autoimmune hemolytic anemia see

immune-mediated hemolytic anemia
avulsion

capitus muscle, 591, 591, 591–592
hoof, 271

axial dens fracture, 526
axial deviation of the aryepiglottic folds

(ADAF), 34, 577–579
endoscopy, 34, 34

treadmill, 578, 578
therapy, 578, 579

trans-endoscopic laser resection, 34

B
Babesia caballi

infection, 979, 980, 981
mites as vector, 1164

Babesia equi see Theileria equi

babesiosis (equine piroplasmosis), 979,
980, 981

Bacillus thuringiensis toxin, mosquito
control, 1163

back (spine)
active assisted range of motion,

450–451
anatomy, 434–437

articular processes, 435–436
intervertebral discs, 435
ligaments, 436, 451
lumbosacral junction, 435, 436
mamillary processes, 434
muscles, 435, 436
normal radiography, 459–460
processes, 434, 435
sacroiliac junction, 436
thoracolumbar vertebral column,

434, 434, 435
transverse processes, 434, 436
vertebral bodies, 435
vertebral motion segment, 434
zygapophyseal joint capsule,

435–436
see also vertebrae 

diseases/disorders see back
diseases/disorders 

epaxial muscle groups, 436, 437
pain see back pain 

back diseases/disorders, 461–467
degenerative joint disease, 463
diagnosis see back diseases/disorders,

diagnosis 
dressage horses, 441
historical perspective, 433–434
neurologic disease, 465
pain see back pain 
predisposing factors, 442–443

cold back, 443, 446
sacropelvic pathology, 465, 467
show horses, 441, 1137–1138
soft tissue injuries, 447, 462–463
Standardbred harness race horses, 441
therapy, 466, 467–468

acupuncture, 469–470
antioxidants, 1137
chiropracty, 468–469
cold therapy, 1137
corticosteroids, 1137
manipulation, 1137
massage, 1137
muscle relaxants, 1137
NSAIDs, 442, 467, 1137
physical therapy, 470, 1137
stretching, 1137
therapeutic ultrasound, 1137

thoracolumbar osseous pathology,
463–465
articular pathophysiology, 463
articular process degenerative

disease, 463–464
impinged/over-riding spinous

processes, 464

spondylosis, 464
vertebral fractures, 464–465
vertebral lamina stress fractures,

464
Thoroughbreds, 462, 1063
trauma, 442
vertebral anomalies/deformities, 462
Western performance horses, 441
see also specific pathologies

back diseases/disorders, diagnosis,
437–461, 441
active assisted range of motion

(AAROM), 450–451
active range of motion (AROM),

448–450
diagnostic injections, 457–458
differential diagnosis, 439, 440, 

448
difficulties, 437–440

clinical signs, 438
lameness, relation to, 440
multiple lesions, 439–440
palpation problems, 438–439
spontaneous recovery, 440
studies, lack of, 439

epidemiology, 439
etiology, 440
gait evaluation, 446–447
history, 441–442
imaging, 458–461, 1138

see also individual methods
inspection, 443–445

confirmation, 444
muscle symmetry, 444
osseous symmetry, 444–445
posture, 444

medical evaluation, 447–448
neurologic examination, 447
orthopedic examination, 447
osseous palpation, 453–454

rectal palpation, 447
tuber sacrale, 454, 454,

465–466
physical examination, 448–457

grading, 448, 449
proximal limb evaluation, 457
rectal palpation, 447, 454
regional joint motion, 448–451

active assisted range of motion,
450–451

active range of motion, 448–450
passive range of motion, 450

segmental joint motion, 454–457
motion palpation, 455–456
sacroiliac stress tests, 456–457

soft tissue palpation, 451–453
connective tissue, 451–452
muscles, 452–453
skin/subcutis, 451

tack, 445–446
saddle, 445, 451, 463

trauma, 441
see also specific examinations
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back pain
dressage/three day event horses,

1096–1097
nuclear scintigraphy, 1096, 1096

endurance horses, 1113
pathways, 438
perception, 437–438
Standardbred race horses, 1087
therapy

acupuncture, 1113
chiropracty, 1113
dexamethasone, 1113
dimethyl sulfoxide, 1113
flunixin meglumine, 1113
manipulation, 1113
massage, 1096–1097
NSAIDs, 1113
see also analgesia 

bacterial culture, Streptococcus equi
infection, 678

bacterial infections
IAD, 1063
influenza virus infection synergy, 660
respiratory tract, 674–696
viral respiratory tract infection synergy,

660, 660
see also specific bacteria/infections

Bacteroides, pleuropneumonia, 689, 693
balanced electrolyte solutions (BES), 1189
bandages/bandaging

osteochondrosis dissecans of tarsus,
392

proliferative periostitis
(metacarpus/metatarsus), 336

superficial digital flexor tendinitis, 415
tendon injury, 146
Thoroughbred race horses, 1056

barium contrast studies, 1017
barostats, gastrointestinal tract tests, 1015,

1016, 1016
barrel mouth bits, Standardbred race

horses, 1078
barrel racing horses, 1124

collateral ligament injuries, 372
orthopedic injury, 476
prepurchase examination, 1217
see also Western performance horses

barrier nursing, viral respiratory tract
infection therapy, 664–665

bar shoes
arthritis therapy, polo ponies, 1121
feet diseases/disorders, 263

basal lamina, muscle, 52
basal metabolic rate, definition, 920
base(s)

definition, 876
excess/deficit, definition, 876
weak, 876–878, 877

basihyoid muscle, 549
basilar sesamoid fractures, fetlock joint,

292
basisphenoid bone, fractures, 1186, 1187
basophilia, 953

B cells
exercise/training effects, 1000
geriatric horses, 1140

beclomethasone dipropionate
IAD therapy, 620
RAO therapy, 630–631

behavioral problems
back diseases/disorders, 443
dressage/three day event horses, 1099
show horses, 1138

bell boots, polo ponies, 1120
‘bench knees,’ 338
benzimidazoles

Cyathostome infection, 1160
Cyathostome resistance, 1158
Parascaris equorum therapy, 1158
tapeworm infection therapy, 1161
see also individual drugs

benzocaine, threshold levels, 1263
�-aminoproprionitrile fumarate (BAPTEN)

superficial digital flexor tendon injury,
1060

tendon injury therapy, 146
beta-blockers

bradydysrhythmia therapy, 744
EIPH therapy, 641
HYPP therapy, 94
IAD therapy, 620
performance effects, 1279–1280
RAO therapy, 629, 631
see also individual drugs

betamethasone (BMA)
dosage regimen, 498
intra-articular, 497
matrix metalloproteinases, effect on,

497
tarsal osteoarthritis therapy, 404–405

bethanechol, cecal emptying defect therapy,
1045

bicarbonate, 856
buffer system, 6, 877–878

high-intensity exercise, 884–885,
885

mechanism, 880
steady-state exercise, 884, 884
steady-state submaximal exercise,

885–886, 886
metabolic acidosis, 885–886
serum values, 1300–1301
synchronous diaphragmatic flutter

therapy, 911
biceps brachii

anatomy, arthroscopy, 207
tendinitis, 425–427

therapy, 426, 426–427
ultrasonography, 425, 426

biceps femoris muscle, 369, 437
bicipital bursitis see biceps brachii,

tendinitis
biglycan, in tendons, 137
bilateral infra-orbital neurectomy, head

shaking therapy, 529–530, 530
bilateral lameness see lameness

bile acids/salts, 959
equine gastric ulcer syndrome, 1041

bilirubin, 959
anemia, 959, 972

bilirubinuria, 913
anemia, 972–973

biomechanics of locomotion see
locomotion, biomechanics

biopsies
bone marrow see bone marrow biopsy 
lung, 645
muscle see muscle biopsy 

biotin, 818–819
bisphosphonates, stress-induced bone

reaction, 358
biting midges (Culicoides), 1165
bits, 1027

Standardbred race horses, 1076, 1078
black flies (Simulum), 1165
blind bridles, Standardbred race horses,

1077
‘blisters,’ dorsal metacarpal complex

therapy, 322
blood

chemistry see blood chemistry 
erythrocytes see red blood cells 
gases see blood gases 
glucose, 6, 65, 960, 1300–1301
leukocytes see leukocyte(s) 
loss

acute, 974, 975–977
chronic, 974, 977
see also anemia 

plasma see plasma 
platelets see platelets 
red blood cells see red blood cells 
smears

anemia, 968–969, 970
equine piroplasmosis, 979, 980, 981
Heinz body hemolytic anemia, 985
immune-mediated hemolytic

anemia, 982
temperature, exercise, recovery from,

1176
testing see hematology 
transfusion

in acute blood loss, 976–977
immune-mediated hemolytic

anemia, 983
pure red cell aplasia, 989

volume
splenic reserve volume, 854
training effects, 867

white blood cells see leukocyte(s) 
blood chemistry, 953–961

anemia diagnosis, 972
exercise effects, 945

arginine vasopressin, 865, 1019
arterial hypoxemia, 713
cytokine gene expression, 1003
endorphins, 796, 1005
enkephalins, 1005
enzyme changes, 703, 704
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blood cont’d.
L-gamma-glutamyl transaminase,

959
granulocyte/macrophage-colony

stimulating factor, 1003
hemoglobin concentration, 711
interleukins, 1003
lactate levels, 777, 778
oxygen–hemoglobin dissociation

curves, 603, 603
plasma renin, 804–805, 862–863
pro-inflammatory cytokines, 1001,

1001, 1003
prostaglandins, 1017, 1273–1274
purine nucleotide levels, 777–778
triglyceride levels, 777
vasoactive intestinal peptide, 1017
very-low density lipoproteins levels,

777
geriatric horses, 1140
hemolytic anemia, 972
normal values, 17
reference values, 1300–1301
result interpretation, 961–963

collection technique effects,
961–962

pathologic abnormalities, 962
physiologic effects, 961–962
therapy responses, 962–963

standard treadmill exercise tests, 15
training effects, 945–946

granulocyte/macrophage-colony
stimulating factor, 1003

interleukins, 1003
plasma proteins, 867
pro-inflammatory cytokines, 1001,

1001, 1003
see also blood gases; electrolyte(s);

hematology; individual
components/enzymes

blood flow
absorption, effect on, 1020–1021
cold therapy, 534
distribution

exercise vs. rest, 708
lungs, 711, 711

exercise effects, 708–709, 772
muscle, 861

joint diseases/injuries, 153–154
local, heat therapy, 532–533
lower respiratory tract, 599–600
measurements, gastrointestinal tract

tests, 1016
superficial digital flexor tendon, 133
see also circulation

blood gases
analysis, 560, 961

anemia, 973
arterial, 36
exercise testing, 603, 604
geriatric horses, 1140
see also arterial oxygen content (CaO2);

carbon dioxide; oxygen

blood pressure
control, 797
exercise effects, 711, 714

blood supply
gastrointestinal, exercise effects,

1020–1021
tendons, 133

body condition, 817, 817–818
body condition scores (BCS), 817
body fluids, 853–871

compartments, 853–855
fluxes during exercise, 857–858
see also individual compartments

dehydration effects, 861
see also dehydration 

electrolytes, 856
plasma osmolality, 855–857

concentration vs. content, 
856–857

see also blood; electrolyte(s); fluid
balance; plasma

body temperature, 919
blood temperature, exercise recovery,

1176
during exercise, 13, 15, 861
regulation see thermoregulation 

bodyweight
furosemide effects, 1272–1273
loss

air transport, 1243, 1244
diurnal changes, 1244
heart failure, 748, 749
overtraining, 1083
during transport see transport 

obesity, peripheral Cushing’s disease,
1144

performance effects, 1272
see also diet

Bohr effect, 940, 941
bombesin (gastrin-releasing peptide), 801,

802
bone, 112–117

cells/interactions, 112–114
lining cells, 113–114, 114
osteoblasts, 112, 112–113
osteoclasts, 113, 113
osteocytes, 112, 113

disease/injuries see individual
diseases/disorders

exercise/training effects, 157–158
density, 819

functional adaptations, 121–126,
478–479
definition, 121
dynamic strain stability, 122, 

122
gross fractures, 125
mass/architecture optimization

(Wolff ’s concepts), 122
microcracks, 124, 124
microdamage, 124
monitoring, 126
osteocyte apoptosis, 124

osteogenic mechanical stimuli,
122–123

rate of, 123, 123
remodeling, 124–125
safety factors, 125
site-specific fracture incidence, 125
training influences, 125–126

growth/development, hormone control,
798

lamellar, 114, 114
matrix, 114–115

osteons, 114, 115
mechanical characteristics, 115–116

stress-related bracing, 116, 116
metabolism, mineral analysis, 961
osteonal, 114, 115
remodeling see bone

modeling/remodeling 
resorption, 113

prostaglandins, 490
RANK ligand, 112–113

secondary, definition, 119
specific alkaline phosphatase, 126
spongy, 119
structure/anatomy, 119–121
tubular, 120
see also fractures; skeleton; individual

bones
bone marrow biopsy, 969–972

anemia of inflammatory disease, 986
aspirates, 969

equipment, 970
core biopsy, 969–970

equipment, 970–971
method, 971

cytology, 971–972
evaluation, anemia, 969–972, 972
myeloid:erythroid ration (M:E ratio),

972
pure red cell aplasia, 988, 988, 989

bone modeling/remodeling, 119, 119,
120
bone functional adaptation, 125–126
collagenase, 113
osteoclasts, 120
radiography, 163, 163
ultrasonography, 165, 168
young horses, 157–158

boots
proliferative periostitis

(metacarpus/metatarsus), 336
Standardbred race horses, 1076, 1079
tack injuries, 1113

Bordetella
IAD therapy, 621
pleuropneumonia, 693

‘bowel ballast,’ 829
high temperature recommendations,

929
brachiocephalic muscle, 437
bradyarrhythmias, 38, 742–745

electrocardiography, 744, 742, 743
epidemiology, 745
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etiology/pathophysiology, 744
frequency, 730
history, 743
physical examination, 743–744
prognosis, 744
therapy, 744

branched chain amino acids (BCAA), 831
breakdown injury, Thoroughbred race

horses, 1059
breathing

control of, 605–607
chemoreceptors, 605–606
CNS inputs, 607
locomotory-associated stimuli, 607
mechanoreceptors, 606–607
phrenic afferents, 607

frequency (fb) (respiration rate), 600
during exercise, 603–604, 772
obstructive upper airway disease,

560
labored, 627
mechanical limiting factors, 609
obligate nasal, 542
patterns, prepurchase examination,

1203–1204
see also respiratory system

breath tests, gastrointestinal
motility/emptying, 1017, 1017, 1018

breeding
dressage horses, 222–223, 223, 1094
heart scores, 705
orthopedic disease, prevention, 476
three-day event horses, 1094
see also reproductive therapy

bridles, 1027
Standardbred race horses, 1076, 1077

Briston bits, Standardbred race horses,
1078

broken-back condition, 282, 283
broken-forward condition, 282
broken wind see recurrent airway

obstruction (RAO)
bromsulfalein clearance, 959–960

hepatic blood flow measurements, 1016
bronchial angiogenesis, EIPH, 641
bronchial tree, anatomy, 599
bronchiolitis see inflammatory airway

disease (IAD)
bronchoalveolar lavage (BAL)

EIPH, 35–36, 635–636, 636, 1064
exercise testing, 17
IAD, 35–36, 614, 616, 617, 618, 618
lower respiratory tract disease, 1063
normal values, 17
post-exercise testing, 32
RAO, 624, 626
red cell hypervolemia, 991
Thoroughbred race horses, 1063

bronchoalveolar macrophages,
exercise/training effects, 1003

bronchodilators
chronic obstructive pulmonary disease

therapy, 1097

EIPH therapy, 1064
IAD therapy, 36, 619, 620–621, 1064
interstitial pneumonia, 647
physiological effects, 605
RAO therapy, 629–630, 631

bronchopleural fistulae, pleuropneumonia,
692–693

bronchoprovocation, recurrent airway
obstruction, 625

‘bucked shins’ see metacarpal
diseases/disorders

buffer base, definition, 876
buffering systems

bicarbonate see bicarbonate 
carnosine, 66, 879–880
intramuscular acidosis, 776
muscle see acid–base balance, muscles 
phosphates, 876–877

bumetanide, performance effects, 1273
burn therapy, laser ablation, 535
butorphanol

�1-adrenoceptor agonist combinations,
1170

in acute blood loss, 976
colic therapy, 1109, 1115
exertional rhabdomyolysis therapy,

1109, 1115
muscle pain therapy, 1111
as preanesthetic, 1169
sedation, 636

emergency, 1177
butoxypolypropylene glycol, direct

application, 1164
butyric acid, equine gastric ulcer syndrome,

1042
Buxton martingale, 1076, 1076
buyer’s statement, prepurchase

examination, 1202, 1212, 1219–1220

C
cachexia, heart failure, 748, 749
cadaver practice, arthroscopy, 188
caffeine, 1281–1282

in competitions, 1102
drug testing, 1266
hypersensitivity test, 89, 89

calcaneus, 386
fractures/fragmentation, 397–398, 398

recommended therapy/prognosis,
1191

therapy, 401
transverse, 398–399

see also heel(s)
calcitonin, 798
calcium

daily intake recommendations, 819,
819

functions, 856
muscle contraction, 53, 55

homeostasis
calcitonin, 798
parathyroid hormone, 798

imbalance
osteochondrosis dissecans of tarsus,

392
recurrent exertional rhabdomyolysis,

89–90
losses in sweat, 861
serum values, 961, 1300–1301
supplementation, geriatric horse, 1141
synchronous diaphragmatic flutter

therapy, 840
calcium gluconate

HYPP therapy, 94, 1124
synchronous diaphragmatic flutter

therapy, 911
canine teeth, 1032–1033, 1033
caninus muscle, 546, 546
canker, 286, 286
cannon bone see metacarpus
canter

characteristics, 218, 219
disunited, 219
dressage horses, 225–226
respiratory coupling, 220

capillaries
joints, 153
muscles, 709

surface area, 718–719
training responses, 69–70

capillary plexus, joints, 152
caps (deciduous teeth), 1034

removal, 1034, 1034
capsaicin

arthritis therapy, 157
laminitis therapy, 910

capsule lesions, ultrasonography, 168, 169
capsulitis, 351–353

enthesiophytes, 351
fetlock

trauma, 299–301
ultrasonography, 169

therapy, 351–352
carbamates, mite control, 1164
carbamazepine, head shaking therapy, 529
carbohydrates, 821, 828–829

see also nutrition
carbon dioxide

allowable limits in competition, 1101
arterial partial pressure (PaCO2)

acid–base balance, 883–884
geriatric horses, 1139
high-intensity exercise, 884–885,

885
incremental steady-state exercise,

884, 884
upper airway obstructive disease,

560
buffering system, 878
muscle in exercise, 882–883
production during exercise, 6
transport, 941

training responses, 944
see also hypercapnia

carbonic anhydrase, supplements, 891
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cardiac abnormalities, lactate
dehydrogenase, 957

cardiac apex beat, 729, 729
cardiac arrhythmias, 36–38, 732–746

amphetamines, 1278
diagnosis of, 730
drug treatment see anti-arrhythmic

drugs 
exercise-associated dehydration, 910
exercise testing, detection during, 12,

13
see also heart rate; specific conditions

cardiac auscultation, 729
left hemithorax, 729, 729
right hemithorax, 729–730, 730

cardiac failure see heart failure
cardiac murmurs see heart murmurs
cardiac output

anemia, compensation of, 967
definition, 711–712
distribution, exercise vs. rest, 708
exercise effects, 711, 711–713, 772
exercise testing, 701
heart size vs., 704, 706
incline running, 701
training effects, 721

cardiac recovery index (CRI)
endurance horses, 1107
exercise-associated dehydration, 899

cardiac tamponade, 760
cardiac troponin I (cTNI), 958–959

exercise testing, 17
hemolytic anemia, 972
myocardium, diseases of, 758
normal values, 17

cardiology, 728–767
clinical history, 728–729
see also heart; individual diseases/disorders

cardiotoxins, 758
cardiovascular drift, 861
cardiovascular system

acid–base balance regulation, 872–873
anatomy, 704–711

heart see heart 
systemic

circulation/microcirculation,
708–709

see also individual components
anesthesia

examination before, 1168
monitoring in, 1173

diseases/disorders, 728–767
dressage horses, 1098
exercise testing, 36–39
fatigue, orthopedic injury, 482
Thoroughbred race horses, 1066
three-day event horses, 1098
see also individual diseases/disorders

endocrine control, 807–808
as endocrine gland, 806–807

see also individual hormones
exercise effects, 699–727, 711,

807–808, 864

arterial oxygen content, 713
blood flow, 708–709, 772
blood pressure, 711, 714, 808
cardiac output, 711, 711–713, 772
enzyme changes, 703, 704
heart rate, 711, 712, 712, 772, 

807
mechanistic effects, 722
muscle blood flow, 717, 717–720
oxygen loading determinants, 713
peripheral vascular resistance,

807–808
plasma volume, 779, 857–859, 858,

859
pulmonary arterial pressure, 713,

714, 715
pulse pressure, 711
splenic contraction, 858
stroke volume, 807
SV increase, 722
systemic circulation, 715–717
total peripheral resistance, 715–717
total pulmonary resistance,

604–605
furosemide, effects of, 1269–1270
geriatric horses, 1139
NSAIDs, effect of, 1274
prepurchase examination, 1205
training effects, 720–722, 721

aerobic capacity (VO2max), 720, 721,
721–722, 782

anaerobic capacity, 783
arterial oxygen content (CaO2), 721,

722
blood volume, 808, 867
cardiac output, 721
erythrocyte volume, 867
heart rate, 721
maximal accumulated oxygen deficit,

783
mean arterial pressure, 721
plasma volume, 866, 867, 867
stroke volume, 721
total peripheral resistance, 721
V140, 721
V200, 22–23, 23, 721

L-carnitine, nutritional supplements,
830–831

carnosine, 66, 879–880
carotid artery temperature,

thermoregulation, 922, 922
carpal diseases/disorders, 349–367

canal syndrome, 364–365
catastrophic injury (breakdown),

356–357, 357
chronic arthropathy, 191
desmitis, 353
developmental orthopedic disease,

363–364
distal radius osteochondroma, 205
extensor tendon tenosynovitis, 366
forelimb lameness, 1086–1087
fractures

recommended therapy/prognosis,
1191

Standardbred race horses, 1087
osteoarthritis, 359–362, 360, 361

therapy, 360, 362
osteochondral chip fractures, 190,

190–191
periarticular disease, 365
sepsis (infectious arthritis), 362–363
sheath tenosynovitis, 206
stress-induced bone reaction

(subchondral sclerosis), 358–359
nuclear scintigraphy, 358, 358

subchondral bone sclerosis, 1059
superficial digital flexor tendinitis, 413
therapy, 1086
third carpal bone slab fractures, 191,

191
see also specific conditions

carprofen (CRP), 486
adverse effects, 493
analgesic effects, 490
clinical applications, 492–493
dosage regimen, 489
potency, 488

carpus
anatomy, 131

antebrachiocarpal joint see
antebrachiocarpal (ABC) joint 

arthroscopy, 189–191
diagnostic, 1086–1087
indications for, 190–191
middle carpal joint, 189–190
normal anatomy, 189, 189–190,

190
osteochondral chip fractures, 190
sheath, 205–206
Standardbred race horses,

1086–1087
blocks, 350
diseases/disorders see carpal

diseases/disorders 
flexion tests, 251
intra-articular anesthesia, 256
radiography

changes affecting performance,
1208

prepurchase examination, 1206,
1209

Cartesian Optoelectronic Dynamic
Anthropometer (CODA-3), 211

cartilage
articular see articular cartilage 
collateral, 285–286
degeneration, diagnosis, 182, 184
exercise/training effects, 157
see also specific components/types

cartilage oligomeric matrix protein 
(COMP)
tendon injury/trauma

marker, 145
repair, 143

tendons, 136–137, 137, 142
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Caslick’s procedure
fertility, effect on, 1198
show horses, 1138

cast immobilization
collateral ligament injuries/tarsal

luxations, 395, 395–396
hoof trauma, 271–272
superficial digital flexor luxation, 408

castration
red cell hypervolemia therapy, 993
stallion behavior control, 1195–1196
training-induced polycythemia therapy,

848
catastrophic injury (breakdown), carpus,

356–357, 357
catecholamines, 798–799

blood cell distribution, 941–942, 
1005

in exercise, renal blood flow, 862–863
exercise/training effects, 799,

1004–1005
heart rate effects, 712
intestinal motility/transit, 1019–1020
leukocytosis, 1002
metabolism effects, 772, 808
stress response, 1002
see also individual amines

cathartics, endurance horses, 1116
cations, strong base, 875–876, 876
cauda equina syndrome (polyneuritis equi),

516
caudal compartments, femorotibial joints,

199
caudal cruciate ligament (CaCL)

in arthroscopy, 198, 199, 199
stifle, 369

caudal ligament, medial meniscus, 199
caudal meniscotibial ligament, 369
cecal emptying defect, 1045
‘cecal slap syndrome,’ 1013
cecum, 1013, 1037, 1045
ceftiofur

pleuropneumonia therapy, 690
Streptococcus equi infection therapy, 679

cellular immune response,
exercise/training effects, 1000

cellulitis, Thoroughbred race horses, 1063
central basihyoid bone, 549
central command concept, 607
‘central fatigue’ hypothesis, 831
central nervous system (CNS)

breathing/ventilation control, 607
diseases/disorders see neurological

disease 
injury to, 1186

central tarsal bone fracture, 162, 162
ceratohyoid bone, 549
cereal grains

composition, 823
nutrition, 823–824

cerebrospinal fluid (CSF)
analysis, 517–518, 518
back diseases/disorders, 448

collection, 518
atlanto-occipital region, 518

cytology, 518
spinal ataxia, 517

differential cell counts, 518
eosinophils, 518
head trauma, 527
hemorrhage in, 527, 527
neutrophils, 518
proteins, 518

certification of origin, quarantine controls,
1232, 1235

ceruloplasmin activity, anemia, 973–974
cervical stenotic myelopathy, 517,

518–524
epidemiology, 523–524
etiology, 523
examination, 518–522

magnetic resonance imaging, 185
myelography, 521, 521–522, 522
radiography, 519, 519–521, 520
scoring systems, 521

history/presenting complaint, 518
ataxia, 465, 518

sagittal ratio, 521
therapy, 522–523

cervical vertebrae, 434
fractures, 526

compression, 526
radiography, 526

interbody fusion, cervical stenotic
myelopathy therapy, 523

malalignment, radiography, 164
malformation see cervical stenotic

myelopathy 
orthopedic examination, 447

chain-of-custody, drug testing, 1253–1254
chemical ablation, progressive ethmoid

hematoma, 563
chemical control

ectoparasite infections, 1162
mites, 1164
mosquitoes, 1163

chemical fusion, tarsal osteoarthritis
therapy, 406

chemoreceptors
breathing/ventilation control, 605–606
upper respiratory tract, 544

chest wounds, 1185, 1186
see also pneumothorax

chewing, mechanism, 1028
chiropracty, 468–469, 1113
chloramphenicol

drug interactions, 489
pleuropneumonia therapy, 690

chloride, 856
daily intake, recommendations, 819
losses in sweat, 861, 865
reabsorption, kidneys, 865
serum values, 960–961, 1300–1301

chlormadinone acetate (CAP), prevention
of estrus, 1194

chlorpromazine, 1280–1281

cholecystokinin (CCK), 801, 804
adiponectin effects, 803
equine gastric ulcer syndrome, 1041
leptin effects, 803

cholesterol
fat-supplemented diets, 784
serum levels, 961

chondrocytes, osteoarthritis, 157
chondroids, guttural pouch empyema, 681,

681
chondroitin sulfate, 503–504

capsulitis therapy, 352
degenerative joint disease therapy, 1112
osteoarthritis, 362
post-dental therapy, 1035
Thoroughbred race horses, 1057

chondroprotective agents
cervical stenotic myelopathy, 523
collateral ligament injury, 372
cruciate ligament injury, 375
meniscal injury, 373
osteochondrosis dissecans of stifle, 378
polo ponies, 1120
tarsal osteoarthritis, 404–405
upward fixation/chondromalacia, 382
see also individual drugs/agents

chronic obstructive pulmonary disease
(COPD) see recurrent airway obstruction
(RAO)

chronophotography see kinematic gait
analysis

Chrysops (deer flies) see deer flies (Chrysops)
cimetidine, 1098
circulation

joint, 153–154, 154
lungs, 710–711, 711, 713
systemic, 708–709

exercise effects, 715–717
see also blood flow

citrate synthase
energy transduction pathways, 776
exercise/training effects, 704

citrus bioflavinoids, EIPH therapy, 641
cleaning, viral respiratory tract infection

therapy, 664–665
clenbuterol (Ventipulmin), 1277–1278

bradydysrhythmia therapy, 744
EIPH therapy, 641
physiological effects, 605
RAO therapy, 629

clinical chemistry see blood chemistry
clonidine, EIPH therapy, 640
Clostridium infection

immune-mediated hemolytic anemia,
982, 983

pleuropneumonia, 693
Clostridium tetani, vaccination, 1149,

1152
clothing, during transport, 1239
Clydesdale horses

hematology, 1296
leukograms, 1298
serum biochemistry, 1300–1301
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coagulopathy, EIPH, 641
cobalamin see vitamin B12 (cobalamin)
cobalt

daily intake recommendations, 819
deficiency, anemia, 987–988

cocaine, 1279
drug testing, 1265–1266

Coccidioides, mycotic rhinitis, 561, 562
coffin bone fracture, 1191
coffin joint see distal interphalangeal (DIP)

joint
Coggin’s test (agar gel immunodiffusion)

equine infectious anemia, 978
immune-mediated hemolytic anemia,

982
cold agglutinin, immune-mediated

hemolytic anemia, 982
cold back, back diseases/disorders, 443,

446
cold fogging (peroxygen compound

aerosols), viral infection prevention,
665

cold packs, 534
cold therapy, 532, 534, 1057

application methods, 534
back diseases/disorders, 470

show horses, 1137
hyperthermia therapy, 1108
musculoskeletal diseases/injuries, 1056
superficial flexor tendon injury, 1136
suspensory ligament injury, 1060
tendon injury, 146
traumatic injury, 1120

colic
chronic, 1028
clinical signs, 1108–1109
dressage/three day event horses, 1098
endurance horses, 1108–1109
etiology/pathophysiology

electrolyte imbalance, 1109
oral/dental disease, 1028
Strongylus infections, 1158
travel, 1113

therapy
analgesia, 1109
butorphanol, 1109, 1115
detomidine, 1109, 1115
fluid replacement therapy, 1109
flunixin meglumine, 1109
xylazine, 1109, 1115

Thoroughbred race horses, 1066
thromboembolic, 1158

colitis, dehydration, 951
collagen

synovial fibroblasts, 152
in tendons, 135

age relation, 141
fibril morphology, 136, 140,

140–141, 142
type ratios, 143

collagenase, bone remodeling, 113
collateral cartilage, feet diseases/disorders,

285–286

collateral ligaments
desmitis, 424–425
stifle injuries, 370–372
tarsal injuries, 393–396

colloids, fluid therapy, 1189–1190, 1190
colon, 1037
color Doppler echocardiography

aortic valve regurgitation, 755, 756,
756

mitral regurgitation, 748–749, 748,
751

tetralogy of Fallot, 754
ventricular septal defect, 754

combination therapy, non-steroidal anti-
inflammatory drugs, 493

comminuted fractures
patella, 384
tarsus, 401

common digital extensor (CDE) tendon
arthroscopy, 189
tendinitis, 423

common peroneal nerve, in arthroscopy,
199

compartmentation, joints, 155
compensatory lameness, kinematic gait

analysis, 243, 243–244
competing age, three-day event horses,

1090
complement fixation test (CFT), equine

piroplasmosis, 981
complete blood count (CBC), anemia, 968
complex congenital lesions, 757
compression boots, condylar fractures, 331
compression fractures

cervical vertebrae, 526
radiography, 526

thoracic vertebrae, 465
vertebrae, 465

compression plating, vertebral fracture
therapy, 527

computed tomography (CT), 180–181
advantages/disadvantages, 180–181
applications, 181
back disease/disorder diagnosis, 461
cruciate ligament injuries, 374
lameness diagnosis, 258
osteochondral fragmentation, 354
podotrochlear syndrome (navicular

disease), 181
progressive ethmoid hematoma, 562
subchondral bone sclerosis, 1059
Western performance horses, 1125

Concours de Dressage International (CDI),
1090

Concours d’Equitation International (CCI),
1091–1092

concussive injury, show horses, 1135
conditioning

definition, 6
show horses (hunters/jumpers), 1133
tendons, 139
thermoregulation, 924, 925

conduction, definition, 920

conduction system, heart, 705
conductive transport, aerobic capacity

(VO2max), 702, 702
condylar fractures

(metacarpus/metatarsus), 162, 162,
327–334
categorization, 327
definition, 327
degenerative changes, 333, 333
diagnostic confirmation, 324, 329
epidemiology, 334
etiology/pathophysiology, 333
examination, 327, 329
history/presenting complaint, 327
lameness, 327, 328, 329
prevention, 334
prognosis, 332–333
therapy, 329–332

emergency first aid, 330
surgery, 330–332, 331

conflict of interest, prepurchase
examination, 1202

conformation
back diseases/disorders, 442, 444
prepurchase examination, 1203, 1204

Standardbred race horses, 1213
Thoroughbreds, 1212

proliferative periostitis
(metacarpus/metatarsus), risk of,
338

congestive heart failure see heart failure
Conidiobolus coronatus infections

granulomatous tracheitis, 594, 595
mycotic rhinitis, 561, 562

connective tissue
back disease/disorder diagnosis,

451–452
collagen see collagen 
see also specific components

contagious endometriosis, prepurchase
examination, 1205

contracted heels, 282
contraction bands, muscle injury/trauma,

77
contrast agents

arthrography, 406
myelography, 522
radiography, 163

control veterinarian, endurance horses,
1106

convection, 920–921
thermoregulation, 922

Coombs’ test (direct antiglobulin), 982
copper

daily intake recommendations, 819
deficiency

anemia, 987
osteochondrosis dissecans of tarsus,

392
measurements, 973–974

core body temperature
definition, 919
during exercise, 13, 15, 861
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corium, 261
cornea, ulceration, 517
corns, 286

Thoroughbred race horses, 1061
coronary band, 260–261

defects, 268
horn production, 261
lacerations, 270–272

therapy, 271–272
coronary corium, 261
corrective shoeing see shoeing, corrective
corticosteroids, 486–487, 494–499

classification, 494–495
in competition, 1102
endurance horses, 1115
immunosuppressive actions, 1004
intra-articular, 496–498

adverse effects, 498–499
dosage regimen, 498, 498
osteoarthritis, 362, 404–405
systemic effects, 499

limits to use, 1261–1262
mechanism of action, 494–495

matrix metalloproteinases, 497
pharmacokinetics, 495–496
side effects, 629
structure, 495
therapeutic uses, 496

acute exertional rhabdomyolysis, 83
arthritis, 157, 1128
back disorders, 467, 1137
caudal heel pain, 1135
cervical stenotic myelopathy, 523
chronic obstructive pulmonary

disease, 1097
collateral ligament injury, 372
dorsal displacement of the soft

palate, 571
EIPH, 641
head injury, 1187
IAD, 36, 619, 620, 1064
immune-mediated hemolytic

anemia, 983
interstitial pneumonia, 647
meniscal injury, 373
osteoarthritis/degenerative joint

disease, 1136
pericarditis, 760
purpura hemorrhagica, 680
RAO, 628–629, 630–631
Streptococcus equi infection, 679
suspensory ligament injury/trauma,

1127, 1137
suspensory origin, stress remodeling,

344
see also anabolic steroids;

glucocorticoids; specific drugs
corticotrophin-like intermediate peptide

(CLIP), Cushing’s disease, 1144
corticotrophin-releasing factor (CRF)

stress-associated diarrhea, 1046
stress response, 1001–1002

cortisol, 800

deficiency, 843–844
exercise effects, 772, 1017

production, 1004
geriatric horse, 1141
lymphokine-activated killer cells, effect

on, 1005
metabolism, effects on, 808
overtraining identification, 29
secretion, 843
stress response, 1001–1002
transport, effects of, 1247

cortisol releasing hormone (CRH),
intestinal motility/transit, 1020

coughing
EIPH, 634
IAD, 615, 619–620
viral respiratory tract infections, 660

coxofemoral joint
arthroscopy, 207, 207
examination, 457
flexion tests, 251, 252
intra-articular anesthesia, 258
osteochondrosis dissecans, 207

cranial cruciate ligament (CrCL), in
arthroscopy, 198

cranial mesenteric parasitic arteritis,
761–762

cranial nerves, 516, 517
see also individual nerves (named)

cranial thoracic mass, pleuropneumonia,
692

creatine
clearance ratios, acute renal failure,

914
muscle contraction, 55
nutritional supplements, 830

creatine kinase (CK), 944, 957–958
back disorders, diagnosis, 448, 462
in exercise, 945
exercise-associated dehydration, 900
exercise testing, 17
exertional rhabdomyolysis, 39, 83, 900,

1187
acute, 81, 82
endurance horses, 1109
recurrent, 39

muscle pain, 1111
myopathy, 956, 957
normal values, 17
overtraining, 846
serum values, 1300–1301
subclinical myopathy, 39
transport, levels in, 1245

creatinine, 960
acute exertional rhabdomyolysis, 82
acute renal failure, 913
anemia, 972
clearance, 960
serum values, 1300–1301
supplementation, acid–base balance,

892
crescendo bits, Standardbred race horses,

1078

cricoarytenoideus lateralis muscle, 552
cricoarytenoideus muscle, 552
cricoid cartilage, larynx, 552
cricopharyngeal–laryngeal dysplasia see

palatopharyngeal arch, rostral
displacement

crimp, tendons, 134, 134–135, 139–140
cromones, inflammatory airway disease

therapy, 621
crossbridge cycle, 53–54, 55
‘crossfiring,’ 1075, 1075
croup, examination, 457
cruciate ligament

caudal (CaCL)
in arthroscopy, 198, 199, 199
stifle, 369

cranial (CrCL), 198
injuries, 374–375

arthroscopic therapy, 200
debridement, 375
effusions, 374

cruciate test, 374
Cryptococcus infection

interstitial pneumonia, 647
mycotic rhinitis, 561, 562

crystalloids, 902, 902, 1189, 1190
cubital (elbow) joint, intra-articular

anesthesia, 256–257
Culicoides (biting midges), 1165
curb bits, 1027, 1028
Curschmann’s spirals, recurrent airway

obstruction, 626
Cushing’s disease, 844–845, 1141–1144

diagnostic confirmation, 1142–1143
etiology/pathophysiology, 1142, 

1144
examination, 1142
history/presenting complaint, 1142
peripheral, 1143, 1144–1145
prognosis, 1144
therapy, 1143–1144

cutaneous habronemiasis, 620
cutaneous trunci muscle, 437
cutting/reining horses

orthopedic injury, 476
prepurchase examination, 1217
suspensory ligament desmitis, 1127

Cyathostome infections, 1160–1161
serum protein levels, 953–954
therapy/control, 1160–1161

benzimidazole resistance, 1158
cyclical loading, tendons, 138
cyclical rebound vasodilation, cold therapy,

534
cyclo-oxygenase (COX), 487

inhibitors, mechanism of action, 1273
cyclophosphamide, immune-mediated

hemolytic anemia, 983
cyproheptadine

Cushing’s disease, 1143
head shaking, 529
hyperaldosteronism, 844

cypromethrin, direct application, 1164
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cytokines
exercise/training response, 1003
heat exhaustion, 932
pro-inflammatory see pro-inflammatory

cytokines 
see also specific molecules

cytology
bone marrow biopsy, 971–972
EIPH, 35
IAD, 35–36
osteochondrosis dissecans of tarsus,

391–392
tarsal fractures/osteitis, 399

cytotoxic T-lymphocytes (CTLs) see T-cells,
cytotoxic

D
dalmar support boots, tendon injury

prevention, 147
dantrolene

back disorders, 467
endurance horses, 1116
exertional rhabdomyolysis, 1187

acute, 83
endurance horses, 1109
recurrent, 40

debridement
cruciate ligament injuries, 375
hooves, trauma, 271
meniscal injuries, 373

decorin, in tendons, 137
deep digital flexor (DDF) tendon

accessory ligament
anatomy, 131
desmitis see under desmitis 
injuries, 482, 1136–1137

anatomy, 131, 132, 386
in arthroscopy, 203, 204, 205
energy storage, 130
injuries/trauma, 143, 479, 1185, 

1185
therapy, 146

in laminitis see laminitis 
magnetic resonance imaging, 184
suprasesamoidean tendinopathy, 171,

172
tendinitis, 416–418

differential diagnosis, 417
distal, 184
etiology, 418
history/presenting complaint, 416
magnetic resonance imaging, 184
pathophysiology, 418
physical examination, 416–417
prevention, 418
prognosis, 417
therapy, 417
ultrasonography, 417, 417

ultrasonography, 171, 172, 417, 417
deep fibular nerve, anatomy, 255
deep gluteal muscle, 437
deep pectoral muscle, 437

deep short medial collateral ligament,
tarsus, 389

deer flies (Chrysops), 1165
equine infectious anemia transmission,

978
degenerative joint disease (DJD)

back/pelvis, 463
dental disease, 1035
endurance horses, 1111–1112
geriatric horse, 1141
radiography, 162, 163
show horses, 1136
therapy

chondroitin sulfate, 1112
corticosteroids, 1136
glucosamine, 1112
glycosaminoglycans, 1112
hyaluronic acid, 1112, 1136
intra-articular therapy, 1112
NSAIDs, 1136
polysulfated glycosaminoglycan,

1136
shoeing, 1136

see also arthritis; osteoarthritis;
individual diseases/disorders; individual
joints

dehydration, 951
acid–base balance, 888
atrial fibrillation, 910
body fluid effects, 861
colitis, 951
endurance horses, 1107
enteritis, 951
etiology/pathophysiology, 837, 838

sweating-induced, 838
exhausted horse syndrome, 836
hypertonic, 909
hyponatremia, 861
‘involuntary,’ 909
isotonic, 909
metabolic alkalosis, 886–887
thermoregulation effects, 927
transport, 1241–1242
see also acid–base balance; electrolyte

balance
dental disease see oral/dental disease
dental floating, 1031–1032
dental record sheet, oral examination,

1029
dentition patterns, 1028
Department for the Environment, Food and

Rural Affairs (UK), 1236
Department of Agriculture (USA), 1236
Department of Agriculture, Fisheries and

Forestry (Australia), 1236
Dermacentor see ticks
dermatology

back disease/disorder diagnosis, 451
dressage/three day event horses, 

1099
prepurchase examination, 1213
Standardbred race horses, 1213
see also specific conditions

desmitis, 412–432
carpus, diseases/disorders, 353
collateral ligaments, 424–425
deep digital flexor tendon accessory

ligament, 143, 418–420
etiology, 419
history/presenting complaint, 418
pathophysiology, 419
physical examination, 418–419
prevention, 420
therapy, 419
ultrasonography, 419

forelimb lameness, 1086
long plantar ligament (curb), 421
oblique sesamoidean ligament,

424–425
palmar annular ligament, 429
patellar ligament, 380
plantar, 407
sacroiliac ligament, 465
small metacarpus/metatarsus bone

fractures, 341
suspensory branch, 1086
suspensory ligament, 420–421

polo ponies, 1120
Standardbred race horses, 1088

suspensory origin, stress remodeling,
344

therapy, laser ablation, 535
desmopathies

chronic, ultrasonography, 168, 168
distal impar sesamoidean ligament,

171, 173
insertional, 305

extracorporeal shockwave therapy,
536

ultrasonography, 168, 168, 171, 173
desmotomy

accessory ligament of superficial digital
flexor tendon, 146

palmar annular ligament, 416
superficial digital flexor tendon injuries,

146
superior check ligament, 416

superficial digital flexor tendon
injury, 1060

tendon injury therapy, 146
detomidine

colic therapy, 1109, 1115
exertional rhabdomyolysis, 1109
performance effects, 1281
as preanesthetic, 1169, 1170
sedation, 616, 636

emergency, 1177
detraining

metabolism, 783
muscle, training responses, 70

developmental orthopedic disease (DOD),
carpus, 363–364

dexamethasone
acute exertional rhabdomyolysis, 83
atrial arrhythmia, 739
back pain, 1113
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dorsal displacement of the soft palate,
571

immune-mediated hemolytic anemia,
983

matrix metalloproteinase effects, 497
onset of action, 494
pure red cell aplasia, 989
purpura hemorrhagica, 680
RAO, 628–629
side effects, 629
vertebral fracture, 527

dexamethasone suppression tests (DST),
844, 1142
geriatric horse, 1141

dextran 40, fluid resuscitation, 1190
dextran 70, fluid resuscitation, 1190,

1190
dextrose

as additive, endurance horses, 1114
HYPP therapy, 1124
in saline, composition, 902

diagnostic anesthesia see nerve blocks
(diagnostic)

diagonal stance phase, 217
diaphragm, in exercise, 717
diaphyses, definition, 119
diarrhea

dressage/three day event horses, 1098
right dorsal colitis, 1043
stress-associated, 1045–1046
Thoroughbred race horses, 1066

diazepam
anesthesia induction/maintenance,

1172
intravenous anesthesia, 1171

Dictyocaulus arnfieldi infection, 620
interstitial pneumonia, 647

diet
acid–base balance, 889–890
anionic, diaphragmatic flutter

prevention, 911–912
dehydration prevention, 905–906
dietary cation anion difference,

889–890
exertional rhabdomyolysis, 90, 1062

prevention, 86–87
Thoroughbred race horses, 1062

gastric ulceration, 1038, 1042
Thoroughbred race horses, 1065

glycogenolysis, 785
osteochondrosis dissecans of tarsus,

392
overtraining, 1083
right dorsal colitis, 1044
supplementation see dietary

supplements 
see also feeds/feeding; nutrition; specific

components
dietary cation anion difference (DCAD)

diets, 889–890
performance effects, 889–890

dietary fiber
alfalfa, 822–823

alterations, 829–830
contamination, 823
fermentation, 1014
harvesting, effect on content, 822
legumes, 822
metabolism, 784–785
nutritional therapy, 822–823
right dorsal colitis therapy, 1044

dietary supplements, 830–832
amino acids, 831–832
anhidrosis therapy, 930
antioxidants, 832

exertional rhabdomyolysis
prevention, 87

carbonic anhydrase, 891
L-carnitine, 830–831
creatine, 830
endurance horses, 1114
erogenic, 828
geriatric horse, 1141
macrominerals, 820
potassium, 1124
potassium bicarbonate, 891
right dorsal colitis therapy, 1044

differential cell counts
bone marrow biopsies, 971–972
cerebrospinal fluid, 518

diffuse vasculitis, equine herpesvirus
infections, 669

diffusion limitations, 608
digestible energy (DE)

feeds, 816
requirements, 816, 817

digestion see gastrointestinal tract
digital flexor tendons, 133
digital limb flexion test

pain assessment, 267
palmar foot pain, 281

digital pulses, lameness diagnosis, 248
digoxin

atrial fibrillation therapy, 735–736
ventricular septal defect, 755

dihydropyridine receptors (DHPR), muscle
contraction, 52

dilator naris apicalis muscle, 546, 546
dimethyl sulfoxide (DMSO), 505–506

allowable limits in competition, 1101
drug interactions, 506
effective dose, 506
endurance horses, 1116
mechanism of action, 505
therapeutic use, 505

back pain, 1113
cervical stenotic myelopathy,

522–523
exhausted horse syndrome, 838
laminitis, 276, 910, 1125
traumatic synovitis/capsulitis, fetlock

joint, 300
vertebral fracture, 527

threshold levels, 1263
toxicity, 506

2,3-diphosphoglycerate (2,3-DPG), 967

dipyrone, 486
dosage regimen, 489
therapeutic uses, 490, 492

direct antiglobulin test (Coombs’), 982
Directigen assay, 661–662
direct linear transform (DLT), 211
discomandibular joint, 207
discotemporal joint, 207
disease certification status, prepurchase

examination, 1204
disease vectors

ectoparasite infections, 1162
presence/absence, 1228
see also individual carriers

disinfection, viral respiratory tract infection
therapy, 664–665

distal impar sesamoidean ligament (DISL),
desmopathy, 171, 173

distal interphalangeal (DIP) joint
arthroscopy, 200–201
arthrosis, 285
chronic enthesopathy

distal collateral, 185
proximal collateral, 184

collateral ligaments, desmitis, 424–425
dorsal joint, 201
intra-articular anesthesia, 255–256
joint disease, arthroscopic assessment,

201
magnetic resonance imaging, 183, 184,

185
palmar/plantar joint

arthroscopy, 201
normal anatomy, 201, 201

septic arthritis, 183
third phalanx fracture, arthroscopic

therapy, 201, 201
distal intertarsal joint

degenerative joint disease, 163
intra-articular anesthesia, 257
radiography, 163

distal limb, flexion tests, 251, 251
distal phalanx

displacement, 265
fractures, 278, 278–280

radiography, 279, 279
therapy, 279

measurement, 275, 275
radiography

changes affecting performance,
1207

prepurchase examination, 1206
distal sesamoid bone see navicular bone
distal sesmoidal ligaments, anatomy, 131
distal sheath syndrome, 428–431

etiology, 430–431
history/presenting condition, 428, 

428
pathophysiology, 430–431
physical examination, 428–429
prognosis, 430
therapy, 429–430, 430
ultrasonography, 429, 429
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distal sheath synovitis, superficial digital
flexor tendinitis, 413

distal tarsal degenerative disease, 242
disunited canter, 219
diuretics

acute renal failure therapy, 914–915
aortic valve regurgitation therapy,

756–757
endurance horses, 1116
exertional rhabdomyolysis therapy,

1096
acute, 82

furosemide (frusemide) see furosemide
(frusemide) 

performance effects, 1268–1273
pulmonary artery pressure reduction,

713, 715
see also individual drugs

diurnal changes, weight loss, 1244
Division Legislation Veterinaire et

Zootechnique (EC), 1236
DNA microarrays, muscle assessment, 46,

48
DNA sequences, HYPP etiology, 95, 96
dobutamine, anesthetic hypotension, 1173
dofetilide, atrial fibrillation therapy, 735
doll’s eye response, 516
domestication, 3
dopamine

acute exertional rhabdomyolysis
therapy, 82

acute renal failure, 915
endurance horses, 1116
transport, effects of, 1247

Doppler echocardiography
color see color Doppler

echocardiography 
tricuspid regurgitation, 746, 746
ventricular septal defect, 754

dorsal cortical stress fractures of MC-3,
323–327
diagnostic confirmation, 324
epidemiology, 326–327
etiology/pathophysiology, 326
examination, 323–324
history/presenting complaint, 323
lameness, 323
prevention, 327
prognosis, 326
therapy, 324–326

osteostixis, 325–326
screw fixation, 326

Thoroughbred race horses, 1058
dorsal displacement of the soft palate

(DDSP), 33–34, 569–573
diagnostic confirmation, 571
endoscopy, 33–34, 34, 569, 570, 570
etiology/pathophysiology, 573
examination, 569–570
history/presenting complaint, 33, 569
intermittent, 1065
mechanics/blood gas measurements,

560

palatinus muscle, 548–549, 549
prognosis, 572–573
radiography, 570, 570
Standardbred race horses, 1084
therapy, 34, 571–572

dorsal distal interphalangeal joint see distal
interphalangeal (DIP) joint

dorsal fetlock see fetlock
dorsal laminectomy

cervical stenotic myelopathy therapy,
523

vertebral fracture therapy, 527
dorsal longitudinal ligament, 436
dorsal metacarpal disease see metacarpal

diseases/disorders
dorsal pharyngeal collapse see

nasopharynx, collapse
dorsal pharyngeal constrictors, 551
dorsal sacroiliac ligament, ultrasonography,

461
dorsal scapula, examination, 457
dorsal spinous processes

back disease/disorder diagnosis,
453–454

imaging, 453–454
resection of, back disease/disorder

therapy, 468
dorsal tarsocrucial joint (hock),

arthroscopy, 194, 194–195, 195
dorsoventral sacroiliac ligament stress tests,

456
double-wore bits, Standardbred race horses,

1078
draft horses

exercise, muscle acid–base balance, 883
feet diseases/disorders, 262
muscle tonicity, 452
osteochondrosis dissecans of tarsus,

392
performance, 3
physiological limitations, 7–8
polysaccharide storage myopathy, 91

drainage, hoof sepsis, 273–274
dressage horses, 1090–1104

behavioral problems, 1099
biomechanics of locomotion, 225–226
cardiovascular diseases/disorders, 1098
demography, 1093–1094

competing age, 1090
Warmbloods, 1094

dermatologic diseases/disorders, 1099
endocrine diseases/disorders, 1099
equestrian sports governance, 1093
eye diseases/disorders, 1099
Fédération Equestre Internationale,

1090–1091
gaits, 1090

breeding selection, 222–223, 223
canter, 225–226
gallop, 222
passage, 218, 225
piaffe, 218, 225
transitions, 226

trot, 222, 223, 225
walk, 218, 222, 226

gastrointestinal diseases/disorders,
1097–1098

medications during competition,
1101–1102

metabolic problems, 1099–1101
muscular diseases/disorders,

1095–1097
back pain, 441, 1096–1097

neurological diseases, 1098–1099
orthopedic injury, 476
prepurchase examination, 1215–1216
respiratory diseases/disorders, 1097

chronic obstructive pulmonary
disease, 1097

left laryngeal hemiplegia, 1097
skeletal diseases/disorders, 1095

tarsal osteoarthritis, 404, 406
training, locomotion effects, 222, 

222
veterinary services, 1094–1095
World Breeding Federation for Sport

Horses, 1094
see also three-day event horses

D-ring bits, Standardbred race horses, 1078
drinking, suppression of, 861–862
drive receptors, upper respiratory tract,

544
driving horses, serum biochemistry

reference values, 1300–1301
‘dropped hock,’ 407
drug testing, 1253–1267

alkalinizing substances, 1259
authorized medications, 1260–1261,

1261–1262
chemical methods, 1255–1259
chromatography, 1257–1258, 1258
cutoffs, 1263
detection times, 1262–1263
disputes, 1264–1266

anabolic steroids, 1259, 1264–1265
cocaine, 1265–1266
methylxanthines, 1266
morphine, 1265
nutraceuticals, 1266
recombinant proteins, 1259–1260,

1264
dressage/three-day event horses, 1095
enzyme-linked immunosorbent assay,

1254, 1257, 1257
mass spectral analysis, 1254,

1258–1259
out-of-competition testing, 1259–1260
prepurchase examination, 1204, 

1205
pre-race testing, 1259
reporting levels, 1263
sample preparation, 1255–1256
sample type/collection, 1253–1254
split sample analysis, 1255
thin layer chromatography, 1254,

1256, 1256–1257
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thresholds, 1263
examples, 1263

withdrawal times, 1262–1263
dry joint see degenerative joint disease (DJD)
dry powder inhalers (DPIs), 630
dual energy X-ray absorptiometry (DEXA),

126
dust

IAD, 621, 622
RAO, 632–633
during transport, 1241, 1241

dynamic compliance (Cdyn), 600
dynamic compression plates (DCPs), stifle

fractures, 384
dynamic strain stability, bone functional

adaptation, 121–122, 122
dynorphins, 797
dysphagia, HYPP, 92
dystrophin-associated protein complex,

53–54, 56

E
Eastern equine encephalomyelitis,

vaccination, 1149, 1152
eccentric contraction, exertional

rhabdomyolysis, 87
eccentrocytes (hemighosts), anemia, 970
echinocytes, 951

anemia, 970
echocardiography

atrial fibrillation, 733, 733, 734
Doppler see Doppler echocardiography 
exercise testing, 10, 11, 16–17
M-mode see M-mode echocardiography 
myocardium, diseases of, 758
stress, exercise testing, 16
two-dimensional see two-dimensional

echocardiography 
ventricular premature systoles, 740

ecological factors, infectious disease spread,
1227–1228

economic factors, infectious disease spread,
1227–1228

ectoparasite infections, 1162–1165
chemical control, 1162
control programs, 1162
as disease vectors, 1162
therapy practices, 1162
see also individual infections

edema
heat therapy, 533
magnetic resonance imaging diagnosis,

184
peripheral, heart failure, 748, 750, 751
pulmonary, 748
see also effusions

effusions
joints, 155, 155

cruciate ligament injuries, 374
lameness, diagnosis of, 248
medial femorotibial joint,

1128–1129

stifle, diseases/disorders, 368,
1128–1129

tarsal fractures/osteitis, 397
pleural, 689

egg bar shoes, 283, 283
feet/hoof injuries, 1061

Ehrlichia equi see Anaplasma phagocytophilum
Ehrlichia risticii see Neorickettsia risticii
elastin, in tendons, 137
elbow

anatomy, 203, 203
arthroscopy, 202, 202–203
osteochondrosis dissecans, 203

electrical stimulation, muscle pain therapy,
1111

electrocardiography (ECG)
atrial fibrillation, 37, 37, 732, 732,

733, 733, 734
three-day event horses, 1095

atrioventricular block, 742, 743
bradydysrhythmias, 742–745, 742, 743
exercise testing, 10, 10, 13
HYPP, 92
myocardial diseases, 758
pericardial diseases, 760
prepurchase examination, Standardbred

race horses, 1213
sinus block, 743
supraventricular extrasystoles, 37,

37–38, 38, 737, 738
systems used, 730, 731, 732
telemetric, 21–22, 22, 32
training-induced polycythemia, 847
ventricular premature systoles, 738,

740, 741
electrocecography, 1018
electrogastrography (EGG), 1017–1018
electrolyte(s)

balance see electrolyte balance 
concentrations, 856, 856–857
corrected hematocrit, 857, 857
exercise-associated dehydration, 899,

900, 901
exertional rhabdomyolysis syndromes,

83–84
loading, exhausted horse syndrome,

839
losses, evaporative cooling, 859–860,

860
requirements, 906, 906–907
supplements

anhidrosis therapy, 930
composition, 907
exercise-associated dehydration

prevention, 904
synchronous diaphragmatic flutter,

840
in sweat, 856

during exercise, 861
see also body fluids; fluid balance;

sweat/sweating
electrolyte balance

aldosterone, 799

anesthesia considerations, 1175
atrial fibrillation, 36, 733
back diseases/disorders, 448
endurance horses, 1107, 1108

colic, 1109
exercise effects, 857–860, 908

intercompartmental fluid shifts,
857–858

losses, 859–860
exertional rhabdomyolysis, 88
exhausted horse syndrome, 836
fractional clearance ratio measurement,

960
furosemide effects, 1269
intake, 861–862
NSAIDs effects, 1274
right dorsal colitis, 1043
sodium bicarbonate effects, 1283–1284
sweating-induced, 838
synchronous diaphragmatic flutter, 840
training effects, 865, 866–867
see also body fluids; fluid balance;

sweat/sweating
electromyography (EMG)

back disease/disorder diagnosis, 452
HYPP diagnosis, 92, 92, 94
muscle assessment, 48
myotonia, 97
palatinus muscle, 548, 548
palatopharyngeus muscle, 548, 548
upper respiratory tract mechanics, 545

electron micrography, polysaccharide
storage myopathy, 86, 86

electrophoresis
muscle assessment, 46, 47
muscle fiber, training responses, 69
two-dimensional, tendon injury

markers, 145
eltenac

analgesic effects, 491
dosage regimen, 489

embryo transfer, 1197
emergency procedures, 1179–1192

carpal catastrophic injury, 357
condylar fractures

(metacarpus/metatarsus), 330
sedation, 1177
tracheotomy, 568–569
wounds, 1185–1186
see also individual injuries

EMLA cream, head shaking therapy, 529
enalapril, EIPH therapy, 640
endocarditis

Actinobacillus infections, 745
cardiac murmurs, 745–746
mitral regurgitation, 752
Pasteurella, 745
Streptococcus infections, 745
vegetative, 757

endochondral ossification, 117–118
endocrine system, 793–814

diseases/disorders, 840–842
anemia, 989
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endocrine system cont’d.
dressage/three day event horses,

1099
see also individual diseases/disorders

exercise effects, 772, 777, 864
adrenal secretion, 1016–1017
adrenocorticotrophin, 1001
catecholamines, 798–799,

862–863, 1004–1005
cortisol, 772, 1017
epinephrine, 777, 1004–1005
gastrin, effects on, 1017
glucocorticoid receptors, 1004
growth hormone, 1005
insulin levels, 772
leptin, effects on, 803
motilin, effects on, 1017
neuropeptide X, effects on, 1017
norepinephrine, 777, 1004–1005
prolactin, 1005
somatostatin, effects on, 1017

geriatric horses, 1141
training effects

adrenocorticotrophin, 1001
catecholamines, 1004–1005
endorphins, 1005
enkephalins, 1005
epinephrine, 1004–1005
glucocorticoid receptors, 1004
growth hormone, 1005
norepinephrine, 1004–1005
prolactin, 1005

see also hormones; individual
hormones/glands

endometriosis, contagious, prepurchase
examination, 1205

endomysium, 46, 48, 52
endorphins, 795, 796–797, 801

Cushing’s disease, 1144
exercise/training effects, 796–797, 1005
intestinal motilty/transit, 1019–1020
transport, effects of, 1247

endoscopy
arytenoid chondritis, 585, 585, 586
axial deviation of the aryepiglottic folds,

34, 34
dorsal displacement of the soft palate,

33–34, 34, 569, 570, 570
epiglottic entrapment, 574, 575
equine gastric ulcer syndrome, 1038
guttural pouch mycosis, 590, 590
HYPP, 92
IAD, 614, 615–616, 1063
laryngeal hemiplegia, 32, 32–33, 33
longus capitus muscle avulsion, 591,

591
lower respiratory tract disease,

Thoroughbred race horses, 1063
mycotic rhinitis, 561
nasopharyngeal collapse, 566
palatopharyngeal arch, rostral

displacement, 588, 588, 589
pharyngeal collapse, 35, 35

prepurchase examination, 1204,
1210–1211
sport horses, 1210
Standardbred race horses, 1213
Standardbreeds, 1211
Thoroughbred, 1211, 1212

progressive ethmoid hematoma, 562
RAO, 624
rectus capitus ventralis muscle avulsion,

591, 591
red cell hypervolemia, 991
retropharyngeal abscesses, 568, 568
retroversion of the epiglottis, 33, 33
sinusitis, 565
subepiglottic cysts, 577, 577
temporohyoid osteoarthropathy, 593,

593
tracheal obstructive disease, 594, 594
treadmill, 12, 12

aryepiglottic folds, axial deviation,
578, 578

epiglottic retroversion, 576, 576
laryngeal hemiplegia, 581, 581,

582, 582
endothelins, 806–807

EIPH, 807
geriatric horse, 1141
splenic contraction, 1020
vasopressin, effect on, 806

endotoxins/endotoxemia
flunixin meglumine, effects of, 492
RAO, 631–632
rhabdomyolysis, 1187

endotracheal intubation, 1172, 1172
end-plate fractures, vertebrae, 465
end-plate potential, 52
endurance exercise

acid–base balance, 886–887
fatigue mechanisms, 777
metabolic alkalosis, 886–887
muscle fiber type, 63

endurance horses, 1105–1117
back pain, 1113
control veterinarian, 1106
finish, 1107
gastric ulcers, 1112
horse types, 1105–1106
lameness, 1110–1112

degenerative joint disease,
1111–1112

interference, 1112
muscle pain, 1111
shoeing, 1112
sore feet, 1111
suspensory desmitis, 1110–1111
tendinitis, 1111
trauma, 1112

medications, 1114–1116
analgesia, 1115
corticosteroids, 1115
diuretics, 1116
intestinal stimulants, 1116
intravenous fluids, 1115–1116

NSAIDs, 1115
oral electrolytes, 1114–1115

metabolic conditions, 1107–1110
colic, 1108–1109
exertional rhabdomyolysis,

1109–1110
exhaustion, 1107–1108
hyperthermia, 1108
laminitis, 1110
synchronous diaphragmatic flutter,

1110
nutrition, 1114
organizations, 1106
physiological limitations, 7
pre-ride inspections, 1107
reference values

hematology, 1296
leukograms, 1298
serum biochemistry, 1300–1301

sport overview, 1105
tack injuries, 1112–1113
team veterinarian, 1107
therapy veterinarian, 1106–1107
training, 1114
transportation-related problems,

1113–1114
vet gates, 1107

endurance training
acid–base balance, 888
fiber type changes, 67–69
metabolism changes, 71–72

energy production
pathways

citrate synthase, 776
3-hydroxyacyl-CoA-dehydrogenase,

776
sources (substrates), 4

acetate, 779
energy transduction pathways, 776
in exercise, 777
glucose, 775
lipids, 775
non-esterified fatty acids, 775
see also individual substrates

see also exercise, physiology; metabolism
energy storage

deep digital flexor tendon, 130
superficial digital flexor tendon, 130,

132–133
suspensory ligament, 130, 133
tendons, 132, 139

enilconazole, guttural pouch mycosis
therapy, 590

enkephalins, 795, 796–797, 801, 802
exercise/training effects, 1005

entactin, synovial fibroblasts, 152
enteritis, dehydration, 951
Enterobacteriaceae, pleuropneumonia,

689, 693
Enterobacter, pleuropneumonia, 693
enterogastric reflux, equine gastric ulcer

syndrome, 1041
enteroglucagon, 801, 802
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enteropathy, lactate dehydrogenase, 958
enthesiophytes

capsulitis, 351
collateral ligament injuries/tarsal

luxations, 394
radiography, 352
stifle meniscal injuries, 372
suspensory ligament injuries, 1060
Thoroughbred race horses, 1060

enthesopathies
chronic proximal, suspensory ligament,

175, 180
distal impar sesamoidean ligament, 173
distal interphalangeal joint

chronic distal collateral, 185
chronic proximal collateral, 184

magnetic resonance imaging, 184,
184–185, 185

nuclear scintigraphy, 180
proximal third interosseous, 164
radiography, 164
suspensory ligament, 175, 180
thermography, 175
ultrasonography, 173

environment
feet diseases/disorders, 262
heat and thermoregulation, 923,

923–924
IAD, 1063
infectious disease spread, 1227–1228
skeletal development, 117, 121

enzyme-linked immunosorbent assay
(ELISA)
drug testing, 1254, 1257, 1257
equine infectious anemia, 978
equine piroplasmosis, 981
limits of detection, 1256, 1257

enzymes
energy transduction pathways, 776
liver, 944, 945
muscle, 944, 945

training responses, 69, 69–70
see also individual enzymes

eosinophilia, 953
lower respiratory tract disease, 620
normal values, 17

eosinophilic granulomas, 451
eosinophilic pneumonitis, 1158
eosinophils

cerebrospinal fluid, 518
IAD, 617, 618, 618
RAO, 626
reference values, 1297–1298

epaxial muscle groups, spine, 436437
ephedrine, 1279

anesthetic hypotension, 1173–1174
epidemics, influenza virus, 658
epidural analgesia, osteochondrosis

dissecans of stifle, 378
epiglottectomy, 33
epiglottis, 514

anatomy, 553
augmentation, 33, 572, 576, 1065

entrapment, 573–575
endoscopy, 574, 575
therapy, 574–575, 575
Thoroughbred race horses, 1065

epiglottectomy, 33
hyperplasia, 575
hypoplasia, 573
retroversion, 33, 575–576

endoscopy, treadmill, 576, 576
mechanics/blood gas measurements,

560
epihyoid bone, 549
epimysium, 46, 48
epinephrine

exercise/training response, 777,
1004–1005

metabolism regulation, 772, 808
production, 798
secretion, 843
splenic contraction, 1020
stress-associated diarrhea, 1046
sweat formation, 921–922
transport, effects of, 1247
warm-up, during, 779

epiphora, sinusitis, 564
epiphyses, definition, 119
epistaxis

atrial fibrillation, 36, 732
EIPH, 633, 634–635, 637, 714
guttural pouch mycosis, 589
longus capitus/rectus capitus muscle

avulsion, 591
rectus/longus capitis muscle rupture,

1186–1187
Equimetrix™ system, 214, 215
equine adenovirus, 670
equine arteritis virus (EAV), 657, 669–670

clinical features, 660–661, 1153
geriatric horses, 1140
myocarditis, 759
prepurchase examination, 1205
vaccination, 665, 670, 1149, 1153

equine degenerative myeloencephalopathy
(EDM), 517, 527–529
ataxia, 465
back diseases/disorders, 448
photomicrographs, 528
spasticity, 528
therapy, 528

equine gastric ulcer syndrome (EGUS),
1037–1043
clinical signs, 1038
diagnosis, 1038
dressage/three day event horses, 1098
endurance horses, 1112
epidemiology, 1041–1042

feed/diet, 1038, 1042
etiology/pathophysiology, 1040–1041

acid secretion, 1040–1041
enterogastric reflux, 1041

exercise effects, 1042–1043
gastroduodenal ulcer disease,

1037–1038

housing, 1043
neonatal, 1037
recognition, 1037–1038
scoring system, 1038, 1039
stress, 1043
therapy, 1038–1040

cimetidine, 1098
diet, 1065
H2 blockers, 1065–1066
omeprazole, 1098
proton pump blockers, 1065–1066
ranitidine, 1098

Thoroughbred race horses, 1065–1066
equine herpesvirus (EHV), 657, 666,

668–669
clinical signs, 659, 660

exertional rhabdomyolysis, 89
myeloencephalitis, 669
myocarditis, 759
non-infective respiratory disease,

exacerbation of, 657
diagnosis, 448
distribution, 668–669
epidemiology, 669
pathogenesis, 669
risk factors, 669
serology, 661
subtypes, 667
transmission, 669
vaccination, 665, 1149, 1150–1151
vasculitis, ataxia, 465

equine infectious anemia (EIA), 977–979
prepurchase examination, 1205
therapy, 978

equine influenza virus (EIV), 666–668
bacterial infection synergy, 660
clinical features/signs, 659, 661
distribution, 666
epidemics, 658
epidemiology, 667–668
exertional rhabdomyolysis, 89
international travel, 1228
introduction, 657
myocarditis, 759
pathogenesis, 666–667
prevention, 664, 1150
rapid diagnostic tests, 661, 667
risk factors, 667–668
serology, 661
spontaneous resolution, 662
subtypes, 666
transmission, 666–667, 667, 1150
vaccination, 665, 668, 1149, 1150

international travel, 1233
equine motor neurone disease (EMND),

448, 465
equine piroplasmosis, 979, 980, 981
equine pleuropneumonia, 686–694

complications, 692–693
diagnostic confirmation, 689
endurance horses, 1113
epidemiology, 693
etiology, 693
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equine pleuropneumonia cont’d.
history/presenting complaint, 686
laboratory examination, 689
necroscopy examination, 689
pathogenesis, 693
physical examination, 687–688

percussion, 687, 687
radiography, 688, 688
tracheal aspiration, 688, 689
ultrasonography, 687, 687–688

pleural fluid, 689
prevention, 693–694
prognosis, 692
risk factors, 693
therapy, 689–693

antimicrobial therapy, 689–690,
690

pleural fluid drainage, 690–691,
691

pleural lavage, 691–692
supportive therapy, 692
thoracotomy, 691, 692

three-day event horses, 1097
see also pneumonia

equine protozoal myeloencephalitis (EPM),
517, 524–526
diagnosis, 448

immunoblot analysis, 524–525
dorsal displacement of the soft palate,

573
epidemiology, 525–526
examination, 524–525
history/presenting complaint, 524

asymmetric muscle atrophy, 524,
524

ataxia, 465
cranial nerve abnormalities, 516

therapy, 525
vaccination, 1149, 1153

equine rhinitis virus, 670
ergospirometry, 29–30
erogenic nutritional supplementation, 828
erythrocytes see red blood cells
erythrocyte sedimentation rate (ESR), 956
erythrocyte volume see red cell volume

(RCV)
erythrocytosis, 847–848
erythroid hyperplasia, bone marrow

biopsies, 971
erythromycin, cecal emptying defect

therapy, 1045
erythron, abnormalities of, 967–999

see also individual diseases/disorders
erythropoietin (EPO), 804, 805–806

recombinant human see recombinant
human erythropoietin (rhEPO) 

Escherichia coli
interstitial pneumonia, 645, 647
pleuropneumonia, 693

esiprantal, 1161
estrogens

EIPH therapy, 641
exertional rhabdomyolysis, 88

osteocyte apoptosis, 124
secretion, 843

estrone sulfate, developmental stifle
conditions, 1129

estrus
back problems, 443
behavioral problems, 1099
prevention of, 1193–1195

gonadotropin-releasing hormone
immunization, 1195

intrauterine glass balls, 1195
ovariectomy, 1195
pharmacology, 1194–1195
physical examination, 1193

ethacrynic acid, performance effects, 1273
ethmoid turbinates, 545, 546
etodolac

dosage regimen, 489
potency, 488
therapeutic uses, 490

Eubacterium, pleuropneumonia, 693
Eupatorium adenophorum, interstitial

pneumonia, 647
European Commission (EC), Division

Legislation Veterinaire et Zootechnique,
1236

Evans blue dye, plasma volume estimation,
854

evaporative cooling
efficiency, 860
fluid/electrolyte losses, 859–860
guttural pouches, 921
thermoregulation, 921
see also sweat/sweating

excitation–contraction coupling, muscle,
52–53

exercise, 535
acid–base balance see acid–base

balance, in exercise 
blood biochemistry see blood chemistry 
body temperature, 13, 15, 861
cardiovascular response see

cardiovascular system 
endocrine effects see endocrine system 
exertional rhabdomyolysis prevention,

86–87
fluid balance, 857–860

intercompartmental fluid shifts,
857–859

losses, 859–860
see also exercise-associated

dehydration 
fluid replacement therapy, 903–904
gastrointestinal effects see

gastrointestinal tract 
in hand, back problem diagnosis, 446
heat illness see anhidrosis; heat

exhaustion/heat stroke 
hematology, 939–948

see also individual components
high-intensity see high-intensity

exercise 
immune effects see immune system 

intolerance see exercise intolerance 
locomotion and, 217–221
metabolic effects see metabolism 
muscles and see muscle(s), exercise

effects 
peripheral Cushing’s disease, 1145
physiology, 3–8

carbon dioxide production, 6
energy production, 5, 5–6
oxygen delivery, 6
see also energy production; muscle(s) 

preparations in hot conditions,
928–929

recovery after, 846
regimens

dorsal metacarpal complex therapy,
321

proliferative periostitis
(metacarpus/metatarsus) therapy,
336

superficial digital flexor tendon
injury, 415, 1059–1060

renal effects see kidneys/renal 
system 

respiratory effects see respiratory system 
stress response, 1001–1002
tests see exercise testing 
see also training

exercise-associated dehydration, 899–910
acute renal failure, 910
cardiac recovery index, 899
complications, 910

hypercapnia, 902
epidemiology, 909–910
estimates, 908
etiology/pathophysiology, 907–909
history/presenting complaint, 899

clinical signs, 899, 899
laboratory examination, 899–900

electrolyte concentrations, 899,
900, 901

physical examination, 899
prevention, 903–907

diet, 905–906
electrolyte supplementation, 904
fluid replacement see fluid

replacement therapy 
furosemide, 904

therapy, 900–903
assisted cooling, 900
fluid replacement therapy see fluid

replacement therapy 
furosemide, 905
oral electrolyte pastes, 905
Ringer’s solution, 902–903

exercise-associated heat illness see
anhidrosis; heat exhaustion/heat stroke

‘exercise capacity,’ anemia, 967–968
‘exercise heat tolerance,’ definition, 924
exercise-induced pulmonary hemorrhage

(EIPH), 35–36, 633–644, 714–715
definition, 711
diagnostic tests, 35–36, 635–636, 638
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bronchoalveolar lavage, 35–36,
635–636, 636, 1064

exercise testing, 636
partial pressure of arterial oxygen,

36
pulmonary scintigraphy, 636
radiography, 636, 636
tracheal aspirates, 35–36, 636
tracheobronchoscopy, 635, 635

epidemiology, 644, 644
etiology, 642–643, 713, 716

acid–base balance, 890
examination, 35
history/presenting complaint, 35,

633–634
epistaxis, 714

necroscopy examination, 637, 637
pathophysiology, 642, 642–644, 643,

643
arterial blood gases, 36
endothelin, effects of, 807
lesions, 643

performance effects, 634
physical examination, 634, 634–635
prevention, 644
prognosis, 36, 642
Standardbred race horses, 1084
therapy, 36, 638, 639–642, 1064,

1261
antihypertensives, 640
bronchial angiogenesis, 641
bronchodilators, 1064
excessive bleeding, 641
furosemide, 36, 892, 1064
interstitial inflammation, 641
nasal dilator strips, 641, 641, 1064
nasal strips, 36

Thoroughbred race horses, 1064
three-day event horses, 1097

exercise intolerance
anesthesia, 1167
dorsal displacement of the soft palate,

569
HYPP, 95–97
IAD, 615
laryngeal hemiplegia, 580
RAO, 622, 623

exercise testing
blood chemistry, 15, 17

hematocrit, 29
blood gas data, 603, 604
cardiovascular system

atrial fibrillation detection, 12
cardiac arrhythmia detection, 12, 13
cardiac output, 701
heart murmurs, 16
maximum heart rate, 773
M-mode echocardiography, 11, 11
paroxysmal ventricular tachycardia,

12
stress echocardiography, 16
two-dimensional echocardiography,

11, 11

V200, 21–23
ventricular premature depolarization

detection, 12
exertional rhabdomyolysis, 83
in field see exercise testing, in field 
metabolism measurement, 772–773
mitochondrial myopathy, 100, 100
overtraining identification, 29
poor performance analysis see exercise

testing, poor performance 
respiratory system

aerobic capacity (VO2max), 773
bronchoalveolar lavage, 17
EIPH, 636
Standardbreeds, 604, 604
Thoroughbreds, 603–604, 604
tracheal aspirates, 17

splenic contraction, 28
standard treadmill exercise testing see

standard treadmill exercise test
(STET) 

see also specific tests
exercise testing, in field, 19–31

environmental conditions, 21
heart rate measurement, 20, 32

studies, 21–24
velocity vs., 22, 22, 23

lactate measurements, 20, 26, 27
Thoroughbreds, 27–28, 28

metabolic measurements, 26–27
respiratory system, 29–30
Standardbred, 24–26

age effects, 25
blood lactate, 25
disease indications, 25, 26
training effects, 24, 24–25, 25
ventilatory parameters, 604, 604
VLa4 measurements, 24

total red cell volume, 28–29
exercise testing, poor performance, 9–18

blood samples, post-exercise, 17
cardiac examination, resting, 10–12, 16

echocardiography, 10, 11
electrocardiography, 10, 10
expected values, 11, 11–12
fractional shortening calculation, 11

causes, 32–41
cardiovascular problems, 36–39
myopathies, 39–40
respiratory problems, 32–36
see also individual diseases/disorders

diagnostic protocols, 9
history, 9–10
instrumentation, 13–14, 14, 32

core temperature measurement, 13,
15

electrocardiography, 13
lameness evaluation, 10
physical examination, 10
post exercise assessment, 16–17
treadmill familiarization, 12–13
upper respiratory tract, 12

endoscopy, 12, 12

exertional myopathy, lactate
dehydrogenase, 958

exertional rhabdomyolysis (ER), 39–40,
80–92
acute, 81–83, 1188

laboratory examination, 81–82
recognition, 81
therapy, 82–83

anesthesia considerations, 1167, 1175
aspartate aminotransferase, 39, 83,

900, 1109
back diseases/disorders, diagnosis, 448
chronic, feeds, 826
creatine kinase, 39, 83, 900, 1109
definition, 1187
diagnosis, 39–40, 83, 462

eccentric contraction, 87
electrolyte clearance ratios, 83–84
exercise testing, 83
hematology, 83
myoglobinuria, 81

endurance horses, 1109–1110
epidemiology, 92
etiology/pathophysiology, 1109–1110

electrolyte imbalance, 88
equine herpesvirus, 89
equine influenza virus, 89
estrogens, 88
free radicals, 87–88, 88
hypothyroidism, 88–89
metabolic exhaustion, 87
overexertion, 87
oxidative injury, 87–88
selenium, 84
travel, 1113
vitamin E, 84

examination, 39
history, 39
idiopathic recurrent, muscle biopsy, 79
myoglobinuria, 913
polo ponies, 1121
prevention, 1109–1110

diet, 86–87
exercise, 86–87
fluid replacement therapy, 87
phenytoin, 87

prognosis, 40
syndromes, 83–92

diagnostic confirmation, 86
etiology/pathophysiology, 87–89
examinations, 83
history/presenting complaint, 83
inherited causes, 89–92
laboratory examinations, 83–86
muscle biopsy diagnosis, 84, 84–86,

85, 86
prevention, 86–87
see also polysaccharide storage

myopathy (PSSM) 
therapy, 40, 1109

acepromazine, 40, 1096, 1109
butorphanol, 1109, 1115
diuretics, 1096
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exertional rhabdomyolysis (ER) cont’d.
flunixin meglumine, 80, 1109
furosemide, 88
NSAIDs, 80, 1096
phenylbutazone, 80
tranquilizers, 1096

Thoroughbred horses, prepurchase
examination, 1214

three-day event horses, 1095–1097
exhausted horse syndrome, 836–839

epidemiology, 838–839
etiology/pathophysiology, 837, 838
history/presenting complaint, 836
laboratory examination, 836–837
physical examination, 836
prevention, 839
prognosis, 838
therapy, 837–838

exhaustion
endurance horses, 1107–1108
pathologic see exhausted horse

syndrome 
see also fatigue

expiratory impedance (Zeu), upper airway
obstructive disease, 560

expired minute ventilation (VE), 600
extensor carpi radialis (ECR) tendon,

arthroscopy, 189
extensor tendon, injuries/trauma, 1182
extra-articular ligament disease see desmitis
extracellular fluid compartment (ICF), 853
extracorporeal shockwave therapy, 536

dorsal metacarpal complex therapy, 322
gastrocnemius desmitis, 408
superficial digital flexor tendinitis, 408
suspensory ligament injury/trauma,

1060, 1137
tendon injury therapy, 146–149
Thoroughbred race horses, 1060

extrinsic spinal muscles, 437
eye diseases/disorders, 1187, 1187–1188

anti-inflammatory drugs, 1188
corneal ulceration, 517
dressage/three day event horses, 1099
see also specific conditions

F
face flies (Musa autumnalis), 1164–1165
facial nerve (cranial nerve 7), 554

evaluation, 516–517, 517
facial symmetry, neurological evaluation,

516–517, 517
Faenia rectivirgula, recurrent airway

obstruction, 631, 633
fascia examination, back diseases/disorders

diagnosis, 451
fascicules, tendons, 136, 140
fast-twitch muscle fibers, 879
fat adaptation, 825
fatigue

etiology/pathophysiology, 65, 65
mechanisms, 776–777, 778

resistance, training responses, 71
Thoroughbred horse stride

characteristics, 220
fats/oils see lipids
Fédération Equestre Internationale (FEI)

codes of conduct, 1094–1095
contact details, 1236
dressage, 1090–1091
drug/medication rules, 1262

split sample analysis, 1255
drugs in competition, 1101
endurance horses, 1105
as governing body, 1093
high temperature recommendations,

928–929
international transport, 1234
physical therapy, 532

feeds/feeding
allergen precipitin tests, 961
equine gastric ulcer syndrome, 1038,

1042
hyperglycemia, 785
insulinemia, 785
transport, 1239, 1242
see also diet; nutrition

feet see foot/feet
femoropatellar joint

arthroscopy, 196–197
positioning, 196, 196

articular cartilage, ultrasonography,
170

intra-articular anesthesia, 258
lateral trochlear ridge (LTR), 196

anatomy, 194–195, 196
osteochondrosis dissecans, 195, 196
radiography, osteochondral

fragments, 161, 162
osteochondrosis dissecans

arthroscopic therapy, 196–197
lateral trochlear ridge, 196
therapy, 1129
Western performance horses, 

1128
patellar fractures, arthroscopic therapy,

197, 197
trochlear ridge fractures, arthroscopic

therapy, 197
see also stifle

femorotibial joints
arthroscopy, 197–199

caudal compartments, 199
cranial compartments, 198
indications for, 199–200
normal anatomy, 198, 198–199,

199
positioning, 197–198

articular cartilage, ultrasonography,
170

femoral condyle fragmentation, 200
intercondylar eminence of the tibia,

200
medial collateral ligament,

ultrasonography, 167

subchondral bone cysts, arthroscopic
therapy, 200, 200

see also stifle
femur fracture, 1191
fenbendazole, Parascaris equorum therapy,

1158
fenoldopam, acute renal failure, 915
fenoterol, recurrent airway obstruction

therapy, 631
Ferris Smith rongeurs, 189
ferritin, anemia, 973
fetlock

arthroscopy, 191–194
dorsal fetlock, 191–192
indications for, 192–194
palmar/plantar fetlock, 192, 192

conditions affecting see fetlock problems 
motion, 289, 289
radiography

changes affecting performance,
1207

prepurchase examination, 1206,
1209

ultrasonography
articular cartilage, 170
medial collateral ligament, 168

fetlock fractures, 289–308
apical sesamoidean fragments,

193–194, 194
articular abaxial sesamoid fragments,

194
first phalanx, longitudinal, 293–296

displacement, 294
radiography, 294, 295, 296
sagittal, 293–294
therapy, 295, 295–296, 296

metacarpal condyle, 162, 162
osteochondral (chip) fractures,

289–291, 290
proximal sesamoid, 291–293, 292
small articular basilar sesamoidean

fractures, 193
fetlock problems, 192–194, 289–308

annular ligament constriction, 304,
304–307, 308
infectious tenosynovitis, 306
therapy, 306

chronic arthropathy/sepsis, 194
dorsal joint, 192, 193
fractures see fetlock fractures 
luxation, 299
osteoarthritis (osselets), 303–304

radiography, 303
osteochondrosis dissecans lesions, MT3,

193
proximal sesamoiditis, 296–298

radiography, 297, 297
therapy, 297

subchondral bone sclerosis,
Thoroughbred race horses, 1059

suspensory apparatus rupture,
298–299
radiography, 300
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synovial pad, fibrotic proliferation, 193
synovitis/capsulitis

proliferative (villonodular), 193,
301–302, 302

traumatic, 299–301
ultrasonography, 169

type I palmar/plantar PI osteochondral
fragment, 192, 193, 193

fiber see dietary fiber
fibrinogen, 945

geriatric horses, 1140
inflammation, 956
plasma, 954, 956
prepurchase examination, 1204
serum values, 1300–1301

fibrinolysis, EIPH, 641
fibromodulin, in tendons, 137
fibronectin

in joint disease, 497
synovial fibroblasts, 152, 153
in tendons, 137

fibroplasia, tendinitis, 132
fibrosis

muscle, 102, 102–103, 103
myocardium, 759
synovial membrane, 153
synovial pad, 193

fibrotic myopathy, 102–103
examination, 102, 102
therapy, 102, 103

fibular nerve, anatomy, 255
Fick equation, 702–703, 703, 717–718
filtration fraction (FF), in exercise, 863
first aid see emergency procedures
first phalanx, longitudinal fractures see

fetlock fractures
fitness estimations, VLa4 measurement, 24
flat racing, orthopedic injury, 476
flavin adenine dinucleotide (FAD), muscle

contraction, 54
flecainide, atrial fibrillation therapy, 735
flexion tests, 251

back problem diagnosis, 447
carpus, 251
coxofemoral joint, 251, 252
distal limb, 251, 251
distal rear limb, 251, 252
full rear limb, 251
hock arthritis, polo ponies, 1121
lameness diagnosis, 250
metacarpus, 251
prepurchase examination, 1203
proximal forelimb, 251
stifle, 251
see also manipulation

flexor tendons, injuries to, 1185, 1185
‘floated heel,’ 268, 269
flooring, post-anesthesia, 1174
flow metrics, inflammatory airway disease,

617
flow receptors, upper respiratory tract, 544
fluid balance

exercise effects, 857–860

intercompartmental fluid shifts,
857–859

losses, 859–860
extracellular fluid compartment, 853
imbalances, 898–918

deficit estimation, 903, 903
replacement therapy see fluid

replacement therapy 
see also individual diseases/disorders

intra-articular pressure, 154–155, 
155

intracellular fluid compartment, 853
plasma volume, 853–854
red cell volume, 853–854
total body water, 853
training effects, 865, 866–867
vascular space, 853–854
see also body fluids; electrolyte balance;

sweat/sweating
fluid replacement therapy, 1188–1191

acute blood loss, 975–976, 976
acute renal failure therapy, 914
anions, 902
cecal emptying defect therapy, 1045
colic, endurance horses, 1109
colloids, 1189–1190, 1190
crystalloids, 902, 1189, 1190

composition, 902
dehydration estimate, 1189, 1189
endurance horses, 1109, 1113–1114
exercise and

before, 903–904
during, 903–904
after, 904–905

exertional rhabdomyolysis
acute, 82
endurance horses, 1109
prevention, 87
recurrent, 1062–1063

exhausted horse syndrome, 836
exhaustion, endurance horses, 1108
heat exhaustion, 932
Heinz body hemolytic anemia therapy,

984
intravenous

calculations, 903
composition, 902
endurance horses, 1115–1116
exercise-associated dehydration,

902–903
volumes/rates, 903

isotonic solutions, composition, 901
materials needed, 1191
nasal, 901
oral, 900–902
products used, 1190, 1190
Thoroughbred race horses, 1062–1063
three-day event horses, 1101
travel, after, 1113–1114
volumes needed, 1189

fluids
body see body fluids 
evaporative cooling, 859–860

intake during transport, 1239, 1242,
1244–1245

replacement therapy see fluid
replacement therapy 

see also fluid balance
flumethasone

back disease/disorder therapy, 467
dosage regimen, 498
onset of action, 495

flunixin meglumine (FLM), 486, 487–488
in acute blood loss, 976
adverse effects, 493
analgesic effects, 490, 1115, 1187
antithrombotic effects, 492
arytenoid chondritis therapy, 586
authorized limits, 1260, 1260
back pain therapy, 1113
chondroprotective effects, 491
clinical applications, 492
colic, 1109
combination therapy, 493
dorsal metacarpal complex therapy, 321
dosage regimen, 489
drug interactions, furosemide, 1270
endotoxins, effects on, 492
endurance horses, 1109, 1113, 1115
exertional rhabdomyolysis therapy, 80

acute, 82–83
endurance horses, 1109
recurrent, 1062–1063

exhausted horse syndrome, 838
heat exhaustion, 932
laminitis therapy, 276, 492, 1125
pleuropneumonia therapy, 692
potency, 487–488
right dorsal colitis therapy, 1044
Streptococcus equi infection therapy, 679
Thoroughbred race horses, 1062–1063

fluphenazine, 1280–1281
fluticasone dipropionate

IAD therapy, 620
RAO therapy, 631

folic acid, 819
anemia diagnosis, 974
deficiency, anemia, 987–988

follicle-stimulating hormone (FSH), 795,
1194

Food and Agriculture Organization (FAO),
disease classifications, 1229

foot and mouth disease (FMD),
international travel, 1228

foot/feet
anatomy, 260–262

see also specific regions
conformation

three-day event horses, 1095
Warmbloods, prepurchase

examination, 1216
diseases/disorders, 260–288

canker, 286, 286
collateral cartilage, 285–286
distal interphalangeal (coffin) joint

arthrosis, 285
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foot/feet cont’d.
dressage horses, 1095
forelimb lameness, 1085
keratoma, 285
navicular bone fractures, 280,

280–281
palmar foot pain, 262, 281–284
podotrochlea, 280–284
sole bruises, 286
soreness, 1087
Standardbred race horses, 1085,

1087
Thoroughbred race horses, 1061
thrush, 286
underrun heels, 263, 284–285
see also individual diseases/disorders

examination, 262–268
diagnostic analgesia, 267
history, 262–263
hoof balance, 266–267
hoof testers, 266
imaging, 267–268
pain assessment, 267
subjective evaluation, 263–266
white line, 265

injury
shoeing, 1061
show horses, 1135
therapy, 1135
Thoroughbred race horses,

1061–1062
trimming, 1135
web-seated shoes, 1061

size, 282
see also hoof

foot-flight pattern, hindlimb lameness
detection, 242

forage-based rations
endurance horses, 1114
exercise effects, 786

forced expiration
IAD, 615, 617
interstitial pneumonia, 646

forced oscillatory mechanics (FOM)
IAD, 617
RAO, 625

force plates, ground reaction forces, 213
force transmission, muscle, 53
forelimbs

ataxia, cervical stenotic myelopathy,
518

lameness
diagnostic anesthesia (nerve blocks),

253
head bob, 249
kinematic gait analysis see kinematic

gait analysis 
metacarpophalangeal joint,

1085–1086
orthopedic examination, 447
shoeing, 1085
Standardbred horses, 1085–1087
stride length, 249

swing phase, 249
therapy, wide-web shoes, 1085
Western performance horses,

1125–1127
level 1 injury immobilization, 1181,

1181
level 2 injury immobilization, 1182,

1182
level 3 injury immobilization, 1182,

1183
peripheral nerve distribution, 255

‘forging,’ 1075, 1075
formalin, 10% buffered, in acute blood loss,

976, 976
formoterol, recurrent airway obstruction

therapy, 631
fourth and sixth brachial arch defect see

palatopharyngeal arch, rostral
displacement

‘fox-trot,’ 218, 218
fractional shortening, calculation, 11
fractures, 526, 1179–1183

bone functional adaptation, 125
classification system, 1180
history, 1179
imaging see individual methods
laboratory examination, 1180
physical examination, 1179–1180
sedation/anesthesia, 1179–1180
Standardbred race horses, 1087, 

1088
therapy, 1180–1184

level 1 injury, 1181, 1181–1182
level 2 injury, 1182, 1182, 1183
level 3 injury, 1182, 1183, 1184
level 4 injury, 1182–1183

transportation guidelines, 1183
see also individual bones/regions

Frank–Starling mechanism, 713
free radicals, exertional rhabdomyolysis,

87–88, 88
‘freeze-firing,’ dorsal metacarpal complex

therapy, 322
frog

anatomy, 260
ratio, foot examination, 266
wedge test, palmar foot pain, 281

frusemide see furosemide (frusemide)
full rear limb, flexion tests, 251
functional residual capacity (FVC),

recurrent airway obstruction, 625
fungi

allergen precipitin tests, 961
RAO, 631
see also mycoses

furacin-DMSO-glycerin-prednisolone,
epiglottitis therapy, 579

furosemide (frusemide), 1268–1273
acute exertional rhabdomyolysis

therapy, 82
acute renal failure, 914–915
authorized limits, 1260, 1261
drug interactions, 1270

EIPH prophylaxis, 639, 639–640, 642,
1261, 1268, 1270–1271
performance effects, 1273
racing, permitted before, 1269

EIPH therapy, 36, 892
Thoroughbred race horses, 1064

endurance horses, 1116
exercise-associated dehydration

prophylaxis, 904
exercise-associated dehydration therapy,

905
exertional rhabdomyolysis therapy, 88
induced alkalosis, 1273
performance effects, 1271, 1271–1273

mechanisms, 1272–1273
pharmacokinetics, 1269
pharmacologic effects, 1269, 1272

acid–base balance, 892
alkalosis induction, 892
cardiovascular system, 1269–1270
pulmonary artery pressure

reduction, 713, 715
RAO therapy, 630

Fusobacterium necrophorium infection, 286
Fusobacterium, pleuropneumonia, 693

G
gait, 217

analysis see gait analysis 
asymmetric, 217, 218, 219
ataxic see ataxia 
classification, 217–218
development in young, 221
dressage horses see dressage horses 
energy efficiency/expenditure, 4, 780
laminitis, 275
neurologic deficits see neurological

disease 
NSAIDs, effect of, 1274
osteochondrosis dissecans

of stifle, 376
of tarsus, 390

race performance vs., 224
Standardbred horses, 1074, 1074–1075
stride see stride 
symmetric, 217, 218, 218–219
terminology, 217
training effects, 71
transitions, 219

determination, 220
dressage horses, 226

upward fixation/chondromalacia, 381
varieties, 217–219
see also individual types

gait analysis, 210–216
applications, 222–228
back problem diagnosis, 446–447
breeding selection, 222–223

dressage, 222–223
heritabilities, 223, 223
jumping, 222, 222

kinematic see kinematic gait analysis 
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kinetic see kinetic gait analysis 
muscle assessment, 48
treadmill vs. ground exercise, 215,

215–216, 216
see also treadmill exercising/tests

galanin, 801
gallop, 218, 219

dressage horses, 222
respiratory coupling, 220
rotary/’wheel,’ 219, 224
stride variables, effect on, 220
tests in Thoroughbred race horses, 224
transverse, 219

L-gamma-glutamyl transaminase (GGT),
944, 959
Cushing’s disease, 1142
Parascaris equorum infection, 1158
serum values, 1300–1301
training responses, 945–946

gas chromatography (GC), drug testing,
1257, 1258

gastric inhibitory peptide, 801–802
gastric ischemia, 1018
gastric motility/emptying see

gastrointestinal tract
gastric secretion

acids, 1014
gastrointestinal tract tests, 1018

gastric ulcers see equine gastric ulcer
syndrome (EGUS)

gastrin, 801, 802
exercise effects, 1017

gastrin-releasing peptide (bombesin), 801,
802

gastrocnemius (Achilles) tendon
injuries, 406–408

therapy, 408
point of attachment, 385
tendinitis, 427–428

prognosis, 408
gastroduodenal ulcer disease (GDUD),

1037–1038
gastrointestinal tract, 1013–1015

absorption, 1014
blood flow effects, 1020–1021
exercise effects, 1017

analysis, 1015–1019
barium studies, 1017
barostats, 1015, 1016, 1016
blood flow measurements, 1016
breath tests, 1017, 1017
diet digestibility, 1015–1016
gastric ischemia, 1018
gastric secretion, 1018
hydrogen, 1018
lactose-13C ureide breath test, 1018
mucosal permeability/absorption,

1018–1019
peptide/steroid monitoring,

1016–1017
pH monitoring, 1016, 1016
transit markers, 1015
transit times, 1018

anatomy, 1037
digestion, 1014
diseases/disorders, 1037–1048

anemia, 989
cecal emptying defect, 1045
diarrhea see diarrhea 
dressage/three day event horses,

1097–1098
right dorsal colitis, 1043–1044,

1043–1045
therapy, 1043–1044
Thoroughbred race horses,

1065–1066
see also individual diseases/disorders

as endocrine gland, 801–802
see also individual hormones

exercise effects, 1013–1026
absorption, 1017
anatomy, 1021–1022
antoduodenal volume, 1042
blood supply, 1020–1021
clinical implications, 1021–1023
equine gastric ulcer syndrome,

1042–1043
forage meals, 786
gastric motility/emptying, 1019,

1042
grain feeding, 785–786
intestinal motility/transit,

1019–1020, 1020
mechanical factors, 1021
mucosal barrier integrity, 1021
physiology, 1022–1023

motility, 1014
adrenocorticotrophin, 1020
catecholamines, 1019–1020
CRH, 1020
intestines, 1019–1020
stomach, 1017–1018
tests, 1017, 1017, 1018

mucosal barrier, 1014
NSAIDs adverse effects, 493–494
secretion, 1014
transport, effects of, 1239, 1242
see also specific regions

gene expression
muscle training responses, 70, 70
steroid hormones, 794, 794

general anesthesia, radiography, 459
genetic influences, skeletal development,

121
genioglossus muscle, 549, 549, 550
geniohyoideus muscle, 549, 550
gentamicin

adverse reactions, acute renal failure, 915
drug interactions, phenylbutazone, 490
pleuropneumonia therapy, 690

geriatric horses, 1139–1147
blood chemistry, 1140

acid–base balance, 890
insulin, 1141
lactate amounts, 704
metabolic acidosis, 1139

renin, 1141
calcium supplementation, 1141
cardiovascular system, 1139

heart rate, 704
demography, 1139
dexamethasone suppression tests, 1141
diseases/disorders, 1141–1145

equine viral arteritis, 1140
oral/dental disease, 1028

endocrine system, 1141
somatotrophin, 1140

fluid/electrolyte balance, 867–868
hematology, 1140
immune system, 1140
musculoskeletal system, 1141

tendons, 138–142
NSAIDs pharmacokinetics, 488
oral glucose tolerance test, 1141
phosphorus supplementation, 1141
respiratory system, 1139

blood gases, 1140
thermoregulation, 868, 927–928, 1139

ghrelin, 803–804
glandular mucosa, stomach, 1037
glandular ulceration, equine gastric ulcer

syndrome, 1038
globulins, 945

exercise responses, 945
�-globulin, infections, 954, 955
�-2 globulin

hepatopathy, 954, 955
lymphosarcoma, 955

�-2 globulin, inflammation, 954, 956
�-1 globulin, Strongylus infection, 954,

954
serum values, 1300–1301

uses, 953
glomerular filtration rate (GFR), exercise

effects, 863
glomerulonephritis, proteinuria, 913
glossopharyngeal nerve (cranial nerve 9),

551, 554
evaluation, 517

glucagon, 801, 808
glucocorticoids

cervical stenotic myelopathy therapy,
522–523

heat exhaustion, 932
receptors, exercise/training response,

1004
vertebral fracture therapy, 527
see also corticosteroids; specific hormones

gluconeogenesis, 800–801
glucosamines, 504–505

arthritis therapy, 1121
capsulitis therapy, 352
degenerative joint disease therapy, 1112
effective dose, 504–505
joint injuries/disease, 1057
mechanism of action, 504
osteoarthritis, 362
post-dental therapy, 1035
toxicity, 505
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glucose
in blood, 6, 960, 1300–1301

hypoglycemia, 900
transport to muscles, 65
see also hyperglycemia 

electrolyte solutions, exercise-associated
dehydration, 905

as energy supply, 775
levels during exercise, 777
liver storage, 775
supply enhancement, 829
tolerance tests, 86

glucose tolerance tests, 86
GLUT-4 see insulin-activated glucose

transporters (GLUT-4)
glutamate dehydrogenase (GLDH), 944,

959
gluteal muscle

atrophy, 368
examination, 457

glycogen
anaerobic exercise depletion, 66
as energy source, 4
muscle, 6, 775

in exercise, 778
nutritional therapy, 828–829
training responses, 70

structure, 90, 91
synthesis, in recovery, 781–782

glycogenesis, 800
glycogenolysis

dietary effects, 785
muscle, in exercise, 874
warm-up, during, 779

glycolysis
anaerobic, 6
muscle contraction, 55, 874

glycopyrrolate, preanesthetic, 1169
glycosaminoglycans

degenerative joint disease therapy, 1112
tendon injury/trauma repair, 143
in tendons, age relation, 141

‘going down on bumpers,’ 1062, 1062
goitrogenic feeds, hypothyroidism therapy,

842
gonadotrophin-releasing hormone (GnRH),

1194
effect on fertility, 1198
immunization against, 1195,

1196–1197, 1198
prevention of estrus, 1195
stallion behavior modification,

1196–1197
gonads, 807
government officials, international

transport, 1231–1232
gracilis muscle, 437
grafting, osteochondrosis dissecans of stifle,

378
grain feeding, exercise effects, 785–786
granulocyte/macrophage-colony

stimulating factor (GM-CSF),
exercise/training response, 1003

granulocytes
mobilization, 1002–1003
RAO, 632

granulomas, interstitial pneumonia, 646
granulomatous tracheitis, 591
gross fractures, bone functional adaptation,

125
ground exercise, incline running vs., 216
ground reaction forces

hoof force shoes, 213–214, 214
kinetic gait analysis, 213, 213–214
treadmill integrated force measuring

systems, 213
growth hormone (GH) see somatotrophin

(growth hormone) (ST)
growth plates, definition, 117
‘grunt test,’ laryngeal hemiplegia, 580
guaifenesin

anesthesia induction/maintenance,
1172, 1172

rhabdomyolysis, 1187
guanabenz, EIPH therapy, 640
The Guidelines to Facilitate the Temporary

Movement of Registered Racehorses for
International Races, 1234

‘gut fill,’ 830
guttural pouches, 553–556, 554, 555

anatomy, 554–556
empyema see Streptococcus equi infection 
evaporative cooling, 921
mycosis, 589–591

endoscopy, 590, 590
etiology/pathophysiology, 591
examination, 590
history/presenting complaint, 589
prognosis, 590–591
therapy, 590

physiology, 553–555
retropharyngeal lymph nodes, 554
stylohyoid bone, 554

H
H2 blockers see antihistamines
hair, drug testing, 1254
Haldane effect, 941
halothane, anesthesia maintenance, 1173
hand floating, rostral hook therapy,

1034–1035
hand washing/hygiene, viral infection

prevention, 664
harness racing, 1073–1089, 1075–1076,

1076
biomechanics, 224
orthopedic injury, 476
trot, 218–219
see also Standardbred horses

harness trotters see Standardbred horses
hay, composition, 823
H band, muscle, 48, 49
head

injuries, 1186–1187
basisphenoid fractures, 1186, 1187

rectus/longus capitus muscle
rupture, 1186–1187, 1187

therapy, 1187
position, upper respiratory tract, 542
shaking, 515, 529–530

therapy, 529–530, 530
trauma, 526–527

cerebrospinal fluid, 527
‘head bob’

definitions, 232–233
forelimb lameness diagnosis, 249
hindlimb lameness diagnosis, 249–250

health status protection, quarantine
controls, 1235–1236

heart
anatomy, 705
blood flow, in exercise, 717
conduction system, 705
failure see heart failure 
left vs. right atrial valve, 705–706
murmurs see heart murmurs 
rate see heart rate 
size, 704–706

aerobic capacity (VO2max) vs., 703
cardiac output vs., 704, 706
estimation of, 705
heart ratio, 706
individual comparisons, 704–705,

706, 707
stroke volume, 704

weight
heart scores vs., 707
training effects, 721

see also entries beginning cardio-/cardiac
heart-bar shoes, 1061
heart failure

atrial enlargement, 748
cachexia, 748, 749
clinical signs/symptoms, 748–749
heart murmurs, 38
peripheral edema, 748, 750, 751
pulmonary edema, 748
tricuspid regurgitation, 747

heart murmurs, 728, 745–757
anesthesia considerations, 1168
congestive heart failure, 38
diastolic filling murmurs, 746
endocarditis, 745
exercise testing, 16
physiological, 745
prevalence, 745
systolic ejection murmurs, 745–746
Thoroughbred race horses, 1066
valvular regurgitation, 38–39
ventricular septal defect, 752
see also specific conditions

heart rate
aerobic capacity (VO2max) vs., 712
air transport, effects of, 1246
anesthesia, monitoring in, 1173
catecholamines, effect of, 712
exercise effects, 711, 712, 712, 772,

807
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geriatric horses, 704, 1139
maximum, 773
measurements, 15

exercise testing see exercise testing 
Standardbred race horse training,

1082
performance/fitness measure, 20,

21–24
velocity vs., 22, 22, 23, 712, 712

recovery, 1108
regulation, sympathetic nervous system,

712
stride length vs., 221
studies at gallop, 21–24
training effects, 721
in transport, 1245–1246
V140 (140 bpm), training effects, 721
V200 (200 bpm), 21

in exercise testing, 21–23
as indicator of aerobic capacity,

774–775
training effects, 22–23, 23, 721

see also cardiac arrhythmias
heart ratios, 706
heart scores

breeding programs, 705
calculation, 705, 707
individual comparisons, 706
stroke volume vs., 707
weight vs., 707

heat
production, 919–920
therapeutic see heat therapy 
transfer mechanisms, 6, 920–922
see also body temperature;

thermoregulation
heat exhaustion/heat stroke, 931–933

definition, 929
diagnosis, 931–932
epidemiology, 933
etiology/pathophysiology, 932–933,

933
exhausted horse syndrome, 838
history/presenting complaint, 931

metabolic acidosis, 931–932
metabolic alkalosis, 931–932
synchronous diaphragmatic flutter,

931
physical examination, 931
prevention, 933
prognosis, 932
therapy, 932
three-day event horses, 1100

heat stroke see heat exhaustion/heat stroke
heat therapy, 532, 532–534

application methods, 533–534
back disease/disorder therapy, 470
exertional rhabdomyolysis, endurance

horses, 1109
gastrocnemius desmitis, 408
indications for, 533
physiological effects, 532–533
superficial digital flexor tendinitis, 408

tissue damage, 533
see also therapeutic ultrasound

heaves see recurrent airway obstruction
(RAO)

heavy metals, acute renal failure, 915
heel(s)

caudal pain, 1135
caudal syndrome, 1121
contracted, 282
‘floated heel,’ 268, 269
support, tarsal osteoarthritis therapy,

405
underrun, 263, 284–285
wedges, upright hoof therapy, 285
wobbler, 518
see also calcaneus

Heinz bodies
anemia, 970
hemolytic anemia, 969, 969, 970,

974, 984, 984–985, 985
hemantics, iron-deficiency anemia

prevention/therapy, 987
hematocrit

acute blood loss, 975
acute exertional rhabdomyolysis, 82
anemia, 968
corrected, electrolyte concentration

calculations, 857, 857
exercise effects, 941–942, 942
exercise testing, 29
immune-mediated hemolytic anemia,

982
as performance/fitness measure, 29
plasma volume calculations, 855, 855
red cell hypervolemia, 991, 992
reference values, 1295–1296
training-induced polycythemia, 847

hematology, 949–966
analysis, 950–951
anemia diagnosis, 968–969
back problem diagnosis, 448
Cushing’s disease, 1142
diet relation, 940, 940
drug testing, 1254
equine pleuropneumonia, 689
exercise/training responses, 939–948
exertional rhabdomyolysis syndromes,

83
exhaustion, endurance horses, 1108
geriatric horses, 1140
HYPP, 93
indications for, 953
lower respiratory tract disease, 1063
mitochondrial myopathy, 100
pre-anesthesia, 1169
sample collection/handling, 939–940,

950
subject-related variation, 939–940
transport, effects of, 1246–1247
see also specific tests

hemoconcentration, 951
leukocytosis, 1002
overtraining, 951

hemoglobin
concentration

anemia, 968
exercise effects, 711
reference values, 1295–1296
training-induced polycythemia, 847

function/mechanism of action,
940–941

hemoglobinuria
acute tubular necrosis, 915
anemia, 972–973
Heinz body hemolytic anemia, 984

hemogram, prepurchase examination,
1204

hemolysis, intravascular, lactate
dehydrogenase, 957

hemolytic anemia see anemia
hemorrhage

anemia, 951
wounds, 1184

hemosiderophages
normal values, 17
red cell hypervolemia, 991

hemostasis, non-steroidal anti-
inflammatory drugs, 492, 494

heparin
anemia, 990
laminitis therapy, 276

hepatic system see liver
hepatitis, L-gamma-glutamyl transaminase,

959
hepatopathy

aspartate aminotransferase, 957
�-2 globulin, 954, 955

heritabilities, gait analysis, 223, 223
herpesvirus see equine herpesvirus (EHV)
hesperidin, EIPH therapy, 641
Hetastarch, fluid resuscitation, 1190,

1190
high-altitude training, acid–base balance,

889
high carbohydrate diets, metabolism, 783,

784
high-intensity exercise

acid–base balance, 882, 882, 884–885,
885

[Atot], 884–885, 885
bicarbonate buffer system, 884–885,

885
partial pressure of arterial carbon

dioxide, 884–885, 885
strong ion difference [SID], 884–885,

885
high nails, Thoroughbred race horses, 1061
high performance liquid chromatography

(HPLC), drug testing, 1257, 1258
‘high suspensory syndrome,’ 342–343
hill running see incline running
hindlimbs

diagnostic anesthesia (nerve blocks),
254

lameness
diagnostic analgesia, 1087
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hindlimbs cont’d.
head bob, 249–250
hip elevation, 249
kinematic gait analysis see kinematic

gait analysis 
nuclear scintigraphy, 1087
orthopedic examination, 447
protraction, 240, 241
radiography, 1087
Standardbred race horses,

1087–1089
tuber coxae displacement, 249
Western performance horses,

1127–1129
level 1 injury immobilization, 1181,

1181
level 2 injury immobilization, 1182,

1183
level 3 injury immobilization, 1182,

1184
peripheral nerves, 255

hip elevation, hindlimb lameness diagnosis,
249

‘hip-hike,’ definitions, 232
histamine, airway obstruction tests,

617–618, 622
histochemistry, muscles, 48, 773
Histoplasma, interstitial pneumonia, 647
hobbles, Standardbred race horses, 1075,

1075
hock

arthritis, flexion tests, 1121
arthroscopy, 194–196

chronic arthropathy, 195–196
dorsal tarsocrucial joint, 194–195
indications for, 194–195
osteochondrosis dissecans, 195, 195
plantar tarsocrucial joint, 194
positioning, 194
septic joint disease, 196

fractures
intra-articular fractures, 195
recommended therapy/prognosis,

1191
hitting, in trotting, 1074–1075, 1075
pain, dressage horses, 1095
radiography, prepurchase examination,

1209
Hong Kong Agriculture, Fisheries and

Conservation Department, 1236
hoof flight arc, definitions, 233
hoof force shoes, 213–214, 214
hoof/hooves

anatomy, 260–262
coronary band see coronary band 
frog see frog 
lamellae, 261–262
lamellar corium, 261
stratum lamellatum, 261

avulsions, 271
examination

balance, 266–267
extension test, pain assessment, 267

gait analysis, 215, 215
lameness diagnosis, 250
Thoroughbreds, prepurchase, 1212

hoof flight arc, definitions, 233
injuries

kinetic gait analysis, 215, 215
shoeing, 1061
Thoroughbred race horses,

1061–1062
lacerations, 270–272

therapy, 271–272
laminitis see laminitis 
locomotion biomechanics, 226, 227,

228
sepsis within, 272–274

foreign bodies, 273
therapy, 273, 273–274

upright hoof, 285, 285
wall defects, 268–270

cracks vs. clefts, 268
therapy, 268, 268–270

see also foot/feet
hoof testers

back problem diagnosis, 447
feet examination, 266
lameness diagnosis, 250
pain assessment, 267
palmar foot pain, 281

hooves see hoof/hooves
hormones

appetite/energy balance, 802–804
back disease/disorder therapy, 468
control, negative feedback systems, 795
in exercise see endocrine system,

exercise effects 
lung circulation/microcirculation, 710
signal transduction systems, 794,

794–795
sweating, 859–860
transport, effects of, 1247
warm-up effects, 779
see also endocrine system; individual

hormones
Horner’s syndrome

guttural pouch mycosis, 589, 
590–591

laryngeal hemiplegia, 580
nasal congestion, 546
neurological evaluation, 517, 517

horn, production, 261
horse flies (Tabanus), 1165

equine infectious anemia transmission,
978

hot packs, 533
house flies (Musa domestica), 1164–1165
housing

equine gastric ulcer syndrome, 1043
viral respiratory tract infections, 665

Howell–Jolly bodies, anemia, 970
humerus

arthroscopy
lateral condyles, 202–203
medial condyles, 203

fractures
radiography, 162
recommended therapy/prognosis,

1191
stress fractures, 1058

intertubercular bursa
bursitis, 207
endoscopy, 206–207, 207

radiography
fracture, 162
subchondral bone cysts, 162, 162

humoral immune response,
exercise/training effects, 1000, 1003

hunters see show horses (hunters/jumpers)
hunter’s bump, 444, 445
hurdle racing, orthopedic injury, 476
Hurlingham Polo Association, 1118
hyaladherins, 156
Hyalomma see ticks
hyaluronan, 156
hyaluronic acid (HA), 499

caudal heel pain, 1135
degenerative joint disease therapy, 1112
distal sheath syndrome therapy, 429
injuries, therapy of

collateral ligament, 372
fetlock synovitis/capsulitis,

299–301, 300
meniscal injuries, 373
polo ponies, 1120
suspensory ligament, 1137
tendons, 146

osteoarthritis therapy, 362, 1121,
1128, 1136
intra-articular, 362
systemic, 362
tarsus, 404–405

palmar foot pain, 283
post-dental therapy, 1035
superficial digital flexor tendinitis

therapy, 416
systemic, synovitis therapy, 350
in tendons, 137

hydration state
tendons, 138
thermoregulation, 927
see also fluid balance

hydrochlorothiazide, HYPP prophylaxis, 95
hydrocollator packs, 533
hydrocortisone

allowable limits in competition, 1101
threshold levels, 1263

hydrogen breath test, 1018
hydroprogesterone caproate, estrus

prevention, 1195
3-hydroxyacyl-CoA-dehydrogenase (HAD)

energy transduction pathways, 776
exercise/training effects, 704

hydroxyapatite, bone matrix, 114
11�-hydroxysteroid dehydrogenase type 1

(11�-HSD1), 1145
hyoepiglottieus muscle, 549, 553, 553
hyoglossus muscle, 549, 550
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hyoid apparatus, 549
anatomy/function, 549–551
function, 550
hypoglossal nerve, 550

hyopharyngeus muscles, 551
hyovertebrotomy, 680
hypaxial muscle groups, spine, 436–437
hyperaldosteronism, 844–845
hypercalcemia, ionized, synchronous

diaphragmatic flutter, 912
hypercapnia

during exercise, 606
exercise-associated dehydration, 902
pulmonary function, 605, 605
RAO, 627

hyperfibrinogenemia, right dorsal colitis,
1043

hyperglycemia
Cushing’s disease, 1142
exercise-associated dehydration, 900
feeding, 785
grain ingestion, 828
hyperaldosteronism, 844

hyperhydration, exhausted horse syndrome
prevention, 839

hyperimmune serum, laminitis therapy,
276

hyperinsulinemia, grain ingestion, 828
hyperkalemic periodic paralysis (HYPP),

92–98, 1123–1244
back problem diagnosis, 448
as breeding trait, 1123–1244
diagnostic confirmation, 93–94

electrocardiography, 92
electromyography, 92, 92, 94
endoscopy, 92
exercise intolerance, 98
restriction fragment length

polymorphisms, 94, 94
dressage/three-day event horses, 

1096
epidemiology, 97, 98
etiology/pathophysiology, 95–98, 96

DNA sequences, 94, 94
sodium channel structure, 96

examination, 93
history/presenting complaint, 92–93,

1124
dorsal displacement of the soft

palate, 573
dysphagia, 92
muscle hypertrophy, 98
myotonia, 92, 95–97
nasopharyngeal collapse, 566–567
pharyngitis, 92

prophylaxis, 95
Quarter Horses, 1217
therapy, 94, 1124

hyperphosphatemia, synchronous
diaphragmatic flutter, 840

hyperpnea, exercise, 607
hypersensitivity type I, recurrent airway

obstruction, 631

hyperthermia
anhidrosis, 1108
endurance horses, 1108
etiology/pathophysiology, 6
exhausted horse syndrome, 838
therapy, 1108

hyperthyroidism, 842–843
hypertonic dehydration, 909
hypertonic fluids, definition, 898
hypertonic sweat, 856, 860
hypoalbuminemia, right dorsal colitis,

1043
hypoaldosteronism, 843–844
hypocalcemia

acute renal failure, 913
anesthesia considerations, 1175
synchronous diaphragmatic flutter,

840, 911, 912
hypochloremia

acute renal failure, 913
etiology/pathophysiology, 838
exercise-associated dehydration, 899
metabolic alkalosis, 912, 912
synchronous diaphragmatic flutter, 840

hypochromasia, iron-deficiency anemia,
986

hypoglossal nerve (cranial nerve 12), 554
evaluation, 517
hyoid apparatus, 550

hypoglycemia, exercise-associated
dehydration, 900

hypokalemia
anesthesia considerations, 1175
synchronous diaphragmatic flutter, 840

hypomagnesemia, synchronous
diaphragmatic flutter, 840

hyponatremia
acute renal failure, 913
dehydration, 861
synchronous diaphragmatic flutter, 840

hypophosphatemia, acute renal failure,
913

hypoproliferative anemia see anemia
hypoproteinemia

iron-deficiency anemia, 986
right dorsal colitis, 1043

hypotension, in anesthesia, 1173–1174
hypothalamic–pituitary–adrenal (HPA)

axis, 1001, 1002
hypothalamic–pituitary–ovarian (HPO)

axis, 1194
hypothalamus

hormone secretion, 843
pituitary gland, control of, 795
thermoregulation, 919

hypothyroidism, 840–842
dressage horses, 1099
epidemiology, 842
etiology/pathophysiology, 842
exertional rhabdomyolysis, 88–89
history/presenting complaint, 841
laboratory examination, 841
prevention, 842

prognosis, 842
therapy, 841–842

hypotonic fluids, definition, 898
hypoventilation, gas exchange during

exercise, 608
hypoxanthine, levels during exercise,

777–778
hypoxemia, post-anesthesia, 1174–1175
hypoxia

during exercise, 606
pulmonary function, 605, 605

hysteresis, tendons, 139, 139

I
I band, muscle, 48, 49, 51
ibutilide, atrial fibrillation therapy, 735
ice water, 534
ichthammol, hoof wall defect therapy, 268
idiopathic dilated cardiomyopathy,

759–760
idiopathic laryngeal hemiplegia, acid–base

balance, 890–891
idiopathic recurrent exertional

rhabdomyolysis (ER) see exertional
rhabdomyolysis (ER)

iliac arteries, thrombosis, 39
iliacus muscle, 437
iliocostalis muscles, 437
iliopsoas muscle, 437
imaging, 161–187

back diseases/disorders, 458–461
show horses, 1138

feet examination, 267–268
lameness diagnosis, 258
Thoroughbred race horses, 1054
Western performance horses,

1124–1125
see also individual methods

imidocarb, equine piroplasmosis, 981
immobilization see cast immobilization
immune-complex-mediated

glomerulonephritis, 979
immune-mediated hemolytic anemia, 974,

981–983
cold agglutinin, 982
therapy, 982–983
warm agglutinin, 982

immune-mediated vasculitis, 763
immune response, exercise/training effects,

1000–1001, 1003
immune system, 1000–1001

exercise/training effects, 657–658,
1000–1012, 1001, 1001
adaptive response, 1000–1001
antibodies, 1001
B cells, 1000
bronchoalveolar macrophages, 1003
cellular response, 1000
cytotoxic T-lymphocytes, 1000, 1002
geriatric horses, 1140
humoral response, 1000, 1003
infectious diseases, 1005–1006
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immune system cont’d.
innate response, 1000
leukocytes, 1003
leukocytosis, 1002–1003
lymphokine-activated killer cells,

1003, 1003
lymphoproliferation, 1001, 1001,

1002, 1003
macrophages, 1000, 1001, 1001
mechanisms, 1003–1005
model, 1004
monocytes, 1002
natural killer cells, 1000, 1001,

1001, 1002, 1003
neutrophils, 1000, 1001, 1001,

1002, 1003
stress response, 1001–1002
T helper cells, 1000, 1002, 1003

geriatric horses, 1140
transport, effects of, 1248
see also specific components

immunoblot analysis, EPM, 524–525
immunohistochemistry, muscle assessment,

46, 47
immunomodulation

EPM therapy, 525
heat exhaustion, 932
stallion behavior control, 1196–1197

immunosuppression
corticosteroids, 1004
Cushing’s disease, 1142
exercise-induced see immune system 

impinged/over-riding spinous processes,
464

import permits, international travel, 1231
import risk analysis, international

transport, 1230–1231
incline running

cardiac output, 701
ground exercise vs., 216
Thoroughbred race horse training, 1055

incremental steady-state exercise, 884,
884

indentation studies, osteoarthritis, 157
indirect fluorescent antibody test (IFAT),

equine piroplasmosis, 981
indocyanine green, plasma volume

estimation, 854
indomethacin

adverse effects, right dorsal colitis, 1044
drug interactions, furosemide, 1270
potency, 487–488

infectious arthritis (sepsis), carpus,
362–363

infectious diseases
bacterial see bacterial infections 
classification/reporting, 1229
exercise/training, response to,

1005–1006
fungal see mycoses 
international spread, 1227–1228
outbreaks, impact, 1228
parasitic see parasitic infections 

viral see viral infections 
see also individual diseases

infectious respiratory disease (IRD), viral
see viral infections, respiratory tract

infectious tenosynovitis, annular ligament
constriction, fetlock joint, 306

inferior check desmotomy, upright hoof
therapy, 285

inferior check ligament see deep digital
flexor (DDF) tendon, accessory ligament

inflammation
�-2 globulin, 954, 956
drug treatment see anti-inflammatory

drugs 
fibrinogen, 956
muscle trauma, 77
non-septic, 952
plasma protein response, 956, 956
post-dental therapy, 1035
protein electrophoresis, 954
septic, 952
serum amyloid A, 956
synovial membrane, 153
tendinitis, 132
thermography detection, 175, 175, 177
see also specific causes

inflammatory airway disease (IAD), 35–36,
613–622
diagnosis, 35–36
differential diagnosis, 618–620,

619–620
RAO vs., 613, 614, 618, 619–620,

624
epidemiology, 621–622

variation with age, 684, 685
etiology/pathophysiology, 621

bacterial infections, 683–686, 1063
environment, 1063

history/presenting complaint, 35, 614
performance effects, 615
physical examination, 35, 614–618

bronchoalveolar lavage, 614, 616,
617, 618, 618

endoscopy, 614, 615–616, 1063
lung function, 615, 616–617

prevention, 622
prognosis, 36, 621
therapy, 36, 620–621, 1064

bronchodilators, 36, 619, 620–621,
1064

corticosteroids, 36, 619, 620, 1064
metered dose inhalers, 36
mucolytics, 1064

Thoroughbred race horses, 1063–1064
inflammatory mediators, recurrent airway

obstruction, 632
influenza see equine influenza virus (EIV)
injuries/trauma, 1179–1192

classification systems, 1180
epidemiology, 1192
fractures see fractures 
oral/dental disease, 1030–1031
polo ponies, 1120

prepurchase examinations
Standardbred race horses, 1213
Thoroughbreds, 1212

recommended therapy/prognosis, 1191
small metacarpus/metatarsus bone

fractures, 341
see also wounds; individual injuries

innate immune response, exercise/training
effects, 1000

inosine monophosphate (IMP), muscle
contraction, 55

insecticides
horses, direct application, 1163–1164
problems with, 1162

insect repellents, direct application,
1163–1164

insertion desmopathy, 305
inspiratory impedance (Ziu), upper airway

obstructive disease, 560
instrumentation, exercise testing, 32
insulin, 800–801

during exercise, 772
geriatric horse, 1141
HYPP therapy, 1124
sensitivity, polysaccharide storage

myopathy, 90–91
insulin-activated glucose transporters

(GLUT-4), 782
in muscle, 55, 59–60, 61

training responses, 70
polysaccharide storage myopathy,

90–91, 91
insulinemia, feeding, 785
insulin-like growth factor-1 (IGF-1), tendon

injury therapy, 146
insurance purposes, prepurchase

examination, 1202, 1204
intercellular adhesion molecule (ICAM-1),

synovial fibroblasts, 153
intercompartmental fluid (ICF), exercise

effects, 857–858
intercondylar eminence (tibia),

arthroscopic therapy, 200
interference injuries

endurance horses, 1112
Standardbred race horses, 1074–1075,

1088
Thoroughbred race horses, 1061–1062,

1062
interferon alpha (IFN-�), inflammatory

airway disease therapy, 620
interleukin-1, heat exhaustion, 932
interleukins, exercise/training response,

1003
interlimb co-ordination, hindlimb lameness

detection, 242
intermediate ridge of the tibia (IRT),

osteochondrosis dissecans, 195, 195
intermittent dorsal displacement of the soft

palate (IDDSP), 1065
International Agreement on Breeding and

Racing (IABR), international
travel/quarantine, 1234
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International Air Transport Association
(IATA), welfare legislation/standards,
1233, 1236

International Animal Health Code, Office
Internationale des Epizooites, 1230

International Federation of Horseracing
Authorities (IFHA)
contact details, 1236
international travel/quarantine,

1233–1234
International Olympic Committee (IOC),

1093
International Thoroughbred Breeders

Meeting, disease notification, 1229
international transport, 1227–1238

contact information, 1236
Federation Equestre Internationale,

1234
government officials, 1231–1232
horse industry organizations, 1233
import permits, 1231
import risk analysis, 1230–1231
Office Internationale des Epizooites see

Office Internationale des Epizooites
(OIE) 

passports, 1233, 1234
quarantine controls see quarantine 
racing authorities, 1233–1234
regionalization, 1231
shipping agents, 1232, 1240
vaccinations, 1233
veterinarians, 1232–1233
welfare legislation/standards, 1233
World Trade Organization, 1229

International Trotting Association, 1236
interspinous injections, anti-inflammatory

drugs, 457–458
interstitial fluid

electrolytes, 856
fluxes during exercise, 857–858

interstitial inflammation, EIPH, 641
interstitial pneumonia, 644–647

diagnostic confirmation, 646
epidemiology, 647
etiology, 647
examination, 645, 645

necroscopy, 646
history/presenting complaint, 645
lung mechanics, 646
pathophysiology, 647
prevention, 647
prognosis, 647
RAO vs., 646
therapy, 646–647

intertubular horn, 261
interval/tapered training programs, 1081,

1081–1083, 1082
intervertebral discs, 435
intestinal alkaline phosphatase (IAP), 959
intestinal motility/transit, exercise effects,

1019–1020, 1020
intestinal stimulants, endurance horses,

1116

intima (synovium), joints, 152
intra-articular anesthesia, 254–258

carpal joints, 256
coxofemoral joint, 258
cubital (elbow) joint, 256–257
distal interphalangeal joint, 255–256
distal intertarsal joint, 257
femoropatellar joint, 258
femorotibial joint, 258
metacarpophalangeal joint, 256
metatarsophalangeal joint, 256
navicular bursa, 254–255
proximal interphalangeal joint, 256
proximal intertarsal joints, 257
scapulohumeral (shoulder) joint, 257
stifle joints, 257–258
tarsal joints, 257
tarsocrucial (tibiotarsal) joint, 257
tarsometatarsal joint, 257

intra-articular ligament disease see desmitis
intra-articular pressure (IAP), 154–155

circulation effects, 153
during exercise, 154
fluid balance, 154–155, 155

intra-articular therapy
degenerative joint disease, 1112
joint injuries/disease, 1056–1057,

1057
tarsal inflammation/arthritis, 1128

intracellular fluid compartment (ICF), 
853

intracytoplasmic sperm injection (ICSI),
1198

intramembranous ossification, 118
intramuscular acidosis, 776
intrauterine glass balls, prevention of

estrus, 1195
intravascular hemolysis

anemia, 952
lactate dehydrogenase, 957

intravenous anesthesia see anesthesia
intravenous fluid replacement therapy see

fluid replacement therapy
intrinsic spinal muscles, 437
intubation, endotracheal, 1172, 1172
in vitro fertilization (IVF), 1197–1198
‘involuntary dehydration,’ 909
iodine

back problem therapy, 467–468
dietary intake

hyperthyroidism, 842
hypothyroidism, 841–842
recommendations, 819

iohexol, myelography, 522
ion concentrations, sweat, 921, 922
ionized hypocalcemia, synchronous

diaphragmatic flutter, 912
ipratropium bromide

EIPH therapy, 641
physiological effects, 605
RAO therapy, 631

ipsilateral lameness, Standardbred race
horses, 1084

iron
daily intake recommendations, 819,

820
status, 973, 973

iron-deficiency anemia, 973, 974,
986–987, 987

isoflupredone
back disease/disorder therapy, 467
dosage regimen, 498

isoflurane, anesthesia maintenance, 1173,
1174

isoproterenol, recurrent airway obstruction
therapy, 629

isotonic dehydration, 909
isotonic fluids, definition, 898
isotopes

metabolism testing, 773
mucosal permeability/absorption tests,

1018–1019
nuclear scintigraphy see nuclear

scintigraphy 
isoxsuprine

arthritis therapy, 1121
in competitions, 1102
laminitis therapy, 910, 1125
palmar foot pain therapy, 283–284, 1126
stress-induced bone reaction

(subchondral sclerosis), 358
itraconazole

guttural pouch mycosis therapy, 590
mycotic rhinitis therapy, 561

ivermectin
aortoiliacofemoral thrombosis therapy,

763
Cyathostome infection, 1160
Parascaris equorum therapy, 1158–1159

J
jaundice, bilirubin levels, 959
‘jet-lag,’ 1242, 1248
joint(s), 152–160

anatomy, 152–156
angle changes

forelimb lameness detection, 237
hindlimb lameness detection, 241,

241–242
normal horse, 237, 237

circulation, 153–154
synovial villus, 154

compartmentation, 155
diseases/injuries

arthroscopic assessment, 201
blood flow, 153–154
neuropeptides, 157
pharmacotherapy, 486–514

see also individual drugs
prepurchase examination, 1212
show horses (hunters/jumpers),

1135–1136
Thoroughbred race horses,

1056–1057
see also individual conditions
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joint(s) cont’d.
effusion see effusions 
exercise/training effects, 157–158
hyaluronan, 152, 156
intra-articular pressure see intra-

articular pressure (IAP) 
nerve innervation, 156
pain, 156–157
physiology/structure, 152–157
synovial fluid dynamics, 154–155, 155,

155–156
see also individual joints

joint angle excursions, 233
joint capsule, circulation, 153
journey times, weight loss during

transport, 1243
jugular vein thrombosis, 39, 763–764
jumping

breeding selection, gait analysis, 222,
222

style, 1131–1132
juxtaglomerular apparatus (JGA), 804

K
kaliuresis, in exercise, 864
kanamycin, acute renal failure, 915
Kan’t-See-Bak bridles, 1077
keratins, hooves, 260
keratoma, feet, diseases/disorders, 285
ketamine

anesthesia induction/maintenance,
1172, 1172

intravenous anesthesia, 1171
ketoprofen, 486, 490, 492–493

adverse effects, 493
in analgesia, 491, 1187

endurance horses, 1115
authorized limits, 1260, 1260
back disease/disorder therapy, 467
chondroprotective effects, 491
dosage regimen, 489
exhausted horse syndrome, 838
laminitis therapy, 276, 492
mechanism of action, 487
metabolism/elimination, 488

kidneys/renal system
as endocrine glands, 804–805

see also individual hormones
exercise effects, 862, 862–865, 864

blood flow, 862–863
filtration fraction, 863
glomerular filtration rate, 863
kaliuresis, 864
renal tubular function, 863–865
sodium excretion, 863–864, 865
uric acid levels, 777–778
urine flow, 863, 865
urine osmolality, 865
urine pH, 865

functions, 863
exercise effects, 862, 862–865, 864,

1017

post-exercise effects, 865
reabsorption of chloride, 865

mechanism of action, 863
NSAIDs adverse effects, 494

Kimzey Leg Saver apparatus, 1181–1182,
1182
suspensory apparatus rupture, fetlock

joint, 298
kinematic gait analysis, 211, 231–232

advantages/disadvantages, 211, 211
bilateral lameness detection, 242–243
compensatory lameness detection, 243,

243–244
definition, 231
direct linear transform, 211
forelimb lameness detection, 233–237

joint angle changes, 237
stance-phase, 235
suspension-phase duration, 235
swing-phase duration, 235
swing-phase hoof movement, 236,

237, 237
temporal parameters, 234–236
vertical head movement, 233–234,

234, 235, 236
future work, 244
hindlimb lameness detection, 237–242

abduction/adduction changes, 242
foot-flight pattern, 242
head bob, 249–250
hindlimb protraction, 240, 241
interlimb co-ordination, 242
joint angle changes, 241, 241–242
tuber coxae movement, 239,

239–241, 240
vertical pelvic movement, 237–239,

238, 239
methodology, 232, 232
normal horse

joint angle changes, 237, 237
stance-phase, 234–235
swing phase hoof movement, 236,

237
tuber coxae movement, 240
vertical head movement, 233,

233–234
vertical pelvic movement, 237–238,

238
parameter definitions, 232–233
three-dimensional, 211
two dimensional, 212
see also kinetic gait analysis; individual

applications
kinetic gait analysis, 211, 212–215

acceleration analysis, 214, 214–215
accelerometers, 214, 215
advantages/disadvantages, 211
ground reaction forces, 213, 213–214
hoof(s), damage to, 215, 215
pneumatotachographs, 212
see also kinematic gait analysis

Klebsiella, pleuropneumonia, 693
kyphosis (roach-back), 444, 462

L

lactate (lactic acid), 961
age effects, 704
anaerobic exercise, 65–66, 66
exercise effects, 777, 778

in muscle, 771, 778, 782
exercise recovery, 781, 782, 1176
exercise testing, 25
lactic acidosis, exercise-associated

dehydration, 899
measurement of, 773
NSAIDs, effect of, 1274
as performance/fitness measure, 20, 26,

27–28, 28
post-exercise levels, 776
production, 6, 776, 776

muscle fiber types, 879
removal, 781, 782
stride length vs., 221
transport, 892
see also acid–base balance

lactate dehydrogenase (LDH), 944, 958
back diseases/disorders, diagnosis, 448
cardiac abnormalities, 957
enteropathy, 958
exercise testing, 17
exercise/training effects, 704, 945
exertional myopathy, 958
intravascular hemolysis, 957
isoenzyme analysis, 958
myocardium, diseases of, 759
normal values, 17, 957
serum values, 1300–1301

lactated Ringer’s solution, 1190
composition, 902

lactate threshold (VLa4)
definition, 19
as indicator of aerobic capacity, 774
as performance/fitness measure, 24,

25–26
training effects, 721

lactic acidosis, exercise-associated
dehydration, 899

lactose-13C ureide breath test (LUBT), 1018
lamellae, hoof anatomy, 261–262
lamellar bone, 114, 114

structure, 116
lamellar corium, hoof anatomy, 261
lameness

bilateral, 242–243
diagnosis, 247–259

acute vs. chronic, 247
diagnostic anesthesia see nerve

blocks (diagnostic) 
exercise testing, 10
grading, 248, 248
history, 247–248
imaging, 258
kinematics see kinematic gait

analysis 
lungeing, 248–249, 250
manipulative tests, 250
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in motion examination, 248–250
show horses (hunters/jumpers),

1134
thermography, 175, 176, 177
trotting, 249
ultrasonography, 171, 173
visual examination, 248
walking, 249

endurance horses, 1110–1112
etiology/pathophysiology

back diseases/disorders, 440,
441–442

carpal synovitis, 349–350
collateral ligament injuries/tarsal

luxations, 394
condylar fractures

(metacarpus/metatarsus), 327,
328, 329

cruciate ligament injuries, 374
distal phalanx fractures, 278–279
dorsal cortical stress fractures of MC-

3, 323
dorsal metacarpal disease, 319, 320
foot diseases, 1085
gastrocnemius tendinitis, 407
hoof diseases/disorders, 250
metatarsophalangeal joint, 1084
pastern luxation/subluxation, 312
proliferative periostitis, 335
small metacarpal/metatarsal bone

fractures, 339
stifle meniscal injuries, 372
stifle osteochondrosis dissecans, 375
superficial digital flexor tendinitis,

407, 412
suspensory ligament desmitis, 420
suspensory origin, stress remodeling,

343
tarsal fractures/osteitis, 397
tarsal joint flexion, 241–242
tarsal osteoarthritis, 403
tarsal osteochondrosis dissecans,

390
tendinitis, 144
see also individual causes

forelimb see forelimbs 
hindlimb see hindlimbs 
ipsilateral, 1084
prevention, locomotion biomechanics,

226, 228
Standardbred race horses, 1084
therapy, arthroscopic therapy, 199–200
Thoroughbred race horses, 1052

laminar abscess(es), 272–274, 273
laminin, synovial fibroblasts, 152, 153
laminitis, 274–278

classification, 275
definition, 274
diagnostic confirmation, 275

radiography, 1125, 1125
differential diagnosis, 275
endurance horses, 1107, 1110
epidemiology, 262

etiology/pathophysiology, 274, 278
Cushing’s disease, 1142, 1144
exercise-associated dehydration, 910
hyperaldosteronism, 844
pleuropneumonia, 692

examination, 275, 277
history/presenting complaint, 274–275
prevention, 278
prognosis, 277–278
therapy, 275–277

acepromazine, 910, 1125
anti-inflammatory drugs, 1125
aspirin, 910, 1125
capsaicin, 910
dimethyl sulfoxide, 910, 1125
flunixin meglumine, 492, 1125
isoxsuprine, 910, 1125
ketoprofen, 492
methylprednisolone acetate, 492
nitroglycerin, 910
NSAIDs, 492, 910
pentoxifylline, 910
phenylbutazone, 492, 910, 1125
warfarin, 910
Western performance horses, 1125

laryngeal hemiplegia (LH), 32–33,
579–584
dressage/three day event horses, 1097
endoscopy, 32, 32–33, 33

treadmill, 581, 581, 582, 582
etiology/pathophysiology, 584
grading, 581, 581
history/presenting complaint, 32, 

580
physical examination, 580–582
prognosis, 583–584
show horses, 1138
spectrograms, 582, 582
Standardbred race horses, 1084
therapy, 33, 582–583

laryngoplasty, 1064
tracheostomy, 1064–1065

Thoroughbred race horses, 1064–1065
Warmbloods, prepurchase examination,

1216
laryngeal nerve, 552
laryngoplasty, laryngeal hemiplegia

therapy, 583, 1064
larynx, 552, 552–553, 553

sensory receptors, 543
laser ablation therapy, 535–536

accessory ligament, deep digital flexor
tendon, 1136

progressive ethmoid hematoma, 563
tarsal osteoarthritis therapy, 405
tracheal obstructive disease, 595

laser resection, axial deviation of the
aryepiglottic folds, 34

lateral collateral ligament (stifle) see stifle
lateral condyle (humerus), in arthroscopy,

202–203
lateral deep digital flexor tendon (LDDFT),

in arthroscopy, 206, 206

lateral dorsal metatarsal nerve, anatomy,
255

lateral femoral condyle (LFC), 369
arthroscopy, 198, 198–199, 199

lateral femorotibial joint (LFT)
arthroscopy, 198, 199
intra-articular anesthesia, 258

lateralis nasi muscle, 546, 546
lateral meniscus, stifle, 369
lateral palmar metacarpal nerve, 255
lateral palmar nerve, 255
lateral patellar ligament, 369
lateral plantar digital nerve, 255
lateral plantar metatarsal nerve, 255
lateral plantar nerve, 255
lateral sacroiliac ligament stress tests,

456–457
lateral stance phase, 217
lateral tibial malleolus, fractures, 397
lateral trochlear ridge (LTR) see

femoropatellar joint
latissimus dorsi muscle, 437
laxatives, endurance horses, 1116
lead change, definition, 219
leg protection, polo ponies, 1120
legumes, roughage/dietary fiber, 822
leptin, 802–803
lesions

capsule, ultrasonography, 168
complex congenital, 757
EIPH, 643
interstitial pneumonia, 646
multiple, back diseases/disorders,

439–440
sclerotic subchondral bone, 1059

leukocyte(s), 941
abnormalities, 952–953

see also individual diseases/disorders
exercise/training effects, 942–943, 944,

1003
different types of exercise, 943

IAD, 617, 619
RAO, 626
see also white cell count (WCC);

individual cells
leukocytosis, 952

catecholamines, 1002
exercise/training effects, 1002–1003
hemoconcentration, 1002
pleuropneumonia, 689

leukograms, reference values, 1297–1298
leukopenia, 952, 952
levator nasolabialis muscle, 546, 546
levator veli palatini muscle, 547, 547,

555–556
lidocaine (lignocaine)

in analgesia, 1187
cecal emptying defect therapy, 1045

ligament(s)
back, 436, 451
of the dorsal spinous process, 427
functional adaptations, 479
injury
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ligament(s) cont’d.
back problems, 462–463
magnetic resonance imaging, 184

pelvis, examination, 452
role/definition, 130–131
stifle, 368
tarsus, 386
of the tuber sacrale, 427
see also tendons; individual ligaments

light therapy see laser ablation
lignocaine see lidocaine (lignocaine)
Lily Pads®, laminitis therapy, 276
limbs, distal, anatomy, 131
line-gaiting, Standardbred race horses,

1074, 1074
lining cells, bone, 113–114, 114
link protein, 156
lipids

adipose tissue storage, 775
in diet

acid–base balance, 890
nutritional therapy, 821, 824–825
supplemented, 784

as energy supply, 775
Lipizzana horses

hematology, 1296
leukograms, 1298

lipolysis
in recovery, 782
warm-up, during, 779

lipoxygenase, non-steroidal anti-
inflammatory drugs, 487

liquid–liquid extraction, drug testing,
1255–1256

Live Animal Regulations (LAR), welfare
legislation/standards, 1233

liver
acid–base balance regulation, 873
blood flow, 1016
disease, 989

cirrhosis, L-gamma-glutamyl
transaminase, 959

see also anemia 
enzymes, 944

exercise responses, 945
see also individual enzymes

functions, 1015
exercise effects, 1017

glucose storage, 775
lactate removal, 781, 782
see also entries beginning hepato-/hepatic

Llewellen procedure
dorsal displacement of the soft palate

therapy, 572
success rates, 573

load/deformation characteristics, tendons,
138

loading cycles, tendon degeneration, 
141

locomotion
analysis see gait analysis 
biomechanics, 210–230

dressage, 225–226

exercise responses, 217–221
galloping race, 223–224
harness racing, 224
hoof, 226, 227, 228
lameness prevention, 226, 227, 228
models, 210, 211
muscle fiber characteristics,

220–221
respiratory coupling, 220
show jumping, 224–225
stride characteristics, velocity-related

changes, 219–220
three-day eventing, 226
training response, 221–222

energetics, tendons, 139
gaits see gait 
metabolism, 780, 781
stimuli, breathing/ventilation control,

607
locomotory-associated stimuli,

breathing/ventilation control, 607
long bones, structure, 119
long-chain fatty acid oxidation, L-carnitine

dependence, 830–831
long digital extensor (LDE) tendinitis,

422–423
ultrasonography, 422, 422

long digital flexor muscle, stifle, 369
longissimus muscles, 437

strain, 462
long lateral collateral ligament (tarsus),

386
long medial collateral ligament (tarsus),

388
long plantar ligament, desmitis (curb), 421
long-term training-competition recovery,

846–847
longus capitus muscle

rupture, 1186–1187, 1187
ventralis, avulsion, 591, 591–592, 592

lordosis, 444, 462
lower airway disease see inflammatory

airway disease (IAD)
lower motor neuron disease, 465
lower respiratory tract

blood flow, 599–600
diseases/disorders, 35–36

bronchoalveolar lavage, 1063
non-infectious diseases, 613–656
radiography, 1063
tracheal aspirates, 1063
ultrasonography, 1063
see also individual diseases/disorders

exercise/training responses, 599–612
metabolic demand, 602, 602–603
ventilatory output, 603–604

innervation, 600
structure/function, 599–600

lumbar vertebrae, 434
stress fractures, 1058

lumbosacral flexion-extension motion
palpation, 456

lumbosacral region, 435, 436

ankylosis, 466
disk degenerative disease, 173, 174
subluxation, 174

lumican, in tendons, 137
lungeing, 248–249, 250, 446
lung function tests, 600–602

equipment, 601, 601, 602
RAO, 624–625, 625
ventilatory parameters, 600

lungs
circulation/microcirculation, 710–711

blood flow distribution, 711, 711
hormonal control, 710
oxygen loading determinants, 713
structure, 711
vascular resistance, 710

diseases/disorders see respiratory
diseases/disorders 

functional assessment see lung function
tests 

IAD, 615, 616–617
interstitial pneumonia, 646
RAO, 627
transit time, oxygen partial pressure

effects, 715
volumes, 600
see also entries beginning pulmonary

luteinizing hormone (LH), 795, 1194
luxation/subluxation

atlantoaxial, 525, 526
cast immobilization, 395, 395–396,

408
fetlock joint, 299
lumbosacral region, 174
pastern, 311, 312, 313, 314
pastern, diseases/disorders, 311, 312
patella, 379–380
sacroiliac joint, 457
superficial digital flexor, 408
tarsal, 394, 395, 395–396, 396
transport and, 1183

Lyme disease, 448, 465
lymphadenitis, Streptococcus equi infection,

674, 674–675, 675
lymph node abscess, Streptococcus equi

infection, 674
lymphocyte(s)

counts, geriatric horses, 1140
normal values, 17
reference values, 1297–1298

lymphocytosis, 952
lymphokine-activated killer (LAK) cells

cortisol, effect of, 1005
exercise/training effects, 1003, 1003

lymphomas, 952
lymphopenia, 952–953

Cushing’s disease, 1142
equine piroplasmosis, 979

lymphoproliferation
exercise/training effects, 1001, 1001,

1002
antigen-specific, 1003

geriatric horses, 1140
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lymphosarcoma
�-2 globulin, 955
immune-mediated hemolytic anemia

etiology, 983

M
macrocyclic lactones

Cyathostome infection, 1160
Strongylus therapy, 1158
tapeworms, resistance to, 1161

macrocytic anemia, 952, 970
macrominerals, 818, 819–820, 820

recommendations, 819
macrophages

alveolar
exercise/training effects, 1003
IAD, 617
RAO, 626

exercise/training effects, 1000, 1001,
1001

infiltration, tendon injury/trauma, 143
normal values, 17

magnesium
daily intake, recommendations, 819,

819–820
functions, 856
losses in sweat, 861
serum values, 961

magnesium hydroxide, equine gastric ulcer
syndrome, 1039

magnesium sulfate paste, hoof wall defect
therapy, 268

magnetic resonance imaging (MRI),
181–185
applications, 182, 183–184

back diseases/disorders, 461
cartilage degeneration, 182, 184
caudal heel pain, 1135
cervical stenotic myelopathy, 185
collateral ligament injuries/tarsal

luxations, 394
cruciate ligament injuries, 374
deep digital flexor tendon, 184
edema diagnosis, 184
enthesopathy diagnosis, 184,

184–185
lameness diagnosis, 258
ligament injury, 184
osteochondral fragmentation, 354
podotrochlear syndrome (navicular

disease) diagnosis, 181, 185
stifle, diseases/disorders, 369
subchondral bone sclerosis, 1059
tendinitis, 184, 184

disadvantages, 184
methods, 181–182
Western performance horses, 1125

malignant hyperthermia, recurrent
exertional rhabdomyolysis, 89–90

malleolus, lateral fractures, 397, 398
therapy, 400–401

mamillary processes, 434

manganese, recommendations, 819
manica flexoria, palmar/plantar digital

sheath, 205, 205
manipulation, 534–535

back problems, 1113, 1137
chiropracty, 468–469, 1113
exertional rhabdomyolysis, 1109
flexibility evaluation, 534–535
joint injuries/disease, 1056
lameness, diagnosis, 250
trigger points, 535
see also flexion tests; massage

mannitol
acute renal failure, 915
vertebral fracture therapy, 527

manometers, intestinal transit/motility,
1018

Manual of Standards for Diagnostic Tests
and Vaccines, Office Internationale des
Epizooites, 1230, 1235

Maple leaf toxicity, 984–985
mares

estrus see estrus 
reproductive therapy, 1197–1198

margo plicatus, 1037
martingales, Standardbred race horses,

1075–1076, 1076
massage, 535

back problems, 1096–1097, 1137
exertional rhabdomyolysis, 1109
see also manipulation

mass spectrometry, drug testing, 1254,
1258–1259

mast cells
IAD, 617, 618, 618
normal values, 17
RAO, 626

matrix metalloproteinases (MMPs)
drug effects, 497
joint disease, effect on, 496–497
laminitis, 278

maximal accumulated oxygen deficit
(MAOD), training effects, 783

maximum oxygen uptake (VO2max) see
aerobic capacity (VO2max)

MC-3, dorsal cortical stress fractures of see
dorsal cortical stress fractures of MC-3

McMasters technique, tapeworm infection
diagnosis, 1161

mean arterial pressure (MAP)
in exercise, 715–717
training effects, 721

mean cell hemoglobin (MCH), geriatric
horses, 1140

mean corpuscular hemoglobin
concentration (MCHC), exercise effects,
942

mean corpuscular volume (MCV)
anemia, 968
exercise effects, 942
geriatric horses, 1140

mechanoreceptors, breathing/ventilation
control, 606–607

meclofenamic acid, 486
authorized limits, 1260
clinical applications, 492
dosage regimen, 489
Streptococcus equi infection therapy, 679

medial collateral ligament, 369
femorotibial joints, 167
fetlock, 168
stifle, 368, 369, 370

medial condyles, humerus, 203
medial cutaneous antebrachial nerve, 255
medial dorsal metatarsal nerve, 255
medial epicondyl, stifle, 369
medial femoral condyle (MFC), 369

arthroscopy, 198, 199
cysts, therapy, 1129
radiography, 371

medial femorotibial joint (MFT)
arthroscopy, 198
effusions, 1128–1129
intra-articular anesthesia, 258
stifle lameness, 1128–1129

medial intercondylar eminence of the tibia
(MICET), 198, 198

medial long collateral ligament (tarsus),
386

medial meniscus (MM)
arthroscopy, 373, 373
caudal ligament, 199
cranial pole, 198, 198
ligament tears, 199–200, 200
stifle, 368, 369
tears/damage, 169
ultrasonography, 169

medial palmar digital nerve, 255
medial palmar intercarpal ligament,

189–190
medial palmar metacarpal nerve, 255
medial palmar nerve, 255
medial patellar ligament, 369, 370
medial plantar digital nerve, 255
medial plantar metatarsal nerve, 255
medial plantar nerve, 255
medial short collateral ligament (tarsus),

386
medial trochlear ridge (MTR)

anatomy, 195, 195, 196
osteochondrosis dissecans, 195

median nerve, 255
medications

anesthesia considerations, 1168
during competition, 1101–1102
drug testing see drug testing 
endurance horses, 1114–1116
Fédération Equestre Internationale (FEI)

rules, 1255, 1262
lameness, diagnosis of, 248
preanesthetic, 1169, 1169–1170
see also specific drugs/drug types

medroxyprogesterone acetate (MPA), 1195
melanocyte-stimulating hormone (MSH),

Cushing’s disease, 1144
melantoin, head shaking therapy, 529
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melengestrol acetate (MGA), 1194
menace response, 516
meniscal knife, 189
meniscofemoral ligament (stifle), 369
mepivacaine

diagnostic anesthesia (nerve blocks),
252

osteochondrosis dissecans of stifle, 378
threshold levels, 1263

mesotherapy, back disease/disorder therapy,
468

metabolic acidosis
bicarbonate concentration, 885–886
etiology/pathophysiology, 838
exercise-associated dehydration, 899
exercise-induced, 872
geriatric horses, 1139
heat exhaustion, 931–932

metabolic alkalosis
dehydration, 886–887
endurance exercise, 886–887
etiology/pathophysiology, 838
exercise-associated dehydration, 899
heat exhaustion, 931–932
hypochloremic, synchronous

diaphragmatic flutter, 912, 912
sweating, 861

metabolic demand, exercise, 602
metabolic diseases/disorders, 836–850

dressage horses, 1099–1101
endurance horses, 1107–1110
three-day event horses, 1099–1101
training and, 845–848
see also individual diseases/disorders

metabolism
arginine vasopressin, 772
atrial natriuretic peptide, 772
cortisol, 808
dietary effects, 783–785

fat supplemented diets, 784
high carbohydrate diets, 783, 784
protein, 785
sugar beet pulp/dietary fiber,

784–785
energy supply, 775, 775

partitioning, 779, 779
energy transduction pathways,

775–776, 776
energy sources, 776
enzymes, 776

epinephrine, 808
exercise response, 771–792, 772

aerobic capacity, 779–780, 780,
781, 781

ambient temperature effects, 779
breed differences, 781, 781
endocrine control, 808
lactate removal, 781, 782
lipolysis, 782
locomotion economy, 780, 781
measurement, 772–775

see also exercise testing 
metabolic acidosis, 872

muscle changes, 774, 778
plasma metabolites, 777–778
in recovery, 781–782, 782
regulation, 772
warm-up effects, 779–780

glucagon, 808
norepinephrine, 808
pathways, muscle, 58
pre-exercise feeding effects, 785,

785–786
training response, 782–783

metacarpal diseases/disorders, 319–345,
319–348
condylar fractures see condylar fractures

(metacarpus/metatarsus) 
dorsal metacarpal complex (bucked

shins), 319–323
diagnostic confirmation, 320
epidemiology, 322–323
etiology/pathophysiology, 123, 124,

322
examination, 319–320
history/presenting complaint, 319
imaging, 320
lameness, 319, 320
prevention, 323
prognosis, 321
risk factors, 482
therapy, 320–321, 1058
Thoroughbred race horses, 1054,

1058
fractures

fatigue see dorsal cortical stress
fractures of MC-3 

recommended therapy/prognosis,
1191

small bone, 339
stress remodeling, 342–345

lameness, 343
therapy, 344

see also individual diseases/disorders
metacarpophalangeal joint

anatomy, 131
collateral ligament desmitis, 424–425
forelimb lameness, 1085–1086
intra-articular anesthesia, 256
synovitis, 1086

metacarpus
anatomy, 131
diseases/disorders see metacarpal

diseases/disorders 
exercise adaptations, 479
flexion tests, 251
fusion, 338
maturation changes, 158
radiography

changes affecting performance,
1208

prepurchase examination, 1206
see also metatarsus

metaphyses, definition, 119
metatarsal diseases/disorders, 319–345,

319–348

condylar fractures see condylar fractures
(metacarpus/metatarsus) 

hindlimb lameness, Standardbred race
horses, 1088

proliferative periostitis (splints),
334–338
diagnostic confirmation, 335–336
epidemiology, 338
etiology/pathophysiology, 338
examination, 334–335
history/presenting complaint, 334
lameness, 335
prevention, 338
prognosis, 337
therapy, 336–337

small bone fractures (splint bone
fractures), 339–342
therapy, 340–341, 341

suspensory origin, stress remodeling,
342–345
lameness, 343
therapy, 344

see also individual diseases/disorders
metatarsophalangeal joint (MTPJ)

collateral ligament desmitis, 424–425
fractures, 1088
hindlimb lameness, 1088
intra-articular anesthesia, 256
lameness, 1084
nuclear scintigraphy, 1088
osteochondrosis dissecans, 196

metatarsus
anatomy, 131
diseases/disorders see metatarsal

diseases/disorders 
maturation changes, 158
radiography

changes affecting performance,
1208

prepurchase examination, 1206
see also metacarpus

metered dose inhalers (MDIs)
IAD therapy, 36
RAO therapy, 630

methemoglobinemia, Heinz body hemolytic
anemia, 984

methocarbamol
back disease/disorder therapy, 442, 467
endurance horses, 1116
rhabdomyolysis, 1187

methylamphetamine, 1279
methylphenidate, 1279
methylprednisolone

back disease/disorder therapy, 467
dosage regimen, 498
endurance horses, 1115
heat exhaustion, 932
intra-articular, 496–497
onset of action, 494
tarsal osteoarthritis therapy, 404

methylprednisolone acetate (MPA)
adverse effects, 493
biologic potency, 495
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in laminitis, 492
matrix metalloproteinases, effect on,

497
onset of action, 495
pharmacokinetics, 495–496

methylsulfonylmethane (MSM)
degenerative joint disease therapy, 

1112
post-dental therapy, 1035

methylxanthines, 1281–1282
drug testing, 1266
RAO therapy, 629, 630

metoprolol, performance effects, 1280
metronidazole

canker therapy, 286
pleuropneumonia therapy, 689, 690
right dorsal colitis therapy, 1044

microcracks
bone functional adaptation, 124
etiology, 158

microcytosis, anemia, 970
microdamage, bone functional adaptation,

124
midbody transverse sesamoid fractures

(fetlock), 292
midcarpal joint, 1086

articular cartilage, ultrasonography,
170

radiography, 1086
middle gluteal muscle, 437
middle patellar ligament, 369, 370
middle short lateral collateral ligament

(tarsus), 387
middle short medial collateral ligament

(tarsus), 389
‘milk shaking,’ 1259
mimican, in tendons, 137
Ministry of Agriculture and Fisheries

(United Arab Emirates), 1236
Ministry of Agriculture and Forestry (New

Zealand), 1236
minnie bits, 1078
minute ventilation (VE)

during exercise, 515, 603
field exercise testing, 29
obstructive upper airway disease, 560

mites, tapeworm infection, 1161
mitochondria

disorders see mitochondrial myopathy 
efficiency, 4
muscle, 49, 51, 52

mitochondrial myopathy, 100–102
biochemistry, 100–101
diagnosis, 100, 100
diagnostic confirmation, 102
muscle biopsy, 100–101
etiology, 101
examination, 100
history/presenting complaint, 100
laboratory examination, 100–101
pathophysiology, 102
therapy, 102

mitral insufficiency, 38–39

mitral prolapse, 748
mitral regurgitation, 747–752

diagnostic confirmation
color Doppler echocardiography,

748, 748, 751
M-mode echocardiography, 749
two-dimensional echocardiography,

749
epidemiology, 752
etiology/pathophysiology, 752

atrial fibrillation, 732
endocarditis, 752

examination, 748–749
history, 747
prevalence, 745
prognosis, 750–752
therapy, 749–750

M line, muscle, 48, 49
M-mode echocardiography

aortic valve regurgitation, 756
exercise testing, 11, 11
mitral regurgitation, 749
tricuspid regurgitation, 746
ventricular septal defect, 753–754

Modified Triadon three-digit system, 
1028

molds, forage contamination, 823
molecular dynamics, muscle contraction,

52–54, 54, 55
molecular markers, tendon/ligament

injuries, 145–146
Monday morning disease see exertional

rhabdomyolysis (ER)
monensin, myocardial diseases, 759
monitoring

anesthesia, 1173–1174
weight loss during transport, 1239

monocarboxylate transporters (MCT),
776–777
lactate transport, 892

monocytes
exercise/training effects, 1002
infiltration, tendon injury/trauma,

143
reference values, 1297–1298

monocytosis, 953
Morbillivirus, interstitial pneumonia, 647
morphine

�1-adrenoceptor agonist combinations,
1170

drug testing, 1265
emergency sedation, 1177
osteochondrosis dissecans of stifle, 378
as preanesthetic, 1169
tarsal osteoarthritis therapy, 405–406

mosquitoes, 1163–1164
motilin, 801, 802

exercise effects, 1017
motility, gastrointestinal tract, 1014
motion palpation, back disease/disorder

diagnosis, 455–456
motor end plate, muscle, 49
motor neurons

equine motor neurone disease (EMND),
448
lower motor neurons, 465

�-motor neurons, 50, 52
motor units, muscle, 50, 52
mouth breathing, dorsal displacement of

the soft palate, 569
moxidectin

Cyathostome infection, 1160
Parascaris equorum therapy, 1158–1159

mucociliary clearance
RAO therapy, 630
during transport, 1241–1242

mucolytics
IAD therapy, 1064
RAO therapy, 630

mucosal barrier
gastrointestinal tract, 1014
integrity, exercise effects, 1021
permeability/absorption,

gastrointestinal tract tests,
1018–1019

multifidi muscle group, 437
multilocus enzyme electrophoresis (MEE),

Streptococcus equi characterization,
680–681

multiple lesions, back diseases/disorders,
439–440

Musa autumnalis (face flies), 1164–1165
Musa domestica (house flies), 1164–1165
muscle(s)

acid–base balance see acid–base
balance, muscle 

asymmetry, prepurchase examination,
1212

atrophy
back diseases/disorders, 452
Cushing’s disease, 1142
EPM, 524, 524
geriatric horse, 1141
stifle, 368

back, 435, 436, 452
biopsy see muscle biopsy 
capillary beds, 709

surface area, 718–719
cells, electrolytes, 856
contraction see muscle contraction 
diseases/disorders see muscle

diseases/disorders 
energy availability, 54–56

aerobic pathways, 55, 57
anaerobic pathways, 55
pathway integration, 55–56
substrate transfer, 59
triglycerides, 775
see also glycogen (below)

enzymes, 944
exercise responses, 945
see also individual enzymes

examination, 452–453
exercise and see muscle(s), exercise

effects 
fasciculation, 453
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muscle(s) cont’d.
fibers see muscle fibers 
GLUT-4 receptors, 55–59, 60, 61
glycogen, 6, 775

in exercise, 778
nutritional therapy, 828–829
training responses, 70

glycogenolysis, dietary effects, 785
heterogeneity, 56–64

see also muscle fibers 
laboratory assessment, 45–48

methods, 46, 48
metabolic pathways, 58

biopsies, 773
histochemical analysis, 773

metabolic rate regulation, 771
morphology, 48–50

anatomy, 46, 48
development, 48
histology, 48

phosphocreatine, 775
physiology, 50–54

excitation–contraction coupling,
52–53

force transmission, 53
innervation, 50–51
motor unit, 50, 52
oxygen availability, 53–54
proprioception, 50
see also muscle contraction; muscle

fibers 
structure/function, 48–56
temperature effects, 924
tonicity, 452
training response see muscle(s), training

responses 
see also entries beginning myo-

muscle belly, superficial digital flexor
tendon, 133

muscle biopsy
back diseases/disorders diagnosis, 448
exertional rhabdomyolysis syndromes,

84, 84–86, 85, 86
HYPP, 93
metabolism changes, 773
mitochondrial myopathy, 100, 101
myotonia, 95–97
myotonic dystrophy, 99, 99
percutaneous needle techniques, 45, 47
periodic acid-Schiff staining, 85, 85
red cell hypervolemia, 992

muscle contraction
acetylcholine, 52
adenosine monophosphate, 54
calcium, 53, 55
creatine, 54
dihydropyridine receptors, 53
dystrophin-associated protein complex,

53–54, 55, 56
flavin adenine dinucleotide, 54
glycolysis, 54
inosine monophosphate, 55
molecular dynamics, 52–54, 54, 55

nicotinamide adenine dinucleotide, 54
recurrent exertional rhabdomyolysis, 90
T-tubule, 53–54, 54
see also muscle fibers

muscle diseases/disorders, 77–110
back strain, 462
dressage horses, 1095–1097
fatigue, 65

acid-base balance, in exercise, 874
acidosis, 874, 874
orthopedic injury, 482
potassium levels, 874

HYPP, 95–97
injuries/trauma, 78–80

contraction bands, 77
enervation re-routing, 80
inflammation, 77
markers see aspartate

aminotransferase (AST); creatine
kinase (CK) 

response to, 77, 78, 79
satellite cells, 77, 79
therapy, 80
Thoroughbred race horses,

1062–1063
pain, 453, 1111
spasms (cramps)

back disease/disorder diagnosis,
452–453

heat therapy, 533
three-day event horses see three-day

event horses 
muscle(s), exercise effects, 45–66

acid–base balance see acid–base
balance, in exercise 

adenosine triphosphate, 778
aerobic, 65
anaerobic, 59, 65–66

glycogen depletion, 66
lactate accumulation, 65–66, 66
pH decline, 65–66, 66
see also anaerobic respiration 

blood chemistry, 778
blood flow, 717, 717–720, 719, 861

partial pressure of oxygen, 720
capillary beds, 708–709
glycogen, 778

depletion, 66
glycogenolysis/glycolysis, 874
metabolism changes see metabolism,

exercise response 
oxygen consumption, 602, 602–603
see also muscle(s), training responses

muscle fibers, 57–64
composition/structure, 48, 49, 60

stride parameters vs., 220–221
training effect, 782–783

control/regulation, 63, 63–64
genetic factors, 63, 64
myogenic factors, 63
neural input, 63–64, 64
non-myogenic factors, 63–64, 64

differentiation, 57–59, 61

distribution, 60–63
locomotion biomechanics, 220–221
myosin heavy chains, 57, 59, 59
performance vs., 63
properties, 59–60, 61, 61
recruitment, 60, 62
training response see muscle(s), training

responses 
training responses

fiber size, 67, 67–68, 68
type, 69
type changes, 68, 68–69

types, 61, 879, 879
endurance exercise, 63
endurance training, 68
stride frequency vs., 63
stride length vs., 63

ultrastructure, 46, 48–50, 49, 50, 51,
52
A band, 48, 49, 51
basal lamina, 52
H band, 48, 49
I band, 48, 49, 51
mitochondria, 49, 51, 52
M line, 48, 49
motor end plate, 49
sarcolemma, 49, 52, 52–53
sarcoplasmic reticulum, 49, 51, 52
satellite cells, 49, 52
T tubule, 49, 51, 52

muscle relaxants
back disease/disorder therapy, 467,

1137
intravenous anesthesia, 1171
rhabdomyolysis, 1187

muscle spindles, 50, 52, 53
muscle(s), training responses, 66–72, 67

buffering capacity, 70
capillary density, 69–70
detraining, 70
exercise effects, 71–72
gait effects, 71
GLUT-4 receptors, 70
hypertrophy, 67
mechanisms, 70–71, 71

gene expression, 70, 70
nerve enervation, 71

metabolism, 69–70
enzymes, 69, 69–70
glycogen storage, 70
oxidative capacity, 69, 69

see also muscle(s), exercise effects
musculoskeletal system

anesthesia, examination before, 1169
diseases/disorders

dressage/three day event horses,
1095

radiography, 1054
Standardbred race horses see

Standardbred horses 
Thoroughbred race horses see

Thoroughbred horses 
ultrasonography, 1054
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Western performance horses see
Western performance horses 

see also individual diseases/disorders
exercise see musculoskeletal system 
exercise effects

age-related skeletal changes, 127,
157–158

bone adaptations, 479, 819
intra-articular pressure, 154
ligament adaptations, 479
muscle see muscle(s), exercise effects 
osteoarthritis, 157
sympathetic nervous system effects,

1016–1017
tendon adaptations, 479, 479

functional adaptations, 476, 478–481
bone responses, 478–479
ligaments, 479
tendons, 479
training, 478

geriatric horses, 1141
transport, effects of, 1245
see also muscle(s); skeleton

musculus interosseous medius tendon see
suspensory ligament (SL)

mycoses
guttural pouches, 589–591
pneumonia, 620
see also individual fungal infections

mycotic rhinitis, 561–562
mycotoxins, acute renal failure, 915
myectomy, dorsal displacement of the soft

palate therapy, 34
myelodysplasia, 989–990

bone marrow biopsies, 971
myelography

cervical stenotic myelopathy, 521,
521–522, 522

contrast agents, 522
iohexol, 522
neurological diseases/disorders, 517

myeloid:erythroid ration (M:E ratio), bone
marrow biopsy, 972

myelophthisis, 989
myocardial diseases, 757–760

electrocardiography, 758
epidemiology, 760
etiology/pathophysiology, 759
examination, 758
fibrosis, 759
history, 758
monensin, 759
prognosis, 759
salinomycin, 759
Strongylus infection, 759
therapy, 759
troponin I, 758

myocardial necrosis, cardiac troponin
levels, 958–959

myocarditis, 38
viral infections, 661, 759

myofascial injuries, laser ablation therapy,
535

myoglobinuria
acute renal failure, 915
acute tubular necrosis, 915
exertional rhabdomyolysis, 81, 913

myopathies
aspartate aminotransferase, 956, 957
creatine kinase, 956, 957
exercise testing, 39–40
exertional, lactate dehydrogenase, 958

myosin heavy chains, 50
geriatric horse, 1141
muscle fibers, 57, 59, 59

myositis see muscle diseases/disorders
myotomes, 48
myotomy, sternothyroideus, 34
myotonia, 98

diagnosis, 98
epidemiology, 98
etiology/pathophysiology, 98
examination, 98
history/presenting complaint, 98
HYPP, 92, 98
therapy, 98

myotonic dystrophy, 98–100
muscle biopsy, 99, 99
percussion dimpling, 99, 99

N
‘nail presses,’ Thoroughbred race horses,

1061
naloxone hydrochloride, in acute blood loss,

976, 976
nandrolone, allowable limits in

competition, 1101
nantamycin, mycotic rhinitis therapy, 561
naproxen, 486, 492

adverse effects, 493
authorized limits, 1260
back disease/disorder therapy, 467
dosage regimen, 489
metabolism/elimination, 488

nares (nostrils), 546
dilation, 546, 546

nasal concha, 545, 545
nasal dilator strips, 36, 641, 641, 1064
nasal discharge, sinusitis, 564
nasal diverticulum, 545
nasal fluid replacement therapy, exercise-

associated dehydration, 901
nasal valve, 546
nasopharynx, 514, 543, 546, 547

anatomy/function, 546–552
collapse, 543, 544, 552, 566–567

endoscopy, 566
therapy, 567

during inhalation, 548
muscles controlling, 549
sensory receptors, 543
stiffening/dilation, 551

National Animal Health Monitoring System
(NAHMS) Equine ‘98 study, 659
rabies, 1151

National Research Council (NRC),
nutritional therapy, 815

natural killer (NK) cells, exercise/training
effects, 1000, 1001, 1001, 1002, 1003

navicular bone
fractures, 280, 280–281
radiography, 163

changes affecting performance,
1207

prepurchase examination, 1206
navicular bursa

arthroscopy, 203, 203–204, 204
intra-articular anesthesia, 254–255

navicular disease see podotrochlear
syndrome (navicular disease)

navicular suspensory desmotomy, palmar
foot pain, 284

navicular syndrome
bilateral lameness, 242
polo ponies, 1121
radiography, 1126, 1126, 1207
Western performance horses,

1125–1126
neomycin, acute renal failure, 915
neonatal equine gastric ulcer syndrome,

1037
Neorickettsia risticii see Potomac horse fever
nerve blocks (diagnostic)

lameness, 250, 252–258
aseptic techniques, 252–253
forelimb, 253
hindlimbs, 254
mepivacaine, 252
sequence used, 253–254

osteochondrosis dissecans of stifle, 375
tarsal diseases/disorders, 397, 1128
see also individual joints/nerves

nervous system
central see central nervous system (CNS) 
diseases/disorders see neurological

disease 
examination, preanesthesia, 1169
muscle and, 50–51

training responses, 71
peripheral

arthritic pain, 156
hindlimb, 255

sympathetic see sympathetic nervous
system 

neurectomy
distal phalanx fractures, 279
palmar foot pain, 284

neurogenic atrophy, 53
neurological disease, 515–531

cerebrospinal fluid analysis, 517–518
dressage/three day event horses,

1098–1099
equine herpesvirus, 660
examination, 515–517

back disease/disorder diagnosis, 447
cranial nerves, 516–517
facial symmetry, 516–517, 517
gait, 515–516
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neurological disease cont’d.
myelography, 517
see also individual diseases/disorders

neuromuscular pedicle grafting, left
laryngeal hemiplegia, 1064

neuropathy, anesthesia considerations,
1175

neuropeptides, joint disease, 157
neuropeptide X, 1017
neuropeptide Y, 801, 802
neurotensin, 802
neutral axis, definition, 115–116
neutropenia, 952

equine piroplasmosis, 979
neutrophilia, 952

Cushing’s disease, 1142
IAD, 616, 619
lower respiratory tract disease, 620
RAO, 626

neutrophils
cerebrospinal fluid, 518
exercise/training effects, 1000, 1001,

1001, 1002, 1003
IAD, 617, 618
infiltration, tendon injury/trauma, 143
normal values, 17
RAO, 626, 632
reference values, 1297–1298

New Zealand, Ministry of Agriculture and
Forestry, 1236

niacin, 818–819
nicotinamide adenine dinucleotide (NAD),

muscle contraction, 54
nitric oxide

heat exhaustion, 932
pulmonary artery pressure reduction,

713, 715
systemic/vascular conductance effects,

716, 718
nitroglycerin

EIPH therapy, 640
laminitis therapy, 910

non-adrenergic non-cholinergic (NANC)
pathways, respiratory system, 600

non-displaced fractures, stifle, 384
non-esterified fatty acids (NEFAs)

analysis, 774
as energy source, 775
levels during exercise, 777

non-lead limb, definition, 219
non-myelinated C-fibers, 606
non-septic inflammation, 952
non-starch carbohydrates, nutritional

therapy, 825–826
non-steroidal anti-inflammatory drugs

(NSAIDs), 486, 487–494, 1273–1275
acid–base balance, 1274
adverse effects, 493–494

renal toxicity, 494, 915
right dorsal colitis, 1043

as analgesic, 490–491
antiendotoxic effects, 491–492
anti-inflammatory effects, 491

antipyretic effects, 491
antithrombotic effects, 492
applications, 490–492, 492–493

arthritis therapy, 157
arytenoid chondritis therapy, 586
back disease/disorder therapy, 442,

467, 1113, 1137
carpus diseases/disorders, 1086
cervical stenotic myelopathy therapy,

522–523
dorsal displacement of the soft palate

therapy, 571
dorsal metacarpal complex therapy,

321
exertional rhabdomyolysis therapy,

80, 82–83, 1062–1063, 1096
exhausted horse syndrome,

837–838
fibrotic myopathy therapy, 103
gastrocnemius desmitis, 408
head injuries, 1187
heat exhaustion, 932
hoof injuries, 272
interstitial pneumonia, 647
joint injuries, 1056
jugular vein thrombosis therapy, 764
laminitis therapy, 276, 492, 910
meniscal injuries, 373
muscle pain therapy, 1111
osteoarthritis/degenerative joint

disease, 303, 362, 404,
405–406, 1136

osteochondrosis dissecans of tarsus,
392

patella injuries, 379, 384
pleuropneumonia therapy, 692
polo ponies injuries, 1120
post-dental therapy, 1035
proliferative periostitis

(metacarpus/metatarsus) therapy,
336

proximal sesamoiditis, fetlock joint,
297

retropharyngeal abscesses therapy,
569

stifle collateral ligament injuries, 372
Streptococcus equi infection therapy,

679, 679
superficial digital flexor tendinitis,

408
suspensory ligament injuries, 1060
synovitis therapy, 350
tack-related injuries, 1112
tarsus collateral ligament injuries,

396
temporohyoid osteoarthropathy

therapy, 593
tracheal obstructive disease, 595

authorized limits, 1260, 1260
avoidance of

in gastric ulceration, 1065
right dorsal colitis therapy,

1043–1044

blood lactate, 1274
cardiovascular system, effects on, 1274
chondroprotective effects, 491
classification, 487
combination therapy, 493
dosage regimen, 489, 490
drug interactions, 489–490

furosemide, 1270
electrolyte balance, 1274
gait, effects on, 1274
hemostatic effects, 492
mechanism of action, 487, 1273
oxygen consumption, 1274
performance effects, 1275
pharmacokinetics, 488–489
potency/selectivity, 487–488
tissue kinetics, 489
see also individual drugs

noradrenaline see norepinephrine
norepinephrine

exercise/training response, 777,
1004–1005

metabolism effects, 772, 808
production, 798, 843
splenic contraction, 1020
stress-associated diarrhea, 1046
transport, effects of, 1247
warm-up, during, 779

norgestomet (Synchromate-B), 1194, 
1195

Normosol, composition, 902
Northern blotting, muscle assessment, 46
nose

anatomy/function, 545, 545–546
nasal concha, 545, 545
nasal diverticulum, 545
nasal valve, 546

discharge, mycotic rhinitis, 561
occlusion, 544
see also entries beginning nasal

nostril flaring, recurrent airway
obstruction, 623

nuchal ligament, 436
examination, 451

nuclear scintigraphy, 178–180, 179–180,
1054
advantages, 180
back disease/disorder diagnosis,

453–454, 457, 460, 1096, 1096,
1138
dorsal spinal processes, 453–454
interspinous space examination, 457
thoracic vertebrae, kissing spines,

165
vertebral fractures, 527

bone stress, 179
capsulitis, 351
collateral ligament injuries/tarsal

luxations, 394, 395
dorsal metacarpal disease, 320, 320
fractures

dorsal cortical stress fractures of
MC-3, 324, 324
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metacarpus/metatarsus condylar
fractures, 329

osteochondral (chip) fractures
(fetlock), 291

small metacarpal/metatarsal bone
fractures, 339

talus, stress fractures, 399
interpretation, 178
lameness diagnosis, 258

hindlimb, 1087
limitations, 180
metatarsophalangeal joint, 1088
methods, 178
osteoarthritis diagnosis, 179
palmar foot pain, 282
podotrochlear syndrome (navicular

disease) diagnosis, 178
prepurchase examination, 1210
proliferative periostitis

(metacarpus/metatarsus), 335, 335
recurrent exertional rhabdomyolysis, 40
sacroiliac joint trauma, 460
skeletal adaptation monitoring, 126
stifle, diseases/disorders, 369
stress-induced bone reaction

(subchondral sclerosis), 358, 358
suspensory ligament injuries, 180,

1060
suspensory origin, stress remodeling,

343, 344
tarsus

fractures/osteitis, 397–398,
397–399, 398

osteoarthritis, 404
stress remodeling, 400

Western performance horses, 1125
nucleated cell count (NCC), tarsal

fractures/osteitis, 399
nucleotide depletion, anaerobic exercise, 66
nucleus pulposus, 435
nutraceuticals, drug testing, 1266
nutrition, 815–835

acid–base balance, 889–890
carbohydrates, 821, 828–829
deficiencies, 974, 987–988

see also individual deficiencies
endurance horses, 1114
energy, 815–818

requirement estimation, 816,
816–817

sources in feeds, 826
feeds, 821–827

cereal grains, 823–824
composition, 823
considerations, 821
energy sources, 826
fats/oils, 821, 824–825
non-starch carbohydrates, 825–826
roughage/dietary fiber, 822–823
see also individual feeds

macrominerals, 818, 819–820
recommendations, 819
see also individual minerals

protein, 818
acid–base balance, 890
as energy source, 822

roughage/dietary fiber see dietary fiber 
strategies, 827–830
supplements see dietary supplements 
trace elements, 818, 820

recommendations, 819
see also individual minerals

vitamins, 820–821, 825
classification, 818–819
see also individual vitamins

water, 821
see also diet; feeds/feeding

nystagmus, evaluation, 516, 517
nystatin, mycotic rhinitis therapy, 561

O
Obel grade classification, laminitis, 275
obesity, peripheral Cushing’s disease, 1144
oblique sesamoidean ligament (OSL)

desmitis, 424–425
tendinitis, 423

Ochlerotatus (mosquitoes), 1163–1164
O’Connor punch, 189
ocular diseases/disorders see eye

diseases/disorders
ocular reflexes, anesthesia monitoring,

1173
oculomotor nerve (cranial nerve 3),

evaluation, 516
Office Internationale des Epizooites (OIE),

1229
contact details, 1236
International Animal Health Code,

1230
international health standards,

1229–1230
Manual of Standards for Diagnostic

Tests and Vaccines, 1230, 1235
regionalization recognition, 1231
reportable diseases

equine infectious anemia, 978
equine piroplasmosis, 979

old age see geriatric horses
olecranon fracture, recommended

therapy/prognosis, 1191
olfactory nerve (cranial nerve 1),

evaluation, 516
oliguria, acute renal failure, 913
omeprazole

allowable limits in competition, 1101
equine gastric ulcer syndrome therapy,

1039–1040, 1098
omohyoideus muscle, 549, 550–551, 551
omotransversarius muscle, 437
open bridles, 1077
opioids

emergency sedation, 1177
recurrent exertional rhabdomyolysis,

1062–1063
see also individual opioids

optic nerve (cranial nerve 2), evaluation,
516

oral/dental disease, 1027–1036
abnormal wear patterns, 1034–1035

hooks, 1034, 1034–1035
age, 1028
bar injuries, 1031
canine teeth, 1032–1033

eruption, 1033
wearing, 1033

caps (deciduous teeth), 1034
removal, 1034, 1034

clinical signs, 1028
dental floating, 1031–1032
dressage/three day event horses, 1097

back diseases/disorders, 443
injuries, 1031, 1031
polo ponies, 1121
radiography, 1031
use of horse, 1028–1030
wolf teeth, 1031, 1032, 1032

removal, 1032, 1032
oral electrolytes

endurance horses, 1114–1115
exercise-associated dehydration therapy,

905
oral examination, 1028–1031

dental record sheet, 1029
prepurchase examination, 1027
rostral hooks, 1035

oral fluid replacement therapy, exercise-
associated dehydration, 900–902

oral glucose tolerance tests, 960
geriatric horse, 1141
peripheral Cushing’s disease, 1144

organophosphates
mite control, 1164
mosquitoes, 1163

oropharynx, 514
orthopedic disease

by discipline, 475, 476
incidence, 480–481
pre-existing pathology, 483
prevention, 475–485

breeding stock choice, 476
strategies, 477–478
systems approach, 475
training programs, 478

risk factors, 477–478, 481–482
soft tissue injuries, 482–483
see also bone; joint(s); individual

diseases/disorders
osmolality

definition, 898
plasma, 856

osmolarity, definition, 898
osmoreceptors, 856
osselets, fetlock joint see fetlock problems
osseous disruption, talus, 399
osseous palpation, 453–454

tuber sacrale, 454, 454, 465–466
osseous symmetry, back problems,

444–445
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ossification, 117–118
endochondral, 117–118
intramembranous, 118

osteitis, tarsus see tarsus
osteoarthritis

articular processes, 458
carpus see carpal diseases/disorders 
chondrocytes, 157
diagnosis

nuclear scintigraphy, 179
thermography, 177

etiology/pathophysiology, 157
exercise effects, 157
fetlock joint see fetlock problems 
geriatric horse, 1141
indentation studies, 157
show horses, 1136
tarsus see tarsus 
therapy

analgesia, 360, 361
corticosteroids, 1136
hyaluronic acid, 1136
NSAIDs, 1136
polysulfated glycosaminoglycan,

1136
shoeing, 1136

Thoroughbred race horses, 1057
see also degenerative joint disease (DJD);

individual joints
osteoblasts, 112–113

bone, 112
osteochondral chip

fractures/fragmentation, 353–355
carpus see carpus 
fetlock joint see fetlock fractures 
lateral trochlear ridge, radiography,

161, 162
radiography, 354, 354
slab fracture, 355–356

osteochondrosis dissecans (OCD)
arthroscopy, 202, 202
coxofemoral joint, 207
elbow, 203
femoropatellar joint see femoropatellar

joint 
hock, 195, 195
intermediate ridge of the tibia, 195, 195
lateral trochlear ridge, 195
MC3/MT3 lesions, 193
medial trochlear ridge, 195
pastern, 311, 314, 315–316
patella, 196
radiography, 1208, 1209, 1209
shoulder, 202, 202
show horses, 1136
Standardbred race horses, prepurchase

examination, 1213
stifle see stifle, diseases/disorders 
tarsus see tarsus 

osteoclasts, 113, 113
bone remodeling, 120

osteocytes, 112, 113
apoptosis, 124

osteonal bone, 114, 115
osteons, bone matrix, 114, 114
osteophytes, stifle meniscal injuries, 372
osteoprotegerin, 112–113
osteostixis

dorsal cortical stress fractures of MC-3
therapy, 325–326

third metacarpal dorsal cortical stress
fractures, 1058

osteotomy, proliferative periostitis
(metacarpus/metatarsus) therapy,
336–337, 337

out-of-competition drug testing,
1259–1260

ovariectomy, prevention of estrus, 1195
overexertion, exertional rhabdomyolysis,

87
overloading, 845–846
over-reaching, 845–846

definition, 7
injuries, 1061, 1061
polo ponies, 1120
Thoroughbred race horses, 1061, 

1061
overtraining, 846–847

bodyweight loss, 1083
diet, 1083
hemoconcentration, 951
identification, 29
physiology of, 7
red cell hypervolemia, 608
Standardbred race horses, 1083
urea levels, 960

Ovnicek shoe, laminitis therapy, 276
owner’s statement, prepurchase

examination, 1202, 1221
oxidative capacity, muscle, training

responses, 69, 69
oxidative injury, exertional rhabdomyolysis,

87–88
oxygen

arterial partial pressure (PaO2)
EIPH, 36
geriatric horses, 1139
IAD, 36
lung transit time, 715
upper airway obstructive disease,

560
capacity, 4
consumption

in exercise, 602, 602–603
NSAIDs, effect of, 1274
in transport, 1245

delivery, in exercise, 6
loading determinants

exercise effects, 713
lung circulation/microcirculation,

713
transport, 4, 940–941

training responses, 944
uptake (VO2max) see aerobic capacity

(VO2max) 
oxygenation capacity, 4

oxygen–hemoglobin dissociation curves,
941
with exercise, 603, 603
exercise effects, 940

oxytocin, 797
ozone, inflammatory airway disease

therapy, 621

P
P1/P2 fracture, recommended

therapy/prognosis, 1191
‘paced diet’ program, cervical stenotic

myelopathy therapy, 522–523, 523
pacing, 1074, 1074, 1074–1075, 1075

characteristics, 218, 219
‘crossfiring,’ 1075, 1075
‘forging,’ 1075, 1075

packed cell volume (PCV)
anesthesia considerations, 1169
exhaustion, endurance horses, 1108
as fitness/performance indicator, 29
transport, effects of, 1246–1247

padding, anesthesia, 1172–1173, 1173
pain

back see back pain 
caudal heel, 1135
digital limb flexion test, 267, 281
hock, 1095
joints, 156–157
muscle, 453, 1111
palmar foot, 281, 282, 283
pathways, 438
perception, 437–438
prostaglandins’ role, 490
treatment see analgesia 

Paint horses see Western performance
horses

‘paints,’ dorsal metacarpal complex
therapy, 322

palalaryngeal cysts, rostral displacement of
palatopharyngeal arch, 588

palatinus muscle, 547, 547–548, 548–549
dorsal displacement of the soft palate,

548–549, 549
electromyography, 548, 548

palatopharyngeal arch, rostral
displacement, 587–589
endoscopy, 588, 588, 589
etiology, 589
examination, 588
history/presenting complaint, 588
pathophysiology, 589
radiography, 588
therapy, 589

palatopharyngeus muscle, 547, 548–549,
551, 551
electromyography, 548, 548

palmar annular ligament (PAL)
desmitis, 429
desmotomy, 416

palmar digital neurectomy, navicular bone
fractures, 280
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palmar foot pain, 262, 281–284
therapy, 1126

palmar heel pain, Western performance
horses, 1125–1126

palmar hoof wedge test, pain assessment,
267

palmar/plantar digital sheath, arthroscopy,
204–205
adhesions, 205, 205
annular ligament desmitis, 204,

204–205, 205
manica flexoria injuries, 205, 205
synovial masses, 205, 205

palmar/plantar joint
arthroscopy, 192, 192
distal interphalangeal joint see distal

interphalangeal (DIP) joint 
palpebral response, 516, 516
pancreas

blood flow, exercise, 1020, 1020
as endocrine gland, 800–801
inflammation, 959
secretions, 1014
structure, 800
see also individual hormones

pancreatic polypeptide, 801
pancreatitis, L-gamma-glutamyl

transaminase, 959
pantothenic acid, 818–819
papillary necrosis, NSAID side effect, 494
Parascaris equorum infection, 620, 1157,

1158–1159
diagnosis, 1158
epidemiology, 1159
infection, 1158
interstitial pneumonia, 647
pathogenesis, 1158
therapy, 1158–1159

parasitic arteritis, 761–763
parasitic infections

anemia, 951
control of, 1157–1166

acquired resistance, 1157–1158
programs, 1157

prophylaxis
endurance horses, 1114
Thoroughbred race horses,

1053–1054
see also individual infections

parasympathetic pathways, respiratory
system, 600

parathyroid glands, 798
parathyroid hormone (PTH), 798
paroxysmal ventricular tachycardia,

detection in exercise testing, 12
partial patellectomy, patellar fractures, 384
‘paso,’ 218, 218
passage, 218, 225

piaffe vs., 225
passing-gaiting, Standardbred race horses,

1074, 1074
passive range of motion (PROM), back

disease/disorder diagnosis, 450

passports, international transport, 1233,
1234

pastern
diseases/disorders, 308–316

arthritis, 312, 313–315
forelimb lameness, 1085–1086
osteochondrosis dissecans, 311, 314,

315–316
intra-articular fractures, 3, 307, 308,

308–310, 309, 309, 310, 312
luxation/subluxation, 311, 312
motion, 289, 289
radiography

changes affecting performance, 1207
prepurchase examination, 1206

Pasteurella caballi infection, shipping fever,
1242

Pasteurella infections
endocarditis, 745
IAD, 684, 685
IAD therapy, 621
pleuropneumonia, 689, 693

patella
anatomy, 370
diseases/disorders

fragmentation, arthroscopic therapy,
197

ligament desmitis, 380
luxations, 379–380
osteochondrosis dissecans, 196
upward fixation/chondromalacia,

380–382
see also stifle, diseases/disorders 

fractures, 383–385
arthroscopy, 197, 197, 384
comminuted, 384
recommended therapy/prognosis,

1191
transverse, 384

ligaments, 370, 380
patellectomy, patellar fractures, 384
peak expiratory flow (EF), obstructive upper

airway disease, 560
peak inspiratory flow (IF)

obstructive upper airway disease, 560
at rest, 515

pectineus muscle, 437
pectoral region, examination, 457
pedal osteitis, Thoroughbred race horses,

1061
Peek-A-Boo bridles, 1077
‘pelvic sinking,’ definitions, 232
pelvis

anatomy, 436
ligaments, examination, 452
muscle groups, 437
osseous palpation, 454
radiography, 460
stress fractures, 467, 1058
see also back diseases/disorders

penicillin
immune-mediated hemolytic anemia

etiology, 983

retropharyngeal abscesses therapy, 569
sinusitis therapy, 565

penicillin G, pleuropneumonia therapy, 
689

pentosan polysulfate (PPS), 506–507
effective dose, 507
joint injuries/disease, 1057
mechanism of action, 506–507
therapeutic use, 507

pentoxifylline
EIPH therapy, 640
laminitis therapy, 910
RAO therapy, 630
right dorsal colitis therapy, 1044

pepsinogen, equine gastric ulcer syndrome,
1038

peptide/steroid monitoring, gastrointestinal
tract tests, 1016–1017

peptide YY, 801, 802
percussion dimpling, myotonic dystrophy,

99, 99
percussion, equine pleuropneumonia, 687,

687
percutaneous needle biopsy, muscle, 45, 47
percutaneous tendon splitting, tendon

injury therapy, 146
performance

dietary cation anion difference,
889–890

horse breeds, 3
indicators

aerobic capacity (VO2max), 3, 700,
771

lactate concentration, 20, 26,
27–28, 28

lactate threshold measurement,
25–26

lack of, back disease/disorder diagnosis,
441–442

limiting factors, 7–8
metabolism, 771
muscle fibers vs., 63
red cell volume vs., 854
temperature effects, 923–924
transport, effects of, 1248

pergolide mesylate
Cushing’s disease therapy, 1143–1144
hyperaldosteronism therapy, 844

periarticular disease
bone proliferation, 165
carpal, 365
remodeling, stifle, 170

pericardectomy, 760
pericardial diseases, 760–761

electrocardiography, 760
therapy, 760
two-dimensional echocardiography, 

760
pericarditis, 760–761

pleuropneumonia, 692
Perilla frutescens, interstitial pneumonia,

647
perimysium, 46, 48

1345
Index



perineural analgesia
collateral ligament injuries/tarsal

luxations, 394
foot injury, show horses, 1135
osteochondrosis dissecans of the tarsus,

390
periodic acid-Schiff staining, muscle

biopsies, 85, 85
periosteal ‘picking,’ dorsal metacarpal

complex therapy, 322
peripheral Cushing’s disease, 1143,

1144–1145
peripheral edema, 748, 750, 751
peripheral nervous system

arthritic pain, 156
hindlimb, 255

peripheral quantitative computed
tomography (pqCT), 115, 126

peripheral vascular resistance, exercise,
807–808

Permanent Liaison Committee on the
International Movement of Horses
(PLCIMH), international
travel/quarantine, 1234

permethrin, direct application, 1164
peroxygen compound aerosols, viral

infection prevention, 665
phalanx

distal see distal phalanx 
first phalanx fractures, 294, 295, 296
proximal, 1087, 1088
third phalanx fracture, 201, 201

pharyngeal collapse (PC), 34–35
endoscopy, 35, 35
mechanics/blood gas measurements,

560
Thoroughbred race horses, 1065

pharyngeal inspiratory pressure, during
nasal occlusion, 544

pharyngitis, HYPP, 92
phenolic cleaning agents, viral infection

prevention, 664
phenothiazines

exhausted horse syndrome, 837–838
performance effects, 1280
preanesthetic, 1170
stallion behavior modification, 1196

phenylbutazone (PBZ), 487
adverse effects, 493

acute renal failure, 915
gastrointestinal tract ulceration,

493–494
right dorsal colitis, 1044

in analgesia, 490–491, 1187
endurance horses, 1115

antithrombotic effects, 492
applications, 490

aortoiliacofemoral thrombosis
therapy, 762

arytenoid chondritis therapy, 586
back disease/disorder therapy, 442,

467
collateral ligament injury, 372

dorsal metacarpal complex therapy,
321

exertional rhabdomyolysis therapy,
80, 82–83, 1062–1063

exhausted horse syndrome, 838
fibrotic myopathy therapy, 103
laminitis therapy, 276, 492, 910,

1125
osteoarthritis therapy, 303, 404
osteochondrosis dissecans of tarsus,

392
palmar foot pain, 283
pleuropneumonia therapy, 692
polo ponies, injury, 1120
Streptococcus equi infection therapy,

679
superficial digital flexor tendinitis

therapy, 415
suspensory desmitis therapy, 1111

authorized limits, 1260, 1260
chondroprotective effects, 491
combination therapy, 493
dosage regimen, 489
dose-dependent kinetics, 488–489
drug interactions

chloramphenicol, 489
furosemide, 1270
gentamicin, 490
rifampicin, 489

endurance horses, 1111
metabolism/elimination, 488
tissue kinetics, 489

phenytoin
exertional rhabdomyolysis prevention,

87
HYPP therapy, 94
recurrent exertional rhabdomyolysis

therapy, 40
phlebotomy

red cell hypervolemia therapy, 993
training-induced polycythemia therapy,

848
pH monitoring, gastrointestinal tract tests,

1016, 1016
phosphates, 856

buffering system, 876–877
serum values, 960–961

phosphocreatine, 775
in exercise, 778

phospholipase A2, arthritis, 157
phospholipids, fat-supplemented diets,

784
phosphorus

daily intake, recommendations, 819,
819

geriatric horse, supplementation, 1141
osteochondrosis dissecans of tarsus,

392
photomicrographs, equine degenerative

myeloencephalopathy, 528
phrenic afferents, breathing/ventilation

control, 607
physical therapy, 532–540

accessory ligament, deep digital flexor
tendon, 1136

back disease/disorder therapy, 470
show horses, 1137

tendon injury therapy, 146
see also individual methods

physiology, 3–5
energy sources (substrates), 4
in exercise see exercise, physiology of
mitochondrial efficiency, 4
other species vs., 4
oxygenation capacity, 4
oxygen transport, 4
performance maxima, 3
size effects, 3
splenic contraction, 4

physis
definition, 117
structure, 117–118, 118

piaffe, 218, 225
passage vs., 225

pigment nephropathy, hemolytic anemia,
972

‘pin-firing,’ dorsal metacarpal complex
therapy, 322

piperazine, Parascaris equorum therapy,
1158–1159

pirbuterol, recurrent airway obstruction
therapy, 631

pituitary–adrenal axis, Cushing’s disease,
1142

pituitary gland, 795–797
adenoma see Cushing’s disease 
anterior pituitary hormones, 795–797
control/hormone secretion, 843

hypothalamus, 795
posterior pituitary hormones, 797
see also individual hormones

pituitary pars intermedia dysfunction see
Cushing’s disease

plantar desmitis, diagnosis, 407
plantar tarsocrucial joint (hock),

arthroscopy, 194
plasma

electrolytes, 856, 856–857
composition, 908

osmolality, 855–857, 856
regulation, 856

proteins, 944–955, 953–954
concentrations, 1169, 1300–1301
Cyathostome infections, 953–954
exercise responses, 945
inflammation, 956, 956
non-steroidal anti-inflammatory

drug binding, 488
Strongylus infection, 954
training effects, 867
uses, 953

viscosity, 956
inflammation, 956, 956

volume (PV), 853–854
calculation, 854
corrected hematocrit, 855
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Evans blue dye estimation, 854
in exercise, 779, 857–859, 858, 859
indocyanine green estimation, 854
training effects, 866, 867, 867

PlasmaLyte, 1190
composition, 902

plasma renin activity (PRA), 804–805
exercise effects, 804–805

renal blood flow, 862–863
plasma urea nitrogen, acute renal failure,

913
platelets, 941

abnormalities, 953
acute blood loss, 975
exercise responses, 943, 943
reference values, 1297–1298
training responses, 944

pleural effusions, causes, 689
pleural fluid

drainage, pleuropneumonia therapy,
690–691, 691

effusions, causes, 689
pleuropneumonia, 689

pleural lavage, pleuropneumonia therapy,
691–692

pleurisy see equine pleuropneumonia
pleuritis see equine pleuropneumonia
pleuropneumonia see equine

pleuropneumonia
pneumatotachographs, kinetic gait

analysis, 212
Pneumocystis carinii, interstitial pneumonia,

647
pneumocytes, 599
pneumonia

fungal, 620
interstitial see interstitial pneumonia 
three-day event horses, 1097
see also equine pleuropneumonia

pneumonitis
eosinophilic, Parascaris equorum

infection, 1158
hypersensitivity, 620
parasitic, IAD, 619–620

pneumotachography
RAO, 625
upper respiratory tract mechanics, 545

pneumothorax, 1185, 1186
pleuropneumonia, 688, 692

pneumotracheotomy, telemetric, 23–24
pneumovagina, show horses, 1138
podotrochlear (navicular) bursa contrast

arthrography, 281–282
podotrochlear diseases/disorders see

foot/feet, diseases/disorders
podotrochlear syndrome (navicular

disease)
computed tomography, 181
magnetic resonance imaging, 181, 185
nuclear scintigraphy, 178

point of maximal intensity (PMI), 729
political factors, international spread of

infectious disease, 1227–1228

polo, 1118–1120
rating, 1119
strategy/positions, 1118–1119

polo ponies, 1118–1122
acid–base balance, 887
arthritis, 1121
demographics, 1119–1120
exertional rhabdomyolysis, 1121
history, 1118
injuries/trauma, 1120

collateral ligament, 372
orthopedic injury, 476
tendons/ligaments, 1120

reference values
hematology, 1295
serum biochemistry, 1300–1301

polychromatophilic erythrocytes (PRBC),
972

polycythemia see red cell hypervolemia
polydipsia, hyperaldosteronism, 844
polyethylene glycol (PEG), mucosal

permeability/absorption tests, 1018
polymerase chain reaction (PCR)

equine piroplasmosis, 981
Streptococcus equi infection diagnosis,

677, 678
polymerized ultrapurified bovine

hemoglobin (PUBH)
in acute blood loss, 977
Heinz body hemolytic anemia therapy,

984
polyneuritis equi (cauda equina syndrome),

516
polysaccharide storage myopathy (PSSM)

diagnosis, 84, 448, 462
electron micrography, 86, 86
glucose tolerance tests, 86

diet, effects of, 827
dressage/three-day event horses, 1096
epidemiology, 92
etiology/pathophysiology, 90–92

draft horses, 91
GLUT-4 receptors, 90–91, 91
insulin sensitivity, 90–91
Quarter Horses, 90–91, 91

see also exertional rhabdomyolysis 
(ER)

polysulfated glycosaminoglycans (PSGAGs),
501–503
drug interactions, 502–503
effective dose, 502
mechanism of action, 501–502
osteoarthritis/degenerative joint disease,

362
carpus, 1086
fetlock, 300
intra-articular, 362
polo ponies, 1120
show horses, 1136
stifle injuries, 1129
synovial fibroblasts, 152
tarsus, 405
Thoroughbred race horses, 1057

osteochondral fragmentation, 355
osteochondrosis dissecans of tarsus,

392
tarsus, inflammation/arthritis, 1128
tendon/ligament diseases/disorders,

146
collateral ligament, 372
superficial digital flexor tendon, 415,

1060
suspensory ligament, 1127

therapeutic use, 502
toxicity, 503

polyurethane adhesives, hoof wall defect
repair, 268–269

polyuria, hyperaldosteronism, 844
ponazuril, EPM therapy, 525
ponies, Thoroughbreds vs., 608, 608
positioning, anesthesia, 1172–1173, 1173
‘postexhaustion syndrome,’ 931
posture, back disease/disorder diagnosis,

444
postviral myocarditis, 760
potassium

daily intake, recommendations, 819
as dietary supplement

endurance horses, 1115
HYPP therapy, 1124

homeostasis, aldosterone, 799–800
muscle fatigue, 874
osmolality contribution, 855–856
serum values, 1300–1301

potassium bicarbonate
performance effects, 1286
supplements, 891

Potomac horse fever
clinical features, 1153
vaccination, 1149, 1153

poulticing, hooves, sepsis, 274
povidone–iodine ointment

hoof wall defect therapy, 268
hooves, sepsis, 274

praziquantel, tapeworm infection therapy,
1161

precipitin tests, fungal allergen, 961
prednisolone

atrial arrhythmia therapy, 739
dorsal displacement of the soft palate

therapy, 571
endurance horses, 1115
immune-mediated hemolytic anemia

therapy, 983
onset of action, 494
recombinant human erythropoietin-

induced pure red cell aplasia, 989
prednisone, recurrent airway obstruction

therapy, 629
pregnancy, exercise-associated risks, 1197
pre-osteoclasts, 112
prepurchase examinations, 1201–1224

after exercise, 1204
aims, 1201–1202
buyer’s statement, 1202, 1212,

1219–1220
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prepurchase examinations cont’d.
cardiovascular system, 1205
confirmation assessment, 1203, 1204
conflict of interest, 1202
disease certification status, 1204
dressage horses, 1215–1216
drug testing, 1204, 1205
endoscopy, 1204, 1210–1211
equine infectious anemia, 979
in exercise, 1203–1204
imaging, 1205–1210

nuclear scintigraphy, 1210
radiography see radiography 
ultrasonography, 1210

insurance purposes, 1202, 1204
laboratory evaluation, 1204–1205
during locomotion, 1203, 1204
oral examination, 1027
owner’s statement, 1202, 1221
preliminary, 1203
problems, avoidance of, 1204
requirements, 1202
as risk assessment, 1201–1202
show horses (hunters/jumpers), 1134,

1214–1217, 1215–1216
Standardbred race horses see

Standardbred horses 
Thoroughbred race horses see

Thoroughbred horses 
three-day event horses, 1214–1215
veterinarian’s record, 1202, 1204,

1222–1224
Western performance horses,

1216–1217
pre-race testing, drug testing, 1259
pressure receptors, upper respiratory tract,

543
primary severe combined

immunodeficiency (PSCID), 670
procaine penicillin G

metastatic strangles, 680
pleuropneumonia therapy, 690
Streptococcus equi infection therapy, 679
threshold levels, 1263

progestagens
estrus, prevention of, 1194–1195
stallion behavior modification, 1196

proglycogen, exercise effects, 778
progressive ethmoid hematoma (PEH), 562,

562–564
computed tomography, 562
differential diagnosis, 563
endoscopy, 562
therapy, 563

pro-inflammatory cytokines
exercise/training response, 1001,

1001, 1003
NSAIDs, effects of, 491

prolactin, 795
exercise/training effects, 1005

proliferative (villonodular) synovitis,
301–302, 302
arthroscopic therapy, 193

proliferative synovitis,chronic,
ultrasonography, 168, 168

proligestone, prevention of estrus, 1195
promazine, 1280–1281

threshold levels, 1263
propanolol, performance effects, 1279,

1280
propionic acid, equine gastric ulcer

syndrome, 1042
proprioception, muscle, 50
prostaglandins

arthritis, 157
bone resorption, 490
dimethyl sulfoxide, effects of, 505
equine gastric ulcer syndrome, 1040
exercise effects, 1017
mechanical release, 1021
pain, 490

proteins
cerebrospinal fluid, 518
in diet see nutrition 
electrophoresis, 954

inflammation, 954
normal values, 954
Strongylus infection, 954

metabolism effects, 785
in plasma see plasma 
recombinant, drug testing, 1259–1260,

1264
transcription, training effects, 7
in urine, 913
see also individual proteins/type of protein

proteinuria, glomerulonephritis, 913
proteoglycans

corticosteroid effects, 496–497
dimethyl sulfoxide effects, 505
joint disease effects, 496–497
in tendons, 137, 142

age relation, 141
prothrombin time, acute blood loss, 975
proton pump blockers, 1039–1040,

1065–1066
provocation test, sacroiliac joint, 454, 454
proximal forelimb, flexion tests, 251
proximal interphalangeal joint

arthroscopy, 207
intra-articular anesthesia, 256

proximal intertarsal joints, intra-articular
anesthesia, 257

proximal phalanx
fractures, 1087
plantar process fragmentation, 1088

proximal sesamoid bone
anatomy, 193, 194
exercise adaptations, 479
radiography, changes affecting

performance, 1207
proximal sesamoidean ligaments, injury,

1120
proximal sesamoiditis, fetlock see fetlock

problems
proximal superficial digital flexor tendon,

injuries, 1120

proximal suspensory desmitis, 1088
proximal third interosseous enthesopathy,

164
Pseudallescheria, mycotic rhinitis, 561, 562
Pseudomonas, pleuropneumonia, 693
psoas major muscle, 437
psoas minor muscle, 437
pterygopharyngeus muscles, 551, 551
pulmonary artery pressure

in exercise, 713, 714, 715
exercise testing, 14
reduction

diuretics, 713, 715
furosemide, 713, 715
nitric oxide, 713, 715
splenectomy, 713

pulmonary edema, heart failure, 748
pulmonary function tests see lung function

tests
pulmonary gas exchange, standard

treadmill exercise tests, 15
pulmonary resistance (PL), 600
pulmonary scintigraphy, EIPH, 636
pulsed-field gel electrophoresis (PFGE),

680–681
pulse pressure, exercise effects, 711
pulse rate, anesthesia considerations, 1168
pure red cell aplasia, recombinant human

erythropoietin, 988–989
purine nucleotides, levels during exercise,

777–778
purpura hemorrhagica see Streptococcus

equi infection
pyrantel salts

Cyathostome resistance, 1160
Parascaris equorum therapy, 1158–1159
tapeworm infection therapy, 1161

pyrantel tartrate, Strongylus therapy, 1159
pyrethrins

mite control, 1164
mosquitoes, 1163

pyrethroids
mite control, 1164
mosquitoes, 1163

pyrimethamine
EPM therapy, 525
folate metabolism effects, 987–988

Q
quadriceps muscle, atrophy, 368
quarantine

international transport controls,
1234–1236
certification of origin, 1232, 1235
diagnostic testing, 1235
health status protection, 1235–1236
restrictions, 1235
separation, 1235
temporary residency, 1236
therapy, 1235
vaccination, 1235

viral infection prevention, 665
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quarter cracks
show horses, 1135
Thoroughbred race horses, 1061

Quarter Horses
feet diseases/disorders, 262
HYPP gene, 1217
orthopedic injury incidence, 481
osteochondrosis dissecans

stifle, 379
tarsus, 392

palmar foot pain, 281
polysaccharide storage myopathy,

90–91, 91
prepurchase examination, 1216–1217
reference values

hematology, 1295
iron, 973
leukograms, 1297
serum biochemistry, 1300–1301

speeds, 3
tarsal osteoarthritis, 404
see also Western performance horses

quinidine, atrial fibrillation therapy, 37,
735–736

quittor, feet diseases/disorders, 285–286

R
rabies

epidemiology, 1151
vaccination, 1149, 1151

race horses
orthopedic injuries, 475

incidence, 480
prevention, 476

prepurchase examination, endoscopy,
1210

Standardbred see Standardbred horses 
Thoroughbred see Thoroughbred horses 

racing
authorities, international transport,

1233–1234
performance, gait variables vs., 224

‘rack,’ 218, 218
radial shock wave therapy, suspensory

origin, stress remodeling, 344
radiation

definition, 921
thermoregulation, 922

radical myectomy, dorsal displacement of
the soft palate therapy, 34

radiography, 161–166
advantages, 161–162, 163

joint accessibility, 163, 164, 165
articular pathophysiology, 463
back diseases/disorders, diagnosis,

453–454, 458–460, 459, 1138
articular pathophysiology, 463
dorsal spinal processes, 453–454
under general anesthesia, 459
normal anatomy, 459–460
show horses, 1138
standing, 458–459

bone remodeling, 163, 163
changes affecting performance,

1207–1208, 1208
contrast, 163

barium contrast, 1017
dental disease, 1035
enthesiophytes, 352
feet/hoof(s)

palmar foot pain, 282, 283
sepsis, 272, 273

fetlock
osteoarthritis, 303
osteochondral (chip) fractures, 290,

291
proliferative (villonodular) synovitis,

302
proximal sesamoid fractures, 292,

293
proximal sesamoiditis, 297, 297
suspensory apparatus rupture, 

300
fractures, 1180

cervical vertebrae, 526
distal phalanx, 279, 279
dorsal cortical stress of MC-3, 324,

324
fetlock joint, osteochondral (chip),

290, 291
first phalanx, 294, 295, 296
navicular bone, 280
proximal sesamoid fractures, fetlock

joint, 292, 293
Salter–Harris physeal fractures, 385
small metacarpus/metatarsus bone

fractures, 339–340, 340, 341
stifle, 383, 383
tarsus, 397
vertebrae, 527

under general anesthesia, 459
lameness diagnosis, 258

hindlimb, 1087
laminitis, 275, 275, 277

Western performance horses, 1125,
1125

limitations, 163–164
metacarpus/metatarsus

condylar fractures, 328, 329, 330
dorsal metacarpal disease, 320, 320
proliferative periostitis, 335,

335–336
small bone fractures, 339–340, 340,

341
navicular bone, 163

navicular syndrome, 1126, 1126
neurological diseases/disorders, 517
oral/dental disease, 1030, 1035
osteoarthritis/degenerative joint disease,

162, 163
fetlock, 303

osteochondral fragmentation, 354, 354
lateral trochlear ridge, 161, 162

osteochondrosis dissecans, 1208, 1209,
1209

stifle, 376, 376, 377
tarsus, 390, 391

patella
ligament desmitis, 380
luxation, 379

pelvis, 460
periarticular bone proliferation, 165
prepurchase examination, 1205–1210,

1213
limitations/problems, 1208–1209
minimum recommended views,

1206
Standardbred race horses, 1213
three-day event horses, 1215
Warmbloods, 1216

proximal third interosseous
enthesopathy, 164

respiratory system
EIPH, 636, 636
interstitial pneumonia, 645, 645
pleuropneumonia, 688, 688
RAO, 624
retropharyngeal abscesses, 567, 568
sinusitis, 564, 564
Thoroughbred race horses, 1063

sedation in, 459, 519–520
skeletal adaptation monitoring, 126
soft tissue

arytenoid chondritis, 585
cervical stenotic myelopathy, 519,

519–521, 520
dorsal displacement of the soft

palate, 570, 570
gastrocnemius/superficial digital

flexor tendon injuries, 407
longus capitus ventralis muscle

avulsion, 591, 592
palatopharyngeal arch, rostral

displacement, 588
progressive ethmoid hematoma, 562
proliferative (villonodular) synovitis,

fetlock, 302
rectus capitus ventralis muscle

avulsion, 591, 592
sesamoiditis, 1207, 1209, 1210
suspensory apparatus rupture,

fetlock, 300
suspensory ligament desmitis, 1110,

1126
suspensory origin, stress remodeling,

343–344
upward fixation/chondromalacia,

381
Standardbred race horses, 1086

lameness diagnosis, 1087
prepurchase examination, 1213

stifle, 369, 1129
collateral ligament injuries, 370,

370–371, 371
cruciate ligament injuries, 374, 374
fractures, 383, 383
osteochondrosis dissecans, 376, 376,

377
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radiography cont’d.
subchondral bone cysts/lesions, 1208

humerus, 162, 162
tarsus

collateral ligament injuries, 394,
394

fractures, 397
inflammation/arthritis, 1128
osteoarthritis, 403, 403–404, 404,

404
thoracic vertebrae, kissing spines, 165
Thoroughbred race horses, 1054
three-day event horses, prepurchase

examination, 1215
ventral spondylosis, 165
vertebrae

fractures, 527
kissing spines, 165

Warmbloods, prepurchase examination,
1216

Western performance horses,
1124–1125
laminitis, 1125, 1125

radius, fracture, recommended
therapy/prognosis, 1191

random amplified polymorphic DNA
(RAPD), 680–681

ranitidine
allowable limits in competition, 1101
equine gastric ulcer syndrome, 1039,

1066, 1098
RANK ligand, bone resorption, 112–113
rapid diagnostic tests, influenza virus, 661,

667
rapidly adapting receptors (RARs), 606
recombinant equine somatotrophin

(growth hormone) (reST), 1264, 1277
recombinant human erythropoietin

(rhEPO), 1264, 1276
anemia, 952, 969, 974, 988–989

recombinant proteins, drug testing,
1259–1260, 1264

recovery periods, transport, 1239
recovery times, transport, 1242, 1244
rectal palpation

back disease/disorder diagnosis, 447,
454

lameness diagnosis, 250
rectus capitus ventralis muscle, avulsion,

591–592
endoscopy, 591, 591
radiography, 591, 592

rectus femoris muscle, 437
rectus muscle rupture, 1186–1187, 1187
recurrent airway obstruction (RAO),

622–633
diagnostic confirmation, 627–628
differential diagnosis

IAD vs., 613, 614, 618, 619–620,
624

interstitial pneumonia vs., 646
summer pasture associated obstructive

pulmonary disease vs., 623

dressage horses, 1097
epidemiology, 632
etiology/pathophysiology, 631–632
examination, 623–625

bronchoalveolar lavage, 624, 626
endoscopy, 624
laboratory, 625–626
lung function tests, 624–625, 625
nostril flaring, 623
radiographs, 624
tracheal washes, 624, 626

history/presenting complaint, 623
necroscopy examination, 626–627
performance effects, 623

gas exchange, 625
prevention, 632–633
prognosis, 631
therapy, 628–631

aerosol therapy, 630–631
albuterol, 1097
antioxidants, 832
bronchodilators, 629–630, 631,

1097
corticosteroids, 628–629, 630–631,

1097
mucociliary clearance, 630

three-day event horses, 1097
recurrent exertional rhabdomyolysis (RER),

39–40
diagnostic tests, 39–40, 448, 1062

aspartate aminotransferase, 39–40
caffeine hypersensitivity test, 89, 89
creatine kinase, 39
nuclear scintigraphy, 40

diet, effects of, 827, 1062
etiology/pathophysiology, 89–90

calcium regulation, 89–90
defective muscle

contraction/relaxation, 90
temperament, 90

examination, 39
history, 39
prognosis, 40
signs/symptoms, malignant

hyperthermia, 89–90
Standardbred race horses, 1084
therapy, 40, 1062–1063

acepromazine, 1062–1063
dantrolene, 40
diet, 90, 1062
phenytoin, 40

Thoroughbred race horses, 1062–1063
red blood cell distribution width (RDW),

anemia, 968
red blood cells, 940

abnormalities, 951–953
see also individual diseases/disorders

agglutination, immune-mediated
hemolytic anemia, 982

catecholamines, effect of, 941–942
counts, acute blood loss, 975
erythrocytosis, 847–848
exercise responses, 941–942

hypervolemia see red cell hypervolemia 
reference values, 1295–1296
training responses, 943–944
volume see red cell volume (RCV) 

red cell hypervolemia, 847–848, 990–993
examination, 991–992
history/presenting complaint, 990–991
overtraining, 608
therapy, 992–993
training-induced see training-induced

hypervolemia 
red cell volume (RCV), 853–854

histograms, 968
anemia, 969

performance vs., 854
red cell hypervolemia, 991
training effects, 867

reduction, collateral ligament
injuries/tarsal luxations, 395

redundant alar folds, 559–561
therapy, 560, 560

regionalization, international transport,
1231

regional joint motion see back
diseases/disorders, diagnosis

rehydration therapy see fluid replacement
therapy

reining horses see cutting/reining horses
renal failure

acute see acute renal failure (ARF) 
anemia, 989
endurance horses, 1107

renal tubular function
acute tubular necrosis, 915
estimation, 914
exercise effects, 863–865

renal vasodilators, 915
renin, 804–805

geriatric horse, 1141
renin–angiotensin–aldosterone system,

postprandial activation, 1022
renin–angiotensin system, metabolism

effects, 772
reporting levels, drug testing, 1263
reproductive therapy, 1193–1200,

1197–1198
behavior control, 1193–1197
potential optimization, 1198
see also breeding; estrus

reserpine, 1281
stallion behavior modification, 1196

resistance training, fiber type changes, 68
resmethrin, direct application, 1164
respiration rate see breathing
respiratory coupling, 220, 221
respiratory diseases/disorders

anesthesia considerations, 1167, 
1168

bacterial infections, 674–696
see also individual infections

dressage/three day event horses, 1097
exercise testing, 32–36
inflammation, due to transport, 1242
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non-infective, equine herpesvirus,
exacerbation of, 657

Standardbred race horses see
Standardbred horses 

susceptibility to, 1005
Thoroughbred race horses see

Thoroughbred horses 
viral infections see viral infections,

respiratory tract 
respiratory frequency (RF) see breathing
respiratory inductance plesymography, 625
respiratory noises, standard treadmill

exercise tests, 14
respiratory system

acid–base balance regulation, 872
anesthesia

examination before, 1168–1169
monitoring in, 1173

dysfunction see respiratory
diseases/disorders 

exercise effects, 608–609
arterial oxygen content (CaO2), 713
breathing frequency (fb) (respiration

rate), 603–604, 772
diaphragm, effects on, 717
diffusion limitations, 608
hypercapnia, during, 606
hyperpnea, 607
hypoventilation, 608
hypoxia, 606
IAD, 615
induced hypoxemia, 615
mean arterial pressure, 715–717
minute ventilation changes, 515, 603
shunts, 608
Thoroughbreds vs. ponies, 608, 608
tidal volume, 515, 603
upper respiratory tract, 541–558
ventilation:perfusion inequalities, 608

geriatric horses, 1139
lower see lower respiratory tract 
lungs see lungs 
non-adrenergic non-cholinergic

pathways, 600
transport, effect of see transport 
upper see upper respiratory tract 
see also breathing; entries beginning

pulmonary
restraint devices, back disease/disorder

diagnosis, 446
restriction fragment length polymorphisms

(RFLPs), HYPP diagnosis, 94, 94
restrictions, quarantine controls, 1235
rest stops, transport, 1247–1248
retropharyngeal abscesses, 567–569

endoscopy, 568, 568
radiography, 567, 568
therapy, 568–569

retropharyngeal lymph nodes, guttural
pouches, 554

retroversion of the epiglottis, 33
endoscopy, 33, 33
therapy, 33

Rhinosporidium, mycotic rhinitis, 561, 562
Rhipicephalus see ticks
Rhodococcus equi, interstitial pneumonia,

645, 647
rhomboideus muscle, 437
rib motion palpation, back disease/disorder

diagnosis, 455
riboflavin, 818–819
ridden/driven exercise, back

disease/disorder diagnosis, 446–447
rider ability, back disease/disorder

diagnosis, 442
ridgeway trot, endurance horses, 1107
rifampicin

phenylbutazone interactions, 489
pleuropneumonia therapy, 690

right dorsal colitis, 1043–1045
right ventricle pressure changes, exercise

testing, 14
rima glottitis, palatopharyngeal arch,

rostral displacement, 589
rimantadine, viral respiratory tract

infections, 663
Ringer’s solution

composition, 902
endurance horses, 1115
exercise-associated dehydration,

902–903
exhausted horse syndrome, 837

ringworm, dressage/three day event horses,
1099

roach-back (kyphosis), 444, 462
Robert–Jones bandage

collateral ligament injuries/tarsal
luxations, 396

superficial digital flexor luxation, 408
rodeo see Western performance horses
Romberg test, 517
romifidine, performance effects, 1281
roping horses, prepurchase examination,

1217
rostral displacement of palatopharyngeal

arch see palatopharyngeal arch, rostral
displacement

rostral hooks, 1034, 1034–1035
oral examination, 1035

rostral pharyngeal collapse see
nasopharynx, collapse

rotary gallop, definition, 219
roughage see dietary fiber
rouleaux formation, 970

anemia, 968–969, 970
rubeola virus immunomodulator, back

disease/disorder therapy, 468
‘running down behind,’ 1062, 1062
running speed, heart rate vs., 712, 712

S
sacroiliac joint, 436

degenerative disease, ultrasonography,
173, 173

examination, 457

injection of, 458, 458
pain, 440
provocation test, 454, 454
subluxation, diagnosis, 457
trauma, nuclear scintigraphy, 460

sacroiliac junction, 436
sacroiliac ligament

desmitis, 465
stress tests, 456, 456–457

sacrum, 434
fractures of, 465

Thoroughbred race horses, 1058
saculectomy, ventricular, 33
saddle pads, back disease/disorder

diagnosis, 445–446
saddles, back disease/disorder diagnosis,

445, 451, 463
sagittal fractures, first phalanx, 293–294
sagittal ratio, cervical stenotic myelopathy,

521
salbutamol see albuterol (salbutamol)
salicylic acid

allowable limits in competition, 1101
heat exhaustion, 932
threshold levels, 1263

saline solutions, 1189
salinomycin, myocardial diseases of, 760
saliva, drug testing, 1254
salmeterol, recurrent airway obstruction

therapy, 631
Salmonella, right dorsal colitis, 1044
Salter–Harris physeal fractures, 385, 385
Sarcocystis neurona

diagnosis, 524
infection see equine protozoal

myeloencephalitis (EPM) 
transmission, 525
Western blots, 524

sarcolemma, 49, 52, 51–52
sarcoplasmic reticulum (SR), 49, 51, 52
sartorius muscle, 437
satellite cells, 49, 52

muscle injury/trauma, 77, 79
saucer fractures see dorsal cortical stress

fractures of MC-3
scalping, in trotting, 1074–1075, 1075
scapular fractures

recommended therapy/prognosis, 
1191

Thoroughbred race horses, 1058
scapulohumeral joint see shoulder
scapulothoracic joint, examination, 457
Schirmer test, temporohyoid

osteoarthropathy, 593
schistocytes, anemia, 970
scintigraphy, barium contrast, 1017
sclerosing agents

back disease/disorder therapy, 467
suspensory ligament injury/trauma,

1137
upward fixation/chondromalacia,

381–382
sclerotic subchondral bone lesions, 1059
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scoliosis, 462
back diseases/disorders, 444

scopolamine, threshold levels, 1263
screw fixation

dorsal cortical stress fractures of MC-3
therapy, 326

malleolus, lateral fractures, 400–401
tarsal fractures, 400

secondary bone, definition, 119
secretin, 801, 802
sedation, 1280–1281

acute blood loss, 975–976
bronchoalveolar lavage, 616, 636
emergency, 1175–1177
fractures/luxations, 1179–1180
injuries, 1179–1180

carpal catastrophic injury, 357
opioid combinations, 1170
preanesthetic, 1169–1170
radiography, 459, 519–520
see also individual sedatives

segmental joint motion see back
diseases/disorders, diagnosis

selenium
daily intake, recommendations, 819,

820
exertional rhabdomyolysis syndromes,

84
semimemgranosus muscle, 437
semitendinosus muscle, 437
sensory receptors, upper respiratory tract,

543, 544
separation, quarantine controls, 1235
septic arthritis, 499

carpus, 362–363
distal interphalangeal joint, 183
hock, 196
magnetic resonance imaging, 183
polysulfated glycosaminoglycans,

502–503
therapy

antibiotics, 362–363
arthrodesis, 363
arthroscopy, 196
dimethyl sulfoxide, 506

septic inflammation, 952
septic navicular bursitis see hoof/hooves
serapin, back disease/disorder therapy, 

467
serology, 961

viral respiratory tract infections, 661
serratus ventralis muscle, 437
serum amyloid A (SAA), 956

inflammation, 956
serum proteins see plasma
sesamoid bones, 119

fractures
abaxial, 292
apical, 193–194, 194, 292
arthroscopy, 193–194, 194
basilar, 292
midbody transverse, 292
proximal, 291–293, 292

recommended therapy/prognosis,
1191

Standardbred race horses, 1087
sesamoiditis

fetlock see fetlock problems 
radiography, 1207, 1209, 1210
Standardbred race horses, 1086

sevoflurane, anesthesia maintenance,
1173, 1174

shin-hitting, in trotting, 1074–1075, 1075
shipping agents, international transport,

1232, 1240
shipping crates, air transport, 1240, 1240
shipping fever, 1242

endurance horses, 1113
shoeing, corrective, 262–263

arthritis therapy, 1121
collateral ligament injuries, 372
dressage horses, 1095
endurance horses, 1111, 1112
lameness

diagnosis of, 248
forelimb, 1085
prevention, 226, 227, 228

laminitis therapy, 276
osteoarthritis/degenerative joint disease,

1136
palmar foot pain, 282
proliferative periostitis

(metacarpus/metatarsus) therapy,
336

show horses, 1135, 1136
suspensory desmitis therapy, 1111
Thoroughbred race horses, 1061
three-day event horses, 1095
types see individual shoes

short lateral collateral ligament (tarsus),
386, 387

short medial collateral ligament (tarsus),
386

short-term overtraining, 845–846
shoulder

arthroscopy, 201–202, 202
articular cartilage lesions, 202, 202
osteochondrosis dissecans, 202, 202

articular cartilage, ultrasonography,
170

examination, 457
girdle muscles, 437
intra-articular anesthesia, 257

show horses (hunters/jumpers),
1131–1138
acid–base balance, 887
biomechanics, 1132
conditioning, 1133
demands on, 1132–1133

arena footing, 1133, 1135
diseases/disorders

back diseases/disorders, 441,
1137–1138

behavioral problems, 1138
caudal heel pain, 1135
collateral ligament injuries, 372

concussive injury, 1135
degenerative joint disease, 1136
feet diseases/disorders, 262, 1135
joint problems, 1135–1136
lameness, 1134
laryngeal hemiplegia, 1138
orthopedic injury, 476
osteoarthritis, 1136
osteochondrosis dissecans, 1136
pneumovagina, 1138
soft tissue injuries, 1136–1137
stress related disease, 1138

jumping style, 1131–1132
locomotion biomechanics, 224–225
prepurchase examination, 1215–1216
prepurchase examinations, 1134
serum biochemistry reference values,

1300–1301
veterinary services, 1133–1134

shunts, gas exchange during exercise, 608
side bone, feet diseases/disorders, 285–286
sidelining bits, Standardbred race horses,

1078
signal transduction

adenylate cyclase, 794, 794–795
hormones, 794, 794–795

sildenafil, EIPH therapy, 640
silicosis, interstitial pneumonia, 645, 646
Simpson bit, Standardbred race horses,

1078
Simulum (black flies), 1165
Singapore Agri-Food and Veterinary

Authority, 1236
sinoscopy, 564–565
sinus block, 744

electrocardiography, 743
sinus bradycardia, 742
sinus centris, 565
sinusitis, 564–566

endoscopy, 565
radiography, 564, 564
sinoscopy, 564–565
therapy, 565

sinus tachycardia
anesthesia considerations, 1168
frequency, 730

skeleton
age-related changes, 127
development, 117–121

control, 121
environmental factors, 117
environmental influences, 121
genetic influences, 121
growth, 117–118
ossification, 117–118

requirements, 111–112
role/function, 111

see also musculoskeletal system 
training strategies see training 
see also bone

skin see dermatology
slab fractures, third carpal bone, 191, 191
‘slap test,’ laryngeal hemiplegia, 580
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slip-mouth sidelining bit, Standardbred
race horses, 1078

‘slow gait,’ 218, 218
slowly adapting receptors (SARs), 606
slow-twitch muscle fibers, 879
small airway disease see inflammatory

airway disease (IAD)
small airway inflammatory disease see

inflammatory airway disease (IAD)
small articular basilar sesamoid bone,

fractures, 193
small metacarpal/metatarsal bone

fractures, 339
snaffle bits, 1027, 1028

Standardbred race horses, 1078
snaffle rubber bits, 1078
sodium

aldosterone, 799
daily intake, recommendations, 819
excretion

atrial natriuretic peptide, 863–864
in exercise, 863–864, 865

losses in sweat, 860, 861
osmolality contribution, 855
serum values, 960–961, 1300–1301

sodium bicarbonate, 1282–1285
as additive, endurance horses, 1116
adverse effects, 1285
blood/urine, effect on, 1283–1284
in exercise, 1284
HYPP therapy, 94, 1124
mechanism of action, 1284
performance effects, 1284–1285, 1285
pharmacokinetics, 1282, 1282–1283

sodium channel structure, HYPP etiology,
96

sodium citrate, performance effects, 1286
sodium cromoglycate (cromolyn),

inflammatory airway disease therapy,
621

sodium hyaluronate, 499–501
drug interactions, 500
effective dose, 500, 500, 501
mechanism of action, 499
superficial digital flexor tendon injury,

1060
therapeutic use, 499–500, 501
toxicity, 500–501

sodium monoiodoacetate, tarsal
osteoarthritis therapy, 406

sodium succinate, endurance horses, 1116
soft palate, 514

anatomy/function, 547–549
dorsal displacement see dorsal

displacement of the soft palate
(DDSP) 

muscles of, 547
obligate nasal breathing, 515

soft tissue injuries
orthopedic disease, 482–483
show horses (hunters/jumpers),

1136–1137
see also individual diseases/disorders

sole bruises, foot disease/disorder, 286
solid phase extraction, drug testing, 1256
somatostatin, 801

equine gastric ulcer syndrome, 1041
exercise effects, 1017

somatotrophin (growth hormone) (ST),
795, 796, 1276–1277
administration of, 796

geriatric horse, 1141
exercise/training effects, 1005
geriatric horses, 1140
recombinant equine, 1264, 1277

tendon injury therapy, 146
sorbitol dehydrogenase (SDH), 944, 959

Cushing’s disease, 1142
hemolytic anemia, 972
Parascaris equorum infection, 1158
serum values, 1300–1301

sotalol, atrial fibrillation therapy, 735
South Africa, orthopedic injury incidence,

480
spasticity, equine degenerative

myeloencephalopathy, 528
spectrograms

laryngeal hemiplegia, 582, 582
upper respiratory tract mechanics, 545

speeds, breeds, 3
speedy-cutting, 1074–1075, 1075
spherocytes

anemia, 970
immune-mediated hemolytic anemia,

982
spinal ataxia see ataxia
spinalis muscles, 437
spinal reflexes, active assisted range of

motion (AAROM), 450–451
spine see back (spine)
spirometry, inflammatory airway disease,

616–617
spleen, 706–708

ratio, 708
reserve volume, blood volume

calculations, 854
splenectomy, pulmonary arterial pressure

reduction, 713
splenic contraction, 4, 706–708, 712,

1020–1021
exercise, 858
exercise testing, 28
measurements, 1021

splenomegaly
equine piroplasmosis, 979
immune-mediated hemolytic anemia,

982
splint bone fractures see metatarsal

diseases/disorders
splints see metatarsal diseases/disorders
split sample analysis, drug testing, 1255
spondylosis, back diseases/disorders, 464
spongy (trabecular) bone, 119
sport horses, prepurchase examination,

1214–1217
endoscopy, 1210

‘sports anemia,’ 867
sprint training

acid–base balance, 888–889
fiber type changes, 67–69
muscle changes, 70

squamous mucosal ulceration, equine
gastric ulcer syndrome, 1038

stable flies (Stomoxys calcitrans),
1164–1165
equine infectious anemia transmission,

978
stable staff, disease prevention

responsibilities, 1054
staleness, 846–847
stallion rings, fertility effects, 1198
stallions

behavior control, 1195–1197
immunomodulation, 1196–1197
pharmacology, 1196
surgical castration, 1195–1196

reproductive therapy, 1197
stall rest

collateral ligament injuries, 372, 396
gastrocnemius desmitis, 408
osteochondrosis dissecans of tarsus,

392
stress fractures, 1058
superficial digital flexor tendinitis, 

408
tarsal fractures, 400
tarsal luxations, 396
Thoroughbred race horses, 1058
vertebral fracture therapy, 527

stance phase
definition, 217
definitions, 234–235
diagonal, 217
forelimb lameness detection, 235
lateral, 217
normal horse, 234–235
unipodal, 217

Standardbred horses
aerobic capacity (VO2max), 781, 781
breed origins, 1073
digestible energy requirements, 816
diseases/disorders see Standardbred

horses, diseases/disorders 
equipment, 1075–1076

bits, 1076, 1078
boots, 1076, 1079
bridles, 1076, 1077
harness, 1075–1076, 1076
hobbles, 1075, 1075
martingales, 1075–1076, 1076

exercise effects, enzyme changes, 
704

gait, 1074–1075
line-gaiting, 1074, 1074
pacing, 1074, 1074–1075
passing-gaiting, 1074, 1074
trotting, 1074, 1074–1075

genetic aspects of performance,
1073–1074
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Standardbred horses cont’d.
muscle fiber types, 879
overtraining, 1083
physiological limitations, 7
prepurchase examination, 1213–1214

endoscopy, 1211, 1213
racing, 1074, 1074–1075, 1076–1077

muscle fiber type, 63
times, 1074

red cell hypovolemia see red cell
hypervolemia 

reference values
hematology, 1295
iron, 973
leukograms, 1297
serum biochemistry, 1300–1301

speeds, 3
training, 1077–1083

enzyme changes, 704
heart rate measurements, 1082
intensity of work, 1078
interval/tapered, 1081,

1081–1083, 1082
locomotion changes, 221–222
traditional, 1077–1081, 1079,

1080
see also harness racing

Standardbred horses, diseases/disorders
acid–base balance, 882
forelimb lameness, 1085–1087

carpus, 1086–1087
desmitis, 1086
foot, 1085
pastern/fetlock, 1085–1086
tendinitis, 1086

gait
hock hitting, 1074–1075, 1075
interference, 1074–1075, 1075,

1088
scalping, 1074–1075, 1075
shin-hitting, 1074–1075, 1075
speedy-cutting, 1074–1075, 1075

hindlimb lameness, 1087–1089
diagnostic imaging, 1087
digits, 1087–1088
metatarsal region, 1088
metatarsophalangeal joint, 1088
stifle, 1088–1089
tarsus, 1088

lameness, diagnosis, 249
musculoskeletal, 1084–1089

back diseases/disorders, 441
breed/gait differences, 1084–1085
collateral ligament injuries/tarsal

luxations, 396
condylar fractures

(metacarpus/metatarsus), 334
feet, 262
incidence, 481
lameness, 1084
stifle osteochondrosis dissecans, 

379
tarsal osteoarthritis, 404, 406

tarsal osteochondrosis dissecans,
388, 392

see also individual diseases/disorders
respiratory system, 1083–1084

tongue-tie, 1084, 1084
standard treadmill exercise test (STET)

blood chemistry, 15
blood samples, 14
heart rate, 15
poor performance, 14–16

expected findings, 15, 15–16, 16
pulmonary gas exchange, 15
respiratory noises, 14
upper respiratory tract, 15

staphylectomy
dorsal displacement of the soft palate

therapy, 34, 571
success rates, 572

Staphylococcus, pleuropneumonia, 693
starch, in diet, 890
Starling forces, fluid movement in exercise,

858–859, 859
Starling forces, synovial fluid dynamics,

156
steady-state exercise, 884, 884
steady-state submaximal exercise

acid–base balance, 885–886
bicarbonate buffer system, 885–886,

886
Steinmann pin fixation, vertebral fracture

therapy, 527
stent bandages, patellar fractures, 384
sternohyoideus muscle, 549, 550–551
sternohyoideus myectomy, 34, 571–572

success rates, 572
‘steroid arthopathy,’ 498
steroid drugs see corticosteroids
‘steroid flare,’ 499
steroid hormones, gene activation

mechanisms, 794, 794
steroid letdown disease, 843–844
steroids, anabolic see anabolic steroids
stiffness see muscle diseases/disorders,

pain
stifle, 368–385, 369

anatomy, 368–370, 369, 370
arthroscopy, 196–200, 369

lameness, 199–200
meniscal injuries, 372, 373
osteochondrosis dissecans, 377, 377

diseases/disorders see stifle
diseases/disorders 

flexion tests, 251
intra-articular anesthesia, 257–258
lameness

arthroscopic therapy, 199–200
hindlimb, 1088–1089
Standardbred race horses,

1088–1089
radiography, 1129

changes affecting performance,
1208

prepurchase examination, 1206

ultrasonography, 1129
periarticular remodeling, 170

see also femoropatellar joint;
femorotibial joints

stifle diseases/disorders
collateral ligament injuries, 370–372

therapy, 371–372
effusions, 368
fractures, 382–385

epidemiology, 385
etiology/pathophysiology, 385
examination, 382–383
history/presenting complaint, 382
non-displaced, 384
prevention, 385
therapy, 383–385

muscle atrophy, 368
osteochondrosis dissecans, 375–379

epidemiology, 378–379
etiology/pathophysiology, 378
examination, 375–376
history/presenting complaint, 375
prevention, 378
prognosis, 378
therapy, 377–378

trauma/injuries
anti-inflammatory drugs, 1129
collateral ligament injuries, 370–372
cruciate ligament, 374–375
meniscal injuries, 372–373
polysulfated glycosaminoglycan

therapy, 1129
three-day event horses, 1095

see also patella
‘stocking up,’ 156
Stollis technique, tapeworm infection

diagnosis, 1161
stomach, glandular mucosa, 1037
stomatitis, vesicular, classification, 1229
Stomoxys calcitrans see stable flies (Stomoxys

calcitrans)
strabismus, evaluation, 516, 516
straight sesamoidean ligament (SSL),

tendinitis, 423
strain, definition, 122
strain gauge transducers, intestinal

transit/motility, 1018
strangles see Streptococcus equi infection
stratum lamellatum, 261
‘street nail’ procedure, 274
Streptococcus equi infection, 674–683

diagnostic confirmation, 679
epidemiology, 681–682, 1151
etiology/pathophysiology, 680–681

immune-mediated vasculitis,
763–764

retropharyngeal abscesses, 568
guttural pouch empyema, 675, 675,

676, 677, 677
chondroids, 681, 681
epidemiology, 681
therapy, 680

history/presenting complaint, 674, 1151
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lymphadenitis, 674, 674–675, 675
lymph node abscess, 674

laboratory examination, 677–678
aspirated pus, 677, 677–678

physical examination, 674–677
prevention/therapy, 679, 679–680, 683

control of outbreaks, 682, 682–683
vaccination, 569, 683, 1149, 1151

prognosis, 680
purpura hemorrhagica, 676, 677

therapy, 680
shipping fever, 1242
systemic infection (metastatic strangles),

676, 676
therapy, 680

Streptococcus infections
endocarditis, 745
IAD therapy, 621
pleuropneumonia, 689
retropharyngeal abscesses, 568

Streptococcus pneumoniae infections,
inflammatory airway disease, 684, 685

Streptococcus suis infection, shipping fever,
1242

Streptococcus zooepidemicus infection,
683–686
disease recognition, 683
epidemiology, 685, 685–686
etiology, 684–685
interstitial pneumonia, 645, 647
pleuropneumonia, 693
shipping fever, 1242

streptomycin, adverse reactions, 915
stress

associated diarrhea, 1045–1046
equine gastric ulcer syndrome, 1043
related disease, 1138
response, 1001–1002

stress echocardiography, exercise testing,
16

stress fractures
humerus, 1058
occurrence, 483
pelvis, 467, 1058
sacrum, 1058
scapula, 1058
talus see talus 
therapy, stall rest, 1058
third metacarpal bone, 1058
Thoroughbred race horses, 1058–1059
tibia, 1058

stress remodeling, talus, 399
stress–strain curve, tendons, 135
stress tests

lateral sacroiliac ligament, 456–457
sacroiliac ligament, 456, 456–457

stretching see manipulation
stride

definition, 217
duration, passage vs. piaffe, 225
frequency (SF)

definition, 219
muscle fiber type vs., 63

length (SL)
definition, 219, 233
forelimb lameness diagnosis, 249
heart rate vs., 221
lactate vs., 221
muscle fiber type vs., 63

muscle fiber composition vs., 220–221
velocity-related changes, 219–220

stridor
anesthesia considerations, 1168–1169
RAO, 627

stringhalt, 465
upward fixation/chondromalacia, 381

stroke volume
exercise, 807
heart scores vs., 707
heart size, 704
training effects, 721

strong acid anions, 875–876, 876
strong base cations, 875–876, 876
strong ion difference [SID]

acid–base balance, 876, 883
definition, 876, 876
high-intensity exercise, 884–885, 

885
incremental steady-state exercise, 884,

884
muscle in exercise, 881–882, 882

strong ion gap, definition, 876
strong ions

acid–base balance, 875–876, 877
definition, 876

Strongylus infection, 1159–1160
�-1 globulin, 954, 954
cranial mesenteric parasitic arteritis,

762
diagnosis, 1159
epidemiology, 1159–1160
etiology/pathophysiology, 1159

aneurysms, 761
aortoiliacofemoral thrombosis, 762
ventricular premature systoles, 742

myocardium, diseases of, 759
protein electrophoresis, 954
serum protein levels, 954
therapy, 1158, 1159
transmission, 1159

styloglossus muscle, 549, 549
stylohyoid bone, 549

guttural pouches, 554
stylohyoid muscle, 549
stylohyoidosectomy, 593
stylopharyngeus muscles, 551, 551
subchondral bone

circulation, 153
cysts

femorotibial joints, 200, 200
humerus, 162, 162
lesions, 171, 171, 1208

sclerosis
carpus, 1059
fetlock, 1059

ultrasonography, 171, 171

subclavius muscle, 437
subclinical myopathy (SCM), 39–40

therapy, 40
subepiglottic cysts, 576–577

endoscopy, 577, 577
therapy, 577
Thoroughbred race horses, 1065

subintima (subsynovium), joints, 152
sublumbar muscle group, 437
subluxation see luxation/subluxation
subsolar abscesses see hoof/hooves
substance P, 801, 802

arthritis, 157
sucralfate

equine gastric ulcer syndrome, 1040
right dorsal colitis therapy, 1044

sugar beet pulp (SBP), 825–826
metabolism, 784–785

sulfadiazine
EPM therapy, 525
folate metabolism, effects on, 

987–988
sulfamethoxazale–trimethoprim,

retropharyngeal abscesses therapy, 569
sulfated glycosaminoglycans see

polysulfated glycosaminoglycans
(PSGAGs)

sulfobromophthalein see bromsulfalein
clearance

summation, definition, 7
summer pasture associated obstructive

pulmonary disease (SPAOPD)
differential diagnosis

IAD vs., 619–620
RAO vs., 623

therapy, 628
superficial digital flexor (SDF) tendon,

147–149, 385–386
accessory ligament, 131, 132–133

in arthroscopy, 205
desmotomy, 146, 205–206

anatomy, 131, 132
blood flow, 133
core lesions, ultrasonography, 166,

167
desmotomy, 416, 1060
in endoscopy, 204
energy storage, 130, 132–133
exercise adaptations, 479
injuries/trauma see superficial digital

flexor (SDF) tendon, injuries/trauma 
muscle belly, 133

superficial digital flexor (SDF) tendon,
injuries/trauma, 143, 406–408, 479,
482–483
show horses, 1136
tendinitis see superficial digital flexor

(SDF) tendon, tendinitis 
therapy, 408

beta-aminoproprionate furmarate,
1060

cold therapy, 1136
desmotomy, 146
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exercise rehabilitation programs,
1059–1060

superficial digital flexor (SDF) tendon,
injuries/trauma cont’d.

polysulfated glycosaminoglycans,
1060

sodium hyaluronate, 1060
superior check ligament desmotomy,

1060
therapeutic ultrasound, 1136

Thoroughbred race horses, 1059–1060
ultrasonography, 1059

lesions, 166
superficial digital flexor (SDF) tendon,

tendinitis, 143, 144, 412–416
differential diagnosis, 413–414
etiology/pathophysiology, 416

carpal sheath synovitis, 413
distal sheath synovitis, 413

examination, 412–414
thermography, 175
ultrasonography, 413, 414, 414

exercise protocols, 415
history/presenting complaint, 412
prevention, 416
prognosis, 416
Standardbred race horses, 1086
therapy, 415–416

superficial fibular nerve, anatomy, 255
superficial gluteal muscle, 437
superficial pectoral muscle, 437
superficial short medial collateral ligament

(tarsus), 388
superior check ligament see superficial

digital flexor (SDF) tendon, accessory
ligament

supplements see dietary supplements
suprasesamoidean tendinopathy, deep

digital flexor tendon, 171, 172
supraspinous bursa, examination,

451–452
supraspinous ligament

trauma/injury, 462–463
ultrasonography, 461

supraventricular extrasystoles, 37–38
electrocardiography, 37, 37–38, 38
therapy/prognosis, 38

supraventricular premature systoles,
737–739
electrocardiography, 737, 738
physical examination, 737–738
therapy, 738–739

suspension-phase
definition, 217
duration, forelimb lameness detection,

235
suspensory branch desmitis, 1086
suspensory ligament (SL)

anatomy, 131, 132
chronic proximal enthesopathy, 175,

180
nuclear scintigraphy, 180

desmitis, 420–421

endurance horses, 1110–1111
polo ponies, 1120
radiography, 1110, 1126
therapy, 1111, 1127
ultrasonography, 174, 1110, 1126
Western performance horses,

1126–1127, 1127
energy storage, 130, 133
exercise adaptations, 479
injuries/trauma, 143, 482

polo ponies, 1120
show horses, 1137
therapy, 146, 1060, 1137
Thoroughbred race horses, 1060
ultrasonography, 1060

nuclear scintigraphy, 180
rupture, 298–299
thermography, 175

sustentaculum tali, injuries, 206, 206
sweat/sweating

acid–base balance regulation, 873
characteristics, 898
dehydration, 838
electrolyte concentrations, 838, 856,

908, 921, 922
during exercise, 861

electrolyte losses, 860, 906–907
calcium, 861
chloride, 861, 865
magnesium, 861
sodium, 860, 861

environment effects, 860–861
exercise effects, 859–860, 860–861
formation/regulation, 859–860,

921–922
epinephrine, 921–922
hormones, 859–860

hypertonic, 856, 860
metabolic alkalosis, 861
volumes, 860–861
see also electrolyte balance; evaporative

cooling; fluid balance;
thermoregulation

swimming, 535
dorsal metacarpal disease, 1058
Thoroughbred race horse training, 1056

swing-phase
definition, 217
duration, 235
forelimb lameness diagnosis, 236, 237,

237, 249
duration, 235

normal horse, 236, 237
symmetric gaits, 217, 218, 218–219
sympathetic nervous system

exercise effects, 1016–1017
heart rate, effect on, 712
respiratory system, 600

sympatholytics, 1279–1280
sympathomimetics, 1277–1279
synchronous diaphragmatic flutter (SDF:

thumps), 839–840, 910–912
endurance horses, 1110

epidemiology, 912
etiology/pathophysiology, 911, 912

hypochloremic metabolic alkalosis,
912, 912

ionized hypercalcemia, 912
ionized hypocalcemia, 911, 912

heat exhaustion, 931
history/presenting complaint, 910, 1110
laboratory examination, 911
physical examination, 910–911
prevention, 911–912
prognosis, 1110
therapy, 911, 1110

Synovex-S implants, estrus prevention,
1194–1195

synovial fibroblasts, 152, 153
synovial fistulae, periarticular disease, 365
‘synovial flare,’ polysulfated

glycosaminoglycans, 502–503
synovial fluid

analysis, tarsal fractures/osteitis, 399
dynamics

hyaluronan, 156
joints, 154–155, 155, 155–156
markers, 156
Starling forces, 156

synovial masses, 205, 205
synovial membrane, 152, 153
synovial sheaths, digital flexor tendons,

133
synovial villus, circulation, 154
synovia, wound assessment, 1184
synovitis, 349–351

fetlock joint, 299–301
metacarpophalangeal joint, 1086
proliferative see proliferative

(villonodular) synovitis 
therapy, 350
traumatic, 299–301
ultrasonography, 168, 168
villonodular see proliferative

(villonodular) synovitis 

T
Tabanus (horse flies) see horse flies (Tabanus)
tachypnea, anhidrosis, 929
tack

injuries
endurance horses, 1112–1113
therapy, 1112

modification, dorsal displacement of the
soft palate therapy, 571

‘tail pull test,’ prepurchase examination,
1203

talus, 399
stress fractures, 399

osteochondrosis dissecans of the
tarsus, 390

tapeworm infections, 1157, 1161–1162
therapy/control, 1161

tarsal diseases/disorders
arthritis/inflammation, 1127–1128
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collateral ligament injuries/luxations,
393–396
epidemiology, 396
etiology/pathophysiology, 396
examination, 393–394
history/presenting complaint, 393
therapy, 395–396

fractures/osteitis, 397–402
central bone, 162, 162
comminuted, 401
diagnostic confirmation, 399–400
epidemiology, 402
etiology/pathophysiology, 402
examination, 397–399
history/presenting complaint, 397
prevention, 402
prognosis, 402
soft tissue rehabilitation, 401–402
therapy, 400–402

lameness, hindlimb, 1088
osteoarthritis, 402–406

epidemiology, 406
etiology/pathophysiology, 406
examination, 403–404
history/presenting complaint,

402–403
prevention, 406
radiography, 403, 403–404
therapy, 404–406

osteochondrosis dissecans, 388,
390–393, 391
arthroscopy, 392
epidemiology, 393
etiology/pathophysiology, 393
examination, 390–391
history/presenting complaint, 390
prevention, 393
prognosis, 392–393
Standardbred race horses, 1088
therapy, 392

Standardbred race horses, 1088
tendon injuries, 406–408

tenoscopy, 206
tenosynovitis, 206
therapy, 206, 408

Western performance horses,
1127–1128

tarsocrucial (tibiotarsal) joint
articular cartilage, ultrasonography,

170
intra-articular anesthesia, 257

tarsometatarsal joint, intra-articular
anesthesia, 257

tarsurocranial arthropathy, Standardbred
race horses, 1088

tarsus, 385–408
anatomy, 385–387, 386, 387, 388,

389
tendons/ligaments, 386

disorders see tarsal diseases/disorders 
flexion in lameness, 241–242
intra-articular anesthesia, 257
radiography, 162, 162

changes affecting performance,
1208

inflammation/arthritis, 1128
prepurchase examination, 1206

T-cells
cytotoxic

exercise/training effects, 1000, 1002
geriatric horses, 1140

helper
exercise/training effects, 1000,

1002, 1003
geriatric horses, 1140
type 2 (Th2), 631

team roping, orthopedic injury, 476
team veterinarian, endurance horses, 1107
teeth

anatomy, 1027–1028
dentition, 1028
disease see oral/dental disease 
structure, 1028

telemetric electrocardiography, 21–22, 22,
32

telemetric pneumotracheotomy, 23–24
temperament

back diseases/disorders, 442–443
recurrent exertional rhabdomyolysis,

90
temporal parameters, forelimb lameness

detection, 234–236
temporary residency, quarantine controls,

1236
temporohyoid osteoarthropathy, 592–593

endoscopy, 593, 593
temporomandibular joint

arthroscopy, 207
degenerative disease, 1035

tendinitis, 412–432
diagnosis, 143–145, 407

ultrasonography, 145, 148
endurance horses, 1111
fetlock joint, 305
fibroplasia, 132
inflammation, 132
lameness, 143

forelimb, 1086
prevention, 147–148
risk factors, 132

reduction, 148
Standardbred race horses, 1086

prepurchase examination, 1213
therapy

extracorporeal shockwave therapy,
536

laser ablation, 535
see also individual tendons

tendon diseases/disorders, 143–146
assessment/diagnosis, 144, 143–145

magnetic resonance imaging, 184
ultrasonography, 168, 169

epidemiology, 131
gross damage, 143
inflammation see tendinitis 
lesions, 168, 169

mechanical failure, 143
molecular markers, 145
pathogenesis, 131–132

asymptomatic lesions, 131, 132
cellular infiltration, 143
preceding degeneration, 131
subacute (fibroblastic) phase, 146

prevention, dalmar support boots, 147
reinjury, 483
repair, 143
tendinopathy

etiology/pathophysiology, 
131–132

ultrasonography, 171, 172
tendon sheath effusions, 248
tenosynovitis

infectious, 306
tarsal sheath, 206

therapy, 146
arthroscopy, 206
pharmacotherapy, 486–514

see also individual drugs
polo ponies, 1120

Thoroughbred race horses, 1054,
1059–1060

see also ligament(s), injury
tendons(s), 130–151

age/exercise effects, 139–142
composition, 141, 142
mechanics, 139–140, 142
metabolism, 141, 142
morphology, 140, 142
strain-induced degeneration, 141
ultrastructure, 140, 142

blood supply, 133
disorders see tendon diseases/disorders 
energy storage, 132, 139
exercise adaptations, 479
functional adaptations, 479
functional characteristics, 138–139

hysteresis, 139, 139
stress–strain curve, 135

morphology, 135
crimp, 134, 134–135, 140

role/definition, 130–131
structure/composition, 132–137

biology, 132–133
cartilage oligomeric matrix protein

see cartilage oligomeric matrix
protein (COMP) 

cells, 133, 133–134, 134
collagen see collagen 
as connective tissue, 133
differences, 137–138
fascicules, 136, 140
hydration levels, 138
matrix, 134
proteoglycans, 137, 142
transforming growth factor-�, 142
tropocollagen, 135

tarsus, 386
see also ligament(s); individual tendons

tenescin-C, in tendons, 137
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tension palatoplasty, dorsal displacement of
the soft palate therapy, 572

tensor fasciae latae muscle, 437
tensor veli palatini muscle, 546, 546,

555–556
terbutaline, 629–630
terminal aorta, thrombosis, 39
terminology, Thoroughbred race horse

training, 1055, 1055
testosterone

allowable limits in competition, 1101
performance effects, 1275
threshold levels, 1263

tetanus, vaccination, 1149, 1152
tetralogy of Fallot, 758

color Doppler echocardiography, 753
two-dimensional echocardiography, 758

thalidomide, right dorsal colitis therapy,
1044

Theileria equi infection see equine
piroplasmosis

Theileria equi, mites as vector, 1164
theileriosis see equine piroplasmosis
T helper (Th) cells see T-cells, helper
theobromine

allowable limits in competition, 1101
in competitions, 1102
drug testing, 1266
threshold levels, 1263, 1263

theophylline, 1282
drug testing, 1266
RAO therapy, 630

therapeutic ultrasound, 533–534
accessory ligament, deep digital flexor

tendon, 1136–1137
back disease/disorder therapy, 470

show horses, 1137
gastrocnemius desmitis, 408
superficial digital flexor tendinitis, 408
superficial flexor tendon injury, 1136
suspensory ligament injury/trauma,

1137
see also heat therapy

therapy veterinarian, endurance horses,
1106–1107

thermal therapy, 532, 532–534
see also cold therapy; heat therapy

Thermoactinomyces vulgaris, recurrent
airway obstruction, 631, 633

thermography, 175–177, 461
back disease/disorder diagnosis, 451

dressage/three day event horses,
1096, 1096

capsulitis, 351
chronic proximal enthesopathy, 175
dorsal metacarpal disease, 320
inflammation detection, 175, 175, 177
lameness diagnosis, 175, 176, 177, 258
limitations, 177
osteoarthritis diagnosis, 177
palmar foot pain, 282
proliferative periostitis

(metacarpus/metatarsus), 336

superficial digital flexor tendon
tendinitis, 175

suspensory ligament, 175
suspensory origin, stress remodeling,

344
thermoregulation, 919–936

associated diseases/disorders, 929–933
see also individual diseases/disorders

carotid artery temperature, 922, 922
convection, 922
environmental effects, 923, 923–924
evaporative cooling, 921

efficiency, 860
fluid/electrolyte losses, 859–860
guttural pouches, 921
thermoregulation, 921
see also sweat/sweating 

geriatric horses, 868, 927–928, 1139
hydration state, 927
hypothalamus, 919
physiologic factors, 924–928

acclimatization, 924, 925–927,
926, 926

age, 927–928
conditioning, 924, 925
hydration state, 909, 927
see also electrolyte(s) 

radiation, 922
training-induced hypervolemia, 866

thiamine, 818–819
thin layer chromatography (TLC)

drug testing, 1254, 1256, 1256–1257
limits of detection, 1256–1257

thiobarbiturates, intravenous anesthesia,
1171

thiocolchicoside, back disease/disorder
therapy, 467

thiopental, anesthesia
induction/maintenance, 1172, 1172

third carpal bone, slab fractures, 191, 191
third metacarpal bone (MC-3)

arthroscopy, 193
condyles, 192

proximal, 164
stress fractures, 1058

dorsal see dorsal cortical stress
fractures of MC-3 

third metatarsal bone (MT-3)
arthroscopy

condyles, 192
osteochondrosis dissecans lesions,

193
proximal aspect fractures, 1087
proximal plantar fractures, 1087
Standardbred race horses, 1087

third phalanx, fracture, 201, 201
thirst, 861–862
thoracic auscultation, recurrent airway

obstruction, 624
thoracic vertebrae

fractures, 526–527
compression, 465

kissing spines, imaging, 165

thoracocentesis, pleuropneumonia, 688
thoracolaryngeal reflex, laryngeal

hemiplegia, 580
thoracolumbar osseous pathology see back

diseases/disorders
thoracolumbar vertebral column, 434,

434, 435
adult anatomy, 459–460
newborn anatomy, 459

thoracotomy, pleuropneumonia therapy,
691, 692

Thoroughbred horses, 1051–1072, 1063
aerobic capacity (VO2max), 781, 781
demographics, 1051–1053

ages, 1051, 1052
risk factor identification, 1053
sex distribution, 1052

digestible energy requirements, 816
diseases/disorders see Thoroughbred

horses, diseases/disorders 
exercise effects, enzyme changes, 704
exercise testing

blood gas data, 603, 604
ventilatory parameters, 603–604,

604
gallop tests, 224
iron, normal values, 973
muscle fiber types, 879
physiological limitations, 7
ponies vs., gas exchange during exercise,

608, 608
prepurchase examination, 1211–1212

three-day eventing, 1214–1215
race performance vs. gait variables, 

224
reference values

hematology, 1295
leukograms, 1297
serum biochemistry, 1300–1301

service provision (veterinarians), 1053
speeds, 3
stride characteristics, fatigue effects,

220
three-day event horses, 1090
training effects

enzyme changes, 704
locomotion changes, 221–222

wastage, 1051–1052
Thoroughbred horses, diseases/disorders

acid–base balance, 882
bone diseases/disorders, 1057–1059

breakdown injury, 1059
condylar fractures

(metacarpus/metatarsus), 334
dorsal metacarpal disease, 1054,

1058
sclerotic subchondral bone lesions,

1059
stress fractures, 1058–1059
third metacarpal dorsal cortical

stress fractures, 1058
training modifications, 1058

cardiovascular system, 1066
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feet diseases/disorders, 262, 1061–1062
gastrointestinal system, 1065–1066
musculoskeletal system, 1052–1053,

1054–1063, 1062–1063
back diseases/disorders, 462, 1063
bandages, 1056
cold therapy, 1056
exercise modification, 1055,

1055–1056
imaging, 1054
infections, 1063
injury incidence, 480–481
interference injuries, 1061–1062,

1062
joints, 1056–1057
lameness, 1052
osteochondrosis dissecans of stifle,

379
palmar foot pain, 281
recurrent exertional rhabdomyolysis,

1062–1063
suspensory ligament injury, 1060
tendon injuries, 1054, 1059–1060

prophylaxis, 1053–1054
respiratory system, 1052, 1063–1065

arytenoid chondritis, 1065
EIPH, 1064
IAD, 1063–1064
intermittent dorsal displacement of

the soft palate, 1065
left laryngeal hemiplegia,

1064–1065
therapy, 1054
see also individual diseases/disorders

three-day event horses, 1090–1104
competition structure, 1091–1092,

1092, 1093
demography, 1093–1094

competing age, 1090
Thoroughbreds, 1090

diseases/disorders see three-day event
horses, diseases/disorders 

equestrian sports governance, 1093
history, 1092–1093
locomotion biomechanics, 226
medications during competition,

1101–1102
physiological limitations, 7
prepurchase examination, 1214–1215
serum biochemistry reference values,

1300–1301
Thoroughbreds, 1214–1215
veterinary services, 1094–1095
World Breeding Federation for Sport

Horses, 1094
see also dressage horses

three-day event horses, diseases/disorders
acid–base balance, 887
behavioral problems, 1099
cardiovascular system, 1098

atrial fibrillation, 1098, 1098
dermatology, 1099
endocrine system, 1099

gastrointestinal system, 1097–1098
metabolism, 1099–1101

anhidrosis, 1099
assisted cooling, 1100–1101
fluid replacement therapy, 1101
heat stroke, 1100
recovery algorithm, 1100

musculoskeletal system, 1095–1097
back pain, 1096–1097
exertional rhabdomyolysis,

1095–1097
neurological system, 1098–1099
ocular diseases/disorders, 1099
respiratory system, 1097

three-dimensional kinematic gait analysis,
211

thrombocytopenia, 953
equine infectious anemia, 978, 979
immune-mediated hemolytic anemia,

982
thrombocytosis, 953
thromboembolic colic, Strongylus, 1158
thrombophlebitis

NSAIDs adverse effects, 494
Thoroughbred race horses, 1066

thrombosis, 39
aortoiliacofemoral, 762–763

thrombospondin 4, in tendons, 137
thrush, 286
thumps (synchronous diaphragmatic

flutter) see synchronous diaphragmatic
flutter (SDF: thumps)

thyroarytenoideus muscle, 552
thyrohyoid bones, 549
thyrohyoideus muscle, 549, 551
thyroid cartilage, larynx, 552
thyroidectomy, hypothyroidism, 841
thyroid gland, 797–798

control/hormone secretion, 841
diseases/disorders, 840–843

see also individual diseases/disorders
see also individual hormones

thyroid-stimulating hormone (TSH), 795,
796, 841

thyropharyngeus muscle, 551
thyrotrophin (TSH), 795, 796, 841
thyrotrophin-releasing hormone (TRH)

stimulation test, 841
Cushing’s disease, 1142

thyroxin (T4), 797–798, 798
hypothyroidism therapy, 842
measurements

hypothyroidism, 841
normal values, 841

secretion, 841
tibia

fractures see tibial fractures 
insertion tenotomy, fibrotic myopathy

therapy, 103
tuberosity, 384

tibial fractures
recommended therapy/prognosis, 1191
stress

distal, 397
osteochondrosis dissecans of the

tarsus, 390
Thoroughbred race horses, 1058

tibial insertion tenotomy, 102, 103
tibial nerve, 255
ticarcillin–clavulanic acid,

pleuropneumonia therapy, 690
ticks, 1164

as equine piroplasmosis vectors, 979,
981

tidal breathing flow volume loops, 545
tidal volume (VT), 600

during exercise, 515, 603
obstructive upper airway disease, 560

tiletamine-zolazepam
anesthesia induction/maintenance,

1172
intravenous anesthesia, 1171

tissue damage, heat therapy, 533
tissue hypoxia, anemia, 967
tobramycin, adverse reactions, 915
�-tocopherol see vitamin E
toelt, 218, 218
tolfenamic acid, chondroprotective effects,

491
tongue, injuries, 1030–1031
tongue tone, neurological examination,

517
tongue-tying, 550

Standardbred race horses, 1084, 1084
total body water (TBW), fluid balance, 853
total iron-binding capacity (TIBC), anemia,

973, 973
total lung capacity (TLC), 600, 600
total peripheral resistance (TPR)

in exercise, 715–717
training effects, 721

total pulmonary resistance (RL), during
exercise, 604–605

total red cell volume, exercise testing, in
field, 28–29

Toxoplasma gondii infection, 1162
trabecular bone, 119–120
definition, 116–117

trace elements see nutrition; individual
elements

trachea, anatomy, 599
tracheal aspirates/washes

EIPH, 35–36, 636
exercise testing, 17
IAD, 35–36, 615
lower respiratory tract disease, 1063
normal values, 17
pleuropneumonia, 688, 689
post-exercise testing, 32
RAO, 624, 626
Thoroughbred race horses, 1063

tracheal expiratory pressure (TEP), upper
airway obstructive disease, 560

tracheal inspiratory pressure (TIP)
during nasal occlusion, 544
upper airway obstructive disease, 560
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tracheal obstructive disease, 594–595
endoscopy, 594, 594
ultrasonography, 594

tracheal stethoscopy, field exercise testing,
30

tracheobronchoscopy, EIPH, 635, 635
tracheostomy, left laryngeal hemiplegia,

1064–1065
tracheotomy, emergency, 568–569
trachlea, stifle, 369
tracks

conditions/ratings, 1055
design, 226, 227
surfaces, 1055

traditional therapies see
alternative/traditional therapies

traditional training programs,
Standardbred race horses, 1077–1081,
1079, 1080

trailing limb, definition, 219
training

acid–base balance see acid–base balance 
blood chemistry see blood chemistry 
bone functional adaptation, 125–126
cardiovascular system and see

cardiovascular system 
cytokine gene expression, 1003
definition, 6
dorsal metacarpal complex therapy, 321
endocrine system and see endocrine

system 
endurance horses, 1114
exercise testing, 24, 24–25, 25
functional adaptations, 478
hematology, 939–948

see also individual components
immune system and see immune system 
locomotion changes, 221–222
metabolic diseases/disorders, 845–848

over-reaching, 845–846
overtraining, 846–847
training-induced polycythemia,

847–848
metabolism response, 782–783
muscle buffering systems, 888–889
muscle fiber composition, 782–783
orthopedic disease, prevention of, 478
physiological responses, 6–7, 610, 610

electrolyte balance, 865, 866–867
fluid balance, 865, 866–867
lactate threshold (VLa4), 721
locomotion biomechanics, 221–222
protein transcription, effects on, 7
urine output, 866–867
water intake, 866

principles, 7
programs

design of, 845
leptin, effects on, 802
Thoroughbred race horses, 1058
see also individual programs

red cell hypervolemia, 992–993
skeletal effects, 127

stress response, 1001–1002
young/immature animals, 146, 147,

148–149
see also exercise

training-induced hypervolemia, 847–848,
866–867
mechanisms, 866, 867
thermoregulation effects, 866

training-induced polycythemia see training-
induced hypervolemia

tranexamic acid, in acute blood loss, 976,
976

tranquilizers, 1280–1281
in competitions, 1102
exertional rhabdomyolysis therapy,

1096
preanesthetic, 1169–1170
recurrent exertional rhabdomyolysis,

1062
stallion behavior modification, 1196

transarterial coil embolization, 590
transcutaneous electrical nerve stimulation

(TENS), 468
transcutaneous lung biopsy, 645
trans-endoscopic laser resection, 34
transforming growth factor-� (TGF-�)

bone matrix, 115
in tendons, 142

age relation, 141
injury therapy, 146

transit markers, gastrointestinal tract tests,
1015

transit times, gastrointestinal tract tests,
1018

transport, 1239–1250
by air see air transport 
biochemistry, effects on, 1246–1247
endurance horses, 1113–1114
energy expenditure, 1245–1246
feed intake, 1239, 1242
fluid intake, 1239, 1242, 1244–1245

dehydration, 1241–1242
fractures/luxations, 1183
gastrointestinal tract effects, 1239,

1242
general recommendations, 1239–1240
heart rate, 1245–1246
hematology, effects on, 1246–1247
hormonal responses, 1247

see also individual hormones
immune function effects, 1248
international see international transport 
musculoskeletal system effects, 1245
performance effects, 1248
pre-existing medical conditions, 1239
previous experience, effects of,

1245–1246
recovery periods, 1239
respiratory tract effects, 1239,

1241–1242
rest stops, 1247–1248
show horses, 1133
weight loss, 1243, 1243–1245

diurnal changes, 1244
journey times, 1243
monitoring, 1239
recovery times, 1242, 1244
road, 1243–1244

transverse fractures, patella, 384
transverse gallop, definition, 219
transverse processes, 434, 436
transversospinalis muscle group, 437
trapezius muscle, 437
trauma see injuries/trauma
traumatic capsulitis/synovititis, fetlock

joint, 299–301
treadmill exercising/tests

endoscopy, 12, 12, 581, 581, 582, 582
aryepiglottic folds, axial deviation,

578, 578
epiglottic retroversion, 576, 576
laryngeal hemiplegia, 581, 581,

582, 582
limitations, 19–20, 772

individual variations, 19, 20
normal exercise vs., 19, 20

locomotion analysis, ground exercise
vs., 215, 215–216, 216

physical therapy, 535
standard treadmill exercise test see

standard treadmill exercise test (STET) 
see also gait analysis

treadmill integrated force measuring
systems, ground reaction forces, 213

Triadon three-digit system, modification,
1028

triamcinolone
dosage regimen, 498
endurance horses, 1115
intra-articular, 497–498
palmar foot pain, 283
pharmacokinetics, 495–496
tarsal osteoarthritis therapy, 404–405

triamcinolone acetonide
onset of action, 495
RAO therapy, 628
side effects, 629

tricuspid regurgitation, 746–747
Doppler echocardiography, 746, 746
heart failure, 748
prevalence, 745
two-dimensional echocardiography,

746, 747
trigeminal nerve (cranial nerve 5),

evaluation, 516, 517
trigger points

back disease/disorder diagnosis, 452
manipulation, 535

triglycerides
in exercise, 777, 778
in muscle, 775, 778
serum levels, 961

tri-iodothyronine (T3), 797–798, 798
measurements, hypothyroidism, 841
normal values, 841
secretion, 841
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trimethoprim–sulfonamide
arytenoid chondritis therapy, 586
immune-mediated hemolytic anemia

etiology, 983
pleuropneumonia therapy, 690
sinusitis therapy, 565
Streptococcus equi infection therapy, 679

trimming, laminitis therapy, 277
‘Triple-drip,’ anesthesia

induction/maintenance, 1172, 1172
trochanteric bursitis, diagnosis, 452
trochlear groove, 368
trochlear nerve (cranial nerve 4),

evaluation, 516
trochlear ridge, 368

fractures, 197
tromethamine, performance effects, 1286
tropocollagen, tendons, 135
tropomyosin, 48–49, 50
troponin I see cardiac troponin I (cTNI)
trot

characteristics, 218, 218–219
dressage horses, 222, 223, 225
kinematic gait analysis, 232
respiratory coupling, 220

trotters, harness see Standardbred horses
trotting (harness trotters), 218–219
‘trot-up’ examinations, Thoroughbred race

horses, 1054
trunk

active assisted range of motion
(AAROM), 450

flexion-extension motion palpation,
455–456

lateral bending motion palpation, 455
T-tubule, 49, 51, 52

muscle contraction, 52–54, 54
tuber coxae movement

hindlimb lameness detection, 239,
239–241, 240

hindlimb lameness diagnosis, 249
normal horse, 240

tuber sacrale
examination, 457
osseous palpation, 454, 454, 465–466

tubular bone, 120
tubular horn, 261
tubular necrosis, acute, 915
turns, Thoroughbred race horse training,

1055–1056
two-dimensional echocardiography

aortic valve regurgitation, 755, 756,
756

exercise testing, 11, 11
mitral regurgitation, 749
pericardial diseases, 760
tetralogy of Fallot, 758
tricuspid regurgitation, 746, 747
ventricular septal defect, 753, 753–754

two-dimensional electrophoresis, tendon
injury markers, 145

two-dimensional kinematic gait analysis,
212

tying up see exertional rhabdomyolysis 
(ER)

typhlotomy, cecal emptying defect therapy,
1045

U
ulcerative colitis, 494
ulcers/ulceration

cornea, 517
gastric see equine gastric ulcer

syndrome (EGUS) 
gastroduodenal ulcer disease (GDUD),

1037–1038
phenylbutazone side effects, 494

ulnar nerve, anatomy, 255
ultimate tensile strength, tendons, 138
ultimate tensile stress, tendons, 138
Ultimate Wedge shoe, laminitis therapy,

276
ultrasonography, 166–175

advantages, 166, 167–168, 168, 170
disadvantages, 174–175
gastrointestinal system

gastric motility/emptying, 1017
right dorsal colitis, 1043

history, 166
immune-mediated hemolytic anemia,

982
joint conditions, 168

capsule lesions, 168, 169
chronic proliferative synovitis, 168,

168
fetlock capsulitis, 169
lumbrosacral disk degenerative

disease, 173, 174
lumbrosacral subluxation, 174
medial meniscus, 168, 169
proliferative periostitis

(metacarpus/metatarsus), 336
synovitis, 168, 168

lameness diagnosis, 171, 173, 258
musculoskeletal diseases/disorders

back problems see back
diseases/disorders, diagnosis 

bone remodeling, 165, 168
distal sheath syndrome, 429, 429
dorsal spinal processes, 453–454
periarticular bone proliferation, 165
proximal third interosseous

enthesopathy, 164
small metacarpal/metatarsal bone

fractures, 340
soft tissue injuries, 166, 166, 167
subchondral bone, 171, 171
subchondral cystic lesions, 171, 171
suspensory origin, stress remodeling,

344
tarsal osteoarthritis, 404
Thoroughbred race horses, 1054

prepurchase examination, 1210
respiratory system

lower tract disease, 1063

pleuropneumonia, 687, 687–688
tracheal obstructive disease, 594

stifle diseases/disorders, 369–370, 371,
1129
fractures, 383
meniscal injuries, 371, 372
osteochondrosis dissecans, 376

tendons/ligaments
biceps brachii, 425, 426
chronic desmopathies, 168, 168
collateral ligament injuries/tarsal

luxations, 394
core lesions, 166, 167, 168, 169
cruciate ligament injuries, 374
deep digital flexor tendon, 171, 172,

417, 417, 419
desmitis, 174, 380, 419, 465, 1110,

1126
desmopathy, 168, 171, 173
distal impar sesamoidean, 171, 173
dorsal sacroiliac ligament, 461
fetlock medial collateral ligament,

168
gastrocnemius/superficial digital

flexor tendon injuries, 407
long digital extensor tendon, 422,

422
patellar ligament, 380
sacroiliac ligament, 465
superficial digital flexor tendon, 166,

167, 413, 414, 414, 1059
supraspinous ligament, 461
suspensory ligament, 174, 1060,

1110, 1126
tendinitis, 145, 148, 413, 414, 414,

422, 422, 425, 426
underrun heels

feet, diseases/disorders, 263, 284–285
Thoroughbred race horses, 1061

Uniform Classification Guideline for Foreign
Substances, Association of Racing
Commissioners’ International,
1261–1262

unipodal stance phase, 217
United Arab Emirates, Ministry of

Agriculture and Fisheries, 1236
United Kingdom (UK)

Department for the Environment, Food
and Rural Affairs, 1236

orthopedic injury incidence, 480, 481
United States (USA)

Department of Agriculture, 1236
orthopedic injury incidence, 480, 481

United States Polo Association, 1118
pony definition, 1119

unjointed bits, 1078
unjointed rubber bits, 1078
unmeasured anions, definition, 876
upper respiratory tract

anatomy/function, 545–552
chemical receptors, 544
diseases/disorders, 32–35, 559–598

epiglottitis, 579

1361
Index



upper respiratory tract cont’d.
mechanics/blood gas measurements,

560
obstruction, head position, 542
Thoroughbred horses, 1064–1065
see also individual diseases/disorders

drive receptors, 544
examination at resting, 12
during exercise, 541–558
flow receptors, 544
head position, 542
mechanics, 542

electromyography, 545
measurement techniques, 544–545
pneumotachography, 545
spectrograms, 545

neuromuscular control, 542–544
nasal occlusion, 544

pressure receptors, 543
sensory receptors, 544
standard treadmill exercise tests, 15
see also individual components

upright hoof, 285, 285
urea, 960

metabolism, 818
urea nitrogen, anemia, 972
uric acid

exercise testing, 26
levels during exercise, 777–778

uridine diphosphoglucose dehydrogenase,
synovial fibroblasts, 152

urinary fractional electrolyte clearance
rations, 960

urine/urinalysis
acute exertional rhabdomyolysis, 82
acute renal failure, 913–914
anemia diagnosis, 972–973
drug testing, 1254
during exercise

flow, 863, 865
osmolality, 865
pH, 865

training effects, output, 866–867
USA Equestrian, 1093

drug analysis, 1255
drug/medication rules, 1262
drugs, attitude to, 1102

V
vaccinations, 1148–1156, 1149

Eastern equine encephalomyelitis,
1149, 1152

EPM, 1149, 1153
equine arteritis virus, 665, 670, 1149,

1153
equine herpesvirus, 665, 1149,

1150–1151
influenza virus, 665, 668, 1149, 1150
international transport, 1233
Potomac horse fever, 1149, 1153
programs, 1148–1149
quarantine controls, 1235

rabies, 1149, 1151
Streptococcus equi infection, 683, 1149,

1151
tetanus, 1149, 1152
Thoroughbred race horses, 1053–1054
viral respiratory tract infections,

663–664, 665–666
Western equine encephalomyelitis,

1149, 1152
West Nile virus, 1149, 1152–1153

vagus nerve (cranial nerve 10), 554–555
evaluation, 517

valeric acid, equine gastric ulcer syndrome,
1042

valvular regurgitation, 38–39
vascular cell adhesion molecule (VCAM-1),

synovial fibroblasts, 153
vascular resistance, lung

circulation/microcirculation, 710
vascular space, 853–854
vasculitis, immune-mediated, 763
vasoactive intestinal polypeptide (VIP),

801, 802
exercise effects, 1017
mechanical release, 1021
splenic contraction, 1020

vasodilator drugs
laminitis therapy, 276
renal, 915

vasopressin see arginine vasopressin 
(AVP)

vegetative endocarditis, 758
ventilation, post-anesthesia, 1175, 1175
ventilation-to-perfusion mismatch,

exercise-induced arterial hypoxemia,
713

ventilatory output, lower respiratory tract,
exercise, 603–604

Ventipulmin see clenbuterol (Ventipulmin)
ventral longitudinal ligament, 436
ventral spondylosis, radiography, 165
ventral stabilization, cervical stenotic

myelopathy therapy, 523
ventricular cordectomy, laryngeal

hemiplegia therapy, 33
ventricular extrasystoles, 37–38
ventricular fibrillation, 739, 740
ventricular premature depolarizations

(VPDs)
dehydration, 910
detection in exercise testing, 12

ventricular premature systoles, 739–742
echocardiography, 740
electrocardiography, 740, 740, 741
etiology/pathophysiology, 742
history, 739
physical examination, 739–740
prepurchase examination, 1205
prognosis, 742
Strongylus infection, 742
therapy, 741

ventricular saculectomy, laryngeal
hemiplegia therapy, 33

ventricular septal defect (VSD), 39,
752–755, 757
epidemiology, 755
etiology/pathophysiology, 755
examination, 753–754

color Doppler echocardiography, 
753

post-mortem, 754
two-dimensional echocardiography,

753, 753
heart murmurs, 752
history, 752–753
prognosis, 754
therapy, 754

ventricular tachycardia, 37–38
anti-arrhythmic drug therapy, 38
see also supraventricular extrasystoles

ventriculectomy, 582–583, 583
ventriculochordectomy, 583
ventriculocordectomy, 583
verminous arteritis, Strongylus, 1158
vertebrae

anomalies/deformities, 462
bodies, 435
cervical see cervical vertebrae 
fractures, 464–465

cerebrospinal fluid hemorrhage,
527, 527

compression, 465
diagnosis, 527
end-plate, 465
therapy, 527

lamina stress fractures, 464
lumbar, 434, 1058
lumbosacral, 435, 436, 466

disk degeneration, 173, 174
subluxation, 174

thoracic see thoracic vertebrae 
vertebral motion segment, 434
vertical head movement

forelimb lameness detection, 233–234,
234, 235, 236

normal horse, 233, 233–234
vertical pelvic movement

hindlimb lameness detection, 237–239,
238, 239

normal horse, 237–238, 238
very-low density lipoproteins (VLDLs),

levels during exercise, 777
vesicular stomatitis, classification, 1229
vessel thrombosis, 39
vestibular dysfunction, neurological

evaluation, 517
vestibulocochlear nerve (cranial nerve 8),

554
evaluation, 516–517

veterinarians
control, 1106
dressage horses, 1094–1095
endurance horses, 1106–1107, 1107
international transport, 1232–1233
prepurchase examination record, 1202,

1204, 1222–1224
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show horses (hunters/jumpers),
1133–1134

team, 1107
therapy, 1106–1107

vet gates, endurance horses, 1107
Viagra see sildenafil
villonodular synovitis see proliferative

(villonodular) synovitis
viral encephalitis, differential diagnosis,

524
viral infections

encephalitides, cranial nerve
abnormalities, 516

leukocyte abnormalities, 952, 952, 953
respiratory see viral infections,

respiratory tract 
see also specific infections

viral infections, respiratory tract, 657–673
bacterial infection synergy, 660, 660
clinical signs, 659, 659–661
epidemiology, 657
etiology, 657–659, 661
importance, 657
incidence, 659
laboratory diagnosis, 661–662
non-infectious respiratory diseases,

exacerbation of, 658
prevention/therapy, 662–665, 663–666

antibacterial agents, 662–663
antiviral agents, 662–663
barrier nursing, 664–665
cleaning/disinfection, 664–665
housing/facility design, 665
rest, 662
vaccination, 663–664, 665–666

see also vaccinations; individual infections
virus-associated myocarditis, 760
viruses

IAD therapy, 621
isolation, viral respiratory tract

infections, 661
viscosity, hyaluronan, 156
vital capacity, 600–601
vitamin A, cervical stenotic myelopathy

therapy, 523
vitamin B, 818–819
vitamin B6, 818–819
vitamin B12 (cobalamin), 819

deficiency, anemia, 974, 987–988
vitamin C, 819, 820

EIPH therapy, 641
in exercise, 820–821
Heinz body hemolytic anemia therapy,

984
manufacture, 820

vitamin D
acute renal failure, 915
deficiency, osteochondrosis dissecans of

tarsus, 392
vitamin E, 819, 820

daily intake, recommendations, 820
equine degenerative

myeloencephalopathy, 528

exertional rhabdomyolysis syndromes,
84

levels, back diseases/disorders,
diagnosis, 448

supplementation
anhidrosis therapy, 930
cervical stenotic myelopathy therapy,

523
equine degenerative

myeloencephalopathy therapy,
528

vitamin K3, acute renal failure, 915
vitamin K, EIPH therapy, 641
vitamins

allowable limits in competition, 1101
effects/functions, 818–819
nutritional therapy see nutrition 
see also individual vitamins

VLa4 see lactate threshold (VLa4)
VO2max see aerobic capacity (VO2max)
volatile fatty acids (VFAs)

equine gastric ulcer syndrome, 1042
production by fermentation, 1014

W
walk (gait)

characteristics, 218, 218
dressage, 218, 222, 226

walking
lameness, diagnosis, 249
Thoroughbred race horse training, 1056

‘walking on egg-shells,’ laminitis, 275
warfarin, laminitis therapy, 910
warm agglutinin, immune-mediated

hemolytic anemia, 982
Warmbloods

diseases/disorders
feet, 262
osteochondrosis dissecans of stifle,

379
osteochondrosis dissecans of tarsus,

388, 392
palmar foot pain, 281
see also individual diseases/disorders

as dressage horses, 1094
muscle tonicity, 452
prepurchase examination, 1215–1216

warm-up
aerobic capacity, 779–780, 780
glycogenolysis, 779
hormones, 779
lipolysis, 779
metabolism effects see metabolism,

exercise response 
warm water, 533
water

intake
recommendations, 862
training effects, 866

nutritional therapy, 821
vapor therapy, EIPH therapy, 641
see also fluids

weak acids/bases, 876–878, 877
web-seated shoes, feet/hoof injuries, 1061
weight see bodyweight
Western blots

equine piroplasmosis, 981
Sarcocystis neurona, 524

Western equine encephalomyelitis,
vaccination, 1149, 1152

Western performance horses, 1123–1130
demographics, 1123
forelimb lameness, 1125–1127

laminitis, 1125
navicular syndrome, 1125–1126
palmar heel pain, 1125–1126
suspensory ligament desmitis,

1126–1127
hindlimb lameness, 1127–1129

stifle, 1128–1129
suspensory ligament desmitis, 1127
tarsus, arthritis/inflammation,

1127–1128
HYPP see hyperkalemic periodic

paralysis (HYPP) 
musculoskeletal diseases, 1124–1129

back diseases/disorders, 441
examination, 1124
imaging, 1124–1125
see also individual diseases/disorders

orthopedic injury, rodeo, 476
prepurchase examination, 1216–1217
see also barrel racing horses; Quarter

Horses; Western pleasure horses
Western pleasure horses

confirmation/sizes, 1124
prepurchase examination, 1217
tarsal osteoarthritis, 404
see also Western performance horses

West Nile virus, vaccination, 1149,
1152–1153

‘wheel’ gallop, 224
white cell count (WCC)

anesthesia considerations, 1169
reference values, 1297–1298
right dorsal colitis, 1043
transport, 1246
see also leukocyte(s)

white line, feet examination, 265
wide-web shoes, forelimb lameness, 1085
‘wind-puffs,’ distal sheath syndrome, 429
wire bits, Standardbred race horses, 1078
wither motion palpation, back

disease/disorder diagnosis, 455
withers

active assisted range of motion, 450
active assisted range of motion

(AAROM), 450
examination, 457

wobbler heels, 518
wobbler’s syndrome see cervical stenotic

myelopathy
Wolff ’s concepts, bone functional

adaptation, 122
wolf teeth see oral/dental disease
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World Breeding Federation for Sport
Horses, dressage/three day event horses,
1094

World Trade Organization
contact details, 1236
international transport, 1229

wounds, 1184–1186
assessment, 1184–1185
emergency therapy, 1185–1186
healing, NSAIDs adverse effects, 494
therapy, laser ablation, 535
see also injuries/trauma

X
xylazine

colic therapy, 1109, 1115

endurance horses, 1109, 1115
exertional rhabdomyolysis, 1109
intravenous anesthesia, 1171
performance effects, 1281
as preanesthetic, 1169, 1170
sedation, emergency, 1177
as sedative, 616, 636, 1179
tarsal osteoarthritis therapy, 

405–406
xylose absorption tests, 960

Y
yearlings, prepurchase examination,

1211–1212, 1214
yohimbine, cecal emptying defect therapy,

1045

Young’s modulus of elasticity, tendons, 
138

Z
zinc

daily intake recommendations, 819
excess, osteochondrosis dissecans of

tarsus, 392
zygapophyseal joints

capsule, 435–436
degeneration, 463
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