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Preface

As the knowledge of equine radiology and radiography progressed, the
need for a textbook specifically in this field became more obvious. We set
out with the intention of creating such a book, but more particularly a book
that would be of practical help to general practitioners, as well as providing
specialist information. The authors all practise equine radiography and
radiology daily, and we have pooled our knowledge to write a book by
consensus, rather than a multiauthor text with chapters contributed by
different people. There is no doubt that writing this way has tested the
patience and endurance of us all, but we hope that it has enhanced the value
of the book to the reader.

This second edition of the book has been significantly enlarged to
include new information, to provide additional illustrations and line dia-
grams, and to incorporate the most recent relevant literature references.
The authors have collectively gained considerably more experience in a
variety of clinical situations, and in some instances have changed their opin-
ions in the light of new knowledge; the text has been updated accordingly.

The authors recognize that there have also been advances in other com-
plementary imaging techniques such as nuclear scintigraphy, diagnostic
ultrasonography, magnetic resonance imaging and computed tomography.
Where appropriate, brief references have been made to these techniques,
but the authors have continued to focus the text on radiography and
radiology, and advise the reader to consult other more specialized texts for
information on these methods.

We would particularly like to thank J. G. Lane, BvetMed, DES, FRCVS, of the
University of Bristol, and I. G. Mayhew, BVsc, DipOVC, PhD, MRCVS, DACVIM, Of
the University of Edinburgh, for their assistance in reading and providing
specialist advice on parts of the text.

Radiographs have been provided primarily from the Animal Health
Trust, and the Faculty of Veterinary Medicine, University of Florida. We also
thank the School of Veterinary Science, University of Bristol, for several
radiographs of the head, and the College of Veterinary Medicine, Swedish
University of Agricultural Sciences, Uppsala, for a number of radiographs
of the thorax and feet. We thank J. Weaver, S. Stover and T. O’Brien
(University of California, Davis) and the Equine Veterinary Journal for
figures illustrating soft tissue attachments in the fetlock and pastern regions.
Finally we must thank D. R. Ellis, BvetMed, DEO, FRCVS (Greenwood, Ellis and
Partners, Newmarket), M. Nowak pvMm (Tierklinik Hochmoor), P. Dixon
MVB, PhD, MRCVS (University of Edinburgh) and E. Santschi, bvm (Peterson
and Smith, Florida) for providing radiographs of a number of conditions
that other archives could not provide.
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Jan Butler, Chris Colles,
Sue Dyson, Svend Kold
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Chapter 1
General Principles

INTRODUCTION

There are many books which describe the principles of radiographic
imaging. This book does not attempt to provide detailed information in this
area, and readers who do not have a working knowledge of radiography
are advised to consult one of the standard texts in order to obtain the
necessary understanding of radiographic physics. This book does aim to
provide up to date information specific to the horse. As various forms of
competitive and pleasure riding become more popular, the demand on
veterinarians to provide the highest quality of treatment is increasing.
Radiography of the horse in sickness as well as in health, for insurance
and purchase examinations, is increasing. The book is intended for all who
radiograph horses, be they equine specialist, general practitioner or student.
It gives information on radiographic techniques, equipment, positioning,
and views required to visualize the various areas of the horse adequately. It
also provides information on the normal radiographic anatomy of the imma-
ture and skeletally mature horse, variations, and incidental findings. Finally
it gives information on the types of lesion that may be detected, with
examples of as many of the more common problems as practicable, as
well as brief clinical remarks where appropriate. The ‘Further reading’ lists
at the end of each chapter are not intended to be complete lists of every
paper written on the subject of the chapter. They list references that the
authors consider of particular interest, and that are complementary to the
text. Many of these references give more detailed information in specific
areas than can be justified in a textbook of this type.

Interpreting the clinical significance of radiographic changes is always
difficult. We set out to indicate certain lesions which may always be regarded
as clinically significant, and some which are known to have no clinical
significance. The section in each chapter on ‘Normal variation and inciden-
tal findings’ attempts to differentiate between variations which have no
clinical significance at any time (e.g. unossified radiolucent lines in the
fibula) and those that may be clinically significant for a specific but limited
period of time, and therefore require further clinical investigation to
determine their significance (e.g. entheseophyte formation). The radiograph
is only a reflection of the state of the tissues at the fraction of a second when
they were radiographed. There are many findings which indicate a past
event that has ‘left its mark’, but which is no longer clinically significant.
For example, entheseophyte formation at the insertion of a ligament may
indicate a sprain to that ligament at some time in the past. As entheseo-
phytes take time to form, once they are visible on radiographs they no
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longer represent an acute injury, but are the result of an incident which
occurred at least several weeks previously.

Radiography is a continually developing science, and as more powerful
and sophisticated equipment becomes generally available, the diagnostic
possibilities for veterinary practitioners become ever greater. It is hoped
that this book will enable veterinarians to get the best out of their
equipment, to obtain diagnostic radiographs, and to give a correct and
meaningful diagnosis from the radiographs. The information in the text
where possible has been collated from the literature, and complemented by
the authors’ experiences. In some areas, however, there is no published
work, or published information is contradictory. In these circumstances the
authors have relied on their own collective experience, but have only
presented information if all the authors are in agreement. (For example,
reported physeal closure times for some physes vary widely between texts.
The times given are based on the authors’ experience of radiographic
closure, in some cases backed up by radiographic examinations of animals
specifically to aid completion of this text.) The authors are experienced
clinicians who routinely obtain and read equine radiographs, and it is hoped
that the broad range of experience which they offer to the reader will prove
to be of practical value. It is important to remember that, as radiography is
a developing science, ‘new’ lesions and radiographic views are continually
being found and described, and no text can hope to be complete when
published, let alone as time progresses.

This text has made use of current terminology. Nomina Anatomica Vet-
erinaria (3rd edition, 1983) was consulted for anatomical names. Radio-
logical views are described using the method advocated by the American
College of Veterinary Radiologists. Reference to Figure 1.1 may help to
elucidate the current terminology used. While at first sight this may
appear cumbersome, it does provide a specific description of the views,
which allows them to be reproduced accurately. Terminology in common
usage is included in parentheses and serves only to maintain continuity with
other texts and references. A glossary (Appendix C) is also included and
lists former and current scientific terminology as well as common lay terms.

We have not set out to provide radiographs of every variation of all
lesions. Rather we have given typical examples of lesions, and in the text
have indicated how these may vary. We also hope that the reader will use
this text as a basis to understand why certain types of lesions form, and the
processes that are likely to cause them, so that an inexhaustible supply of
radiographic variations would be superfluous. Although we have done
our utmost to find radiographs that reproduce well, we ask the reader to
remember that inevitably some detail is lost in the process of transferring
radiographs to print, and in some cases the lesions depicted are far easier
to detect on original films.

PRINCIPLES OF RADIOLOGY

The following paragraphs serve only as a reintroduction to the subjects of
image production and differentiation. For more detailed information the
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reader is referred to the standard radiology texts. It is important that any
radiograph is of maximum quality and yields sufficient detail to allow subtle
radiographic lesions to be detected.

An x-ray beam is produced by acceleration of electrons onto a tungsten
target. An image is created by the x-rays that penetrate an object placed in
the path of the x-ray beam. This image is dependent, in part, on the total
number of x-rays produced (milliamperage multiplied by the time of the
exposure in seconds, mAs), the distance from the focal spot of the x-ray
tube to the film (focal-film distance, FFD), and the ability of the x-rays
to penetrate the tissue, which is dependent upon kilovoltage (kV) or kilo-
voltage peak (kVp).

Other important variables include the type of film being used and the
compatibility of the screens, which intensify the image. The large number
of film and screen combinations available makes a discussion of this
subject beyond the scope of this book. The clinician should rely on a
veterinary radiologist or knowledgeable sales person to help decide
which film-screen combination is best suited to the x-ray machine and
the practice, although Appendix B gives some guidelines. With a high output
x-ray machine (100kV, toomAs) it is well worthwhile investing in high
definition screens, for use with single emulsion, relatively slow film for
distal extremity work. This will give the best quality detail. This system is
unsuitable for low output machines, because exposure times would be too
long, resulting in loss of definition through movement blur. Rare earth
screens are essential for obtaining high quality images proximal to the
carpus and tarsus. Old screens are like old horses, they collect scars and lose
performance as they age, and some should be replaced on a regular basis
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Figure 1.1 Correct nomenclature to
describe various aspects of the horse.
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in order to obtain the optimum level of performance. It is also important
that screens are cleaned regularly, to prevent the build-up of dust and
extraneous materials within the cassette, which results in white spots and
lines on processed films.

The image produced on the x-ray film is dependent on the ability of
the x-ray beam to penetrate a given volume of a specific tissue. It is more
difficult to penetrate bone than air, and therefore less x-rays will reach the
film if they have to penetrate bone rather than air. The areas of film exposed
to unobstructed x-rays will be black, whereas the areas protected by bone,
which absorbs or deflects a proportion of the x-rays, will be relatively white
and unexposed. Intermediate densities of tissues produce variable shades
of grey. Fat is the least dense tissue, and will give almost black tones, with
soft tissues and bone giving increasingly light tones. It is the juxtaposition
of these tissues of varying densities that allow for differentiation of form
and structure.

It is advantageous to record the exposure settings used each time, and
gradually to build up an exposure chart. This should include a record of
the size and age of the horse, the area radiographed, and the exposures and
the film-screen combination used. This allows better radiographs to be
obtained, and also provides a basis for estimating the required exposures
for animals of different sizes and ages. Once this chart has been created, it
is important to maintain a constant FFD. A reduction in FFD increases
the radiation reaching the screen by a factor of the square of the change in
distance (necessitating a reduction in the exposure factors), whereas an
increase in distance has the opposite effect. Generally in equine radio-
graphy a FFD of 75-100cm is used. Note that single emulsion film is
particularly sensitive: a slight change in FFD can have a relatively big effect
on exposure.

In a well-positioned radiograph, the x-ray beam is perpendicular to the
cassette to avoid image distortion. Most of the radiation passes through
the tissues and exposes the film, or is absorbed by the tissues. Some of the
radiation is always deflected (termed ‘scatter’) and this results in reduced
film contrast. A grid is placed in front of a cassette to absorb scatter
radiation when the thickness of the area being radiographed is sufficient to
produce enough scatter to interfere with interpretation of the radiograph.
This is usually when the body exceeds 11cm in thickness. Thus equine
extremities below the carpus and tarsus usually do not require the use of a
grid. Grids are generally not required for soft-tissue evaluation, and may
be contraindicated in this situation. There are numerous types of grid, but
their function is always to reduce the effect of scatter on the film. In equine
radiology, parallel grids are normally used. The disadvantages of a grid
are that they increase the exposure required and produce lines on the
films, which are sometimes found objectionable when reading the radio-
graph. If a focused grid is used, the x-ray beam must be perpendicular
to the grid, centred on it, and at the correct FFD. When grids are of value,
this is noted in the discussion of the projections described in the following
text.

In several parts of the following text, reference is made to an aluminium
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wedge filter (Figure 1.2). This is placed immediately in front of the x-ray
tube, and absorbs a proportion of the x-rays. It allows the intensity of the
beam to be reduced in specific areas. It is of particular value when
radiographing parts of the horse that show a marked change in soft-tissue
thickness from one side of the film to the other, e.g. the thoracolumbar spine
or stifle.

Preparation of the patient is essential to good radiography. Quiet and
careful handling will reduce movement, and sedation may be beneficial
in some cases. Blinkers, blocking the horse’s line of vision, may make it less
apprehensive. Cotton wool ear plugs, or background music, may make the
horse less aware of the noise of the x-ray machine. Areas to be radiographed
should be brushed to remove mud from the coat, which can produce
confusing artefacts. For radiographs of the feet, the shoes normally need to
be removed and the feet trimmed to remove loose horn and dirt.

A high-quality radiograph is also dependent upon good darkroom
technique. The developer and fixer must be kept clean, replenished, and
replaced regularly. When hand processing, the solutions should be agitated
before and during processing a film. It is important that developing should
be carried out at a constant temperature and for set times. The film should
be rinsed thoroughly after developing, and washed well in running
water after completing fixing, before being dried. Automatic processing
undoubtedly gives more consistent results than manual processing, and
allows marked improvement in radiographic standards. The reader is urged
to consider the use of automatic processing as soon as the volume of work
permits it.

Radiation safety, i.e. ensuring that personnel around the horse do not
receive doses of radiation, is extremely important. There are codes of
practice available in different countries, but the basic principles can be
summarized as follows:

1 Keep the number of people present when radiographing a horse to the
absolute minimum required for its safe handling.

2 Use appropriate restraint of the horse to keep it still during exposures
(so that repeat exposure to radiation is not necessary). Sedation may be
required in some cases.

3 Use cassette holders whenever possible. Certain views, where ‘patient
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Figure 1.2 Use of an aluminium wedge
filter placed between the x-ray machine
collimator and the object to be
radiographed. The upper leaves of the
filter placed in the x-ray beam reduce
the exposure of the upper part of the
beam.
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tolerance’ is low, may prompt the hand holding of cassettes. This may be
justified if it reduces the repetition of radiographs or prevents the horse
panicking. If it is essential to hand hold a cassette, then large cassettes should
be used, with the x-ray beam well collimated, and the holder’s gloved hands
as far from the primary x-ray beam as possible.

4 The x-ray beam should be collimated, and a light beam diaphragm used
to enable maximum collimation. No part of any attending person, even if
covered with protective clothing, should be placed in the primary beam.
Protective lead clothing protects from scattered radiation only, not the
primary beam. Remember that the primary beam will continue past
the patient and cassette, and personnel standing on the opposite side of
the patient are at risk.

5 All personnel who must remain present during radiography must wear
protective gowns, and if near the primary beam should also wear gloves or
similar hand and arm protection, and a thyroid protector.

6 All personnel working with and around x-ray machines should be
monitored using a film badge system.

With the increasing use of radiography, and the rise in litigation against
veterinarians, it is essential that radiographs are carefully labelled. This
should be done photographically on the film, either by the use of one of the
special tapes produced for this purpose, attached to the cassette when the
film is exposed, or by a labelling light-box system in the darkroom. Labels
should include at least the identity of the horse, the limb radiographed, the
date, and lateral or medial markers where relevant. Ideally the veterinary
practice and view employed should also be identified. It is also essential
that a complete examination is carried out, with an adequate number of
films and views of the area involved. The exposures must be correct to
demonstrate the lesions present, and the radiographs must be of diagnostic
quality. An inadequate examination may be at best inconclusive and at worst
totally misleading.

PRINCIPLES OF RADIOGRAPHIC INTERPRETATION

It is important to read radiographs when they are dry. The emulsion swells
when wet and detail cannot be appreciated on wet films.

It is helpful if radiographs are always viewed using the same orientation,
i.e. with the horse facing to the viewer’s left, medial on the left, and when
appropriate the left side on the right. This aids interpretation, as only one
image need be remembered for each area radiographed. (This varies slightly
from the convention that any film should be viewed as if the examiner was
looking at the patient face on, e.g. the left forelimb is viewed with medial
to the left, and the right forelimb with medial to the right.) The number
of views required for any area varies, and is mentioned in the text. It is
important to obtain an adequate number of views to ensure that no lesion
is missed, and an attempt to compromise with fewer views is a false
economy. The use of ‘special’ views, e.g. obliques and skylines, of suspected
lesions can be remarkably rewarding.
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Adequate radiographic interpretation is dependent on complete and
systematic evaluation of all of the information that is found on the film.
Films should be viewed on a viewing box, in a room with subdued light. This
optimizes the ability of the reader to differentiate structures and to obtain
the maximum information from a film. The darker the film, the more
important it becomes that the conditions under which it is read are ideal.
Initially the film should be evaluated from a distance of several feet before
viewing closely, in order to get an overall impression before concentrating
on details. Masking the light around the edge of the radiograph also
improves the ability to read a film, as do high-intensity illumination devices.

Start by assessing the radiograph itself:

e s the quality of the film adequate for interpretation?

® Are there any processing artefacts or other artefacts (e.g. mud on the
horse) which will influence interpretation?

Then move on to assess the area radiographed:

e What is the approximate age of the patient?

e Is there any soft-tissue abnormality such as swelling?

Finally look at the outline of the bones and their detailed internal structure:
e If an ‘abnormality’ is identified, ensure that it is real — can it be
seen on another view? Can it be explained by positioning or overlap of
other bones or soft-tissue structures? Is it a variation rather than an
abnormality, e.g. the position and shape of a nutrient foramen can vary
considerably. Could a radiolucent zone be explained by introduction of
air during a previously performed local analgesic technique (Figure 1.3)?
Intra-articular gas appears as a semicircular or more diffuse radiolucent
area, often in the proximal part of a joint, whereas extra-articular gas
appears as a linear radiolucency. These lucencies may persist for up to 48
hours after injection.

Would additional views aid or complete adequate evaluation?

e If it is a true radiographic lesion, describe it in radiographic terms.
In this process of description it is often possible to determine if it is an
active or inactive process. In general, terms like smooth, regular and well
marginated (defined) lead towards a conclusion of normal, benign or
long-standing lesions. Terms such as roughened, irregular, sharp, poorly
demarcated, or destructive lead to a conclusion of active disease. If the
process is considered to be pathological, then think what pathological
process could cause this change and then consider what diseases could cause
this type of pathology.

If films are obtained to confirm the presence of a specific disease or
disease process and are not completely evaluated, the severity of the
condition, complications of the process or other concurrent lesions may be
overlooked. Thus to read radiographs successfully, it is important to relate
the changes seen to known behaviour of the tissues under consideration,
rather than relating the radiographic appearance to a clinical condition seen
before. The latter method relies heavily on experience and does not allow
interpretation of changes that have not been previously encountered. It is
important to remember that each radiograph can only represent a fraction

[7]
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Figure 1.3 Dorsopalmar view of the
distal metacarpal region and
metacarpophalangeal joint of a mature
horse. There are radiolucent areas
superimposed over the third metacarpal
bone. These gas shadows are the result
of inadvertent introduction of air into
the metacarpophalangeal joint while
performing intra-articular analgesia.
Such lucent areas may persist for up to
48 hours.

of a second in the life of the patient, and the development of a disease
process. It is a static image of a dynamic process. When a radiograph is read,
all the changes from the normal should be considered and used to build
up an impression which can then be related to disease processes known to
occur in the region. For accurate interpretation it is important to take into
account factors such as the period of time for which the clinical signs have
been present, the age, sex and breed of the patient, and the validity of the
history and possible complicating factors. A working diagnosis can then be
formed, which will complement any laboratory findings and other imaging
techniques, and help to confirm a clinical diagnosis. There is no substitute
for a good clinical history and examination, and radiographs should only be
used as an aid to the clinical diagnosis.

It is beneficial to have bone specimens available when reading
radiographs, particularly oblique views. An anatomy book and a library of
normal radiographs of each anatomical area at different ages are
invaluable. If problems are encountered in evaluating an area, it is often

(8]



helpful to obtain a similar radiograph of the contralateral limb for com-
parison, thus providing a perfect age, sex, and breed matched radiograph.
Remember that, in the neonate, some structures are not ossified and there-
fore cannot be visualized. More confusing is the appearance of partially
ossified structures (e.g. incompletely ossified subchondral tissues have an
irregular opacity, which may seem similar to the radiographic appearance
of infection). The normal radiographic appearance of the structures of
immature animals is therefore described in each chapter.

Radiographs are only one part of a jigsaw puzzle and may be used for
several purposes:

e To confirm, refute or suggest a diagnosis.

e To give information on progression and severity of a condition, and aid
formation of a prognosis.

e To add information regarding size, shape, position, alignment and
possibly duration of a lesion.

When reading a radiograph the result must be fitted into the general picture
presented to the clinician. It is one aid to diagnosis that the clinician has
available. In some cases special views or contrast studies may provide
valuable additional information. There are many other complementary
imaging techniques (e.g. ultrasonography and scintigraphy) and other
sources of clinical information that are available. The radiograph is an aid
to diagnosis and not the ultimate diagnosis in itself.

One of the most difficult questions to answer is how long a lesion has
been present. This is often of importance, but can seldom be answered with
any degree of certainty. Minimum times for certain lesions to develop can
be estimated, but the time for which a lesion has been present often remains
uncertain. The following pointers may be of value:

e Osteophyte formation of any type is not normally visible, even under
optimum conditions, in less than 3 weeks.

e Treatment after injury may delay osteophyte formation.

e Incomplete or fissure fractures may take up to 2 weeks to become
visible.

e Active bone changes are characterized by lesions with irregular or fuzzy
margins, which may be less opaque than the parent bone.

e Inactive bone changes are generally smooth, regular and uniformly
opaque.

e Large productive changes may take months to form and become smooth
in outline.

e An old inactive bone lesion may not indicate current disease, although
it may be present in the same region as a current problem.

e Bone models due to the stress applied to it (Wolff’s law). Non-stressed
bone does not model.

e Scars in bone, as in any other tissue, do not model.

It should be noted that the terms remodel and model are frequently used
incorrectly in radiology (see Appendix C: Glossary). In this text, the term
remodel is frequently employed because of its common usage. Modelling
is, however, a more correct term, compatible with changes detectable
radiographically and histologically.

[9]
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RADIOLOGICAL APPEARANCE OF PHYSIOLOGICAL
CHANGES AND SOME COMMON PATHOLOGICAL
LESIONS

Bone changes

The basic ability of bone to respond to stimuli is affected by various factors,
such as diet, disease, and the physiological state of other organs such as the
lungs, kidneys and gastrointestinal tract.

It is important to remember that the normal bone status varies through-
out life. During the period of skeletal growth, there is increased bone
formation relative to resorption. The skeleton of the young individual
lacks density and is more pliable (35% mineral to 65% matrix and cells).
As the individual matures, the density gradually increases (approaching
65% mineral and 35% matrix and cells). With advancing age the bone
mineral balance changes towards decreased formation and increased
resorption.

Although it is common to think of bone as being largely calcium, the
mineral content of bone is roughly 35% calcium, 17% phosphorus, and 12%
copper and other minerals. Radiologically it is not possible to detect a
decrease in mineralization of less than approximately 30% of the total
mineral content, and therefore changes in bone mineralization may be
undetectable radiographically early in a disease process.

Itis important to remember that some changes reflect past history, rather
than the response to current stimuli; thus some radiographic lesions may no
longer have clinical significance, but persist as incidental findings.

Wolff’s law states that bone models in relation to the stresses placed on
it, and modelling is dependent upon bone function and the distribution of
the load. Forces are applied to bone at the sites of attachment of ligaments
and tendons or through the joints. Application of a load may deform the
part concerned. Deformity is dependent upon the degree of the stress and
the number of loading cycles.

When evaluating radiographs it should be remembered that bone is a
living dynamic tissue which can only respond in a finite predictable way to
an infinite number of outside stimuli or insults.

Demineralization of bone

GENERALIZED DEMINERALIZATION

Generalized demineralization or osteopenia may be recognized by:
thinning of the cortices; coarser, more obvious trabecular pattern; apparent
radiographic overexposure due to reduced bone density (check the FFD,
exposure values and processing technique).

Generalized demineralization (Figure 1.4) may result from a
mobilization of minerals because of a need elsewhere in the body, e.g. in
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Figure 1.4 Slightly oblique lateromedial view of the distal
limb of a mature pony, showing generalized demineralization
due to secondary nutritional hyperparathyroidism. Note the
thin poorly defined cortices and the very prominent
trabecular pattern (compare with Figure 2.63c—f, pages
111-14, of a normal metacarpophalangeal joint).

Figure 1.5 Dorsolateral-plantaromedial oblique view of a
metatarsophalangeal joint of a mature horse. Note the
extremely obvious trabecular pattern in the lateral proximal
sesamoid bone due to disuse osteopenia. The horse had not
borne full weight on the left hindlimb for the preceding 6
months due to severe navicular disease and adhesions
between the deep digital flexor tendon and the navicular
bone. Note also the opacities on the plantar distal aspect of
the joint, which represent the ergot.

pregnancy, dietary inadequacy or metabolic imbalance (e.g. secondary
nutritional hyperparathyroidism), or renal disease. Alternatively the lack of
mineral may indicate that the patient is very young or very old.

LOCALIZED DEMINERALIZATION

Loss of mineral in a single limb indicates a process limited to that area, e.g.
the loss of mineral in one leg may relate to disuse osteopenia (Figure 1.5).
Mineral is lost due to muscular inactivity and/or reduction in weight bearing.

[11]



Figure 1.6 Lateral view of the summits
of the dorsal spinous processes in the
mid-thoracic region. There is extensive
demineralization of the dorsal spinous
process of the ninth thoracic vertebra.
The cortex is also irregular in outline.

It should be compared with the contralateral limb if a generalized disease
might be implicated.

FOCAL DEMINERALIZATION

Focal loss of bone (Figure 1.6) may indicate the presence of infection,
neoplastic invasion, or replacement of bone by fibrous tissue as a result of
a previous disease process (this may be considered to be equivalent to a
scar in bone). It is also seen as an osteochondral defect in osteochondrosis,
in osseous cyst-like lesions, as subchondral bone loss in degenerative joint
disease, in association with vascular abnormalities, and along fracture lines.
It may also result from continuous pressure on bone, as in chronic
proliferative synovitis.

Increased bone production

This may result in increased bone density and thus radiopacity.

A generalized increase in bone density may be due to fluorine poisoning
or a hereditary disease such as osteopetrosis. In some species, but as far as
is known not the horse, mineral deposition could indicate hypervitaminosis
A.
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CORTICAL THICKENING

Wolff’s law states that bone models in relation to the stresses placed on it,
and is dependent on its function and the distribution of the load. Cortical
thickness, particularly of the third metacarpal and metatarsal bones, changes
from a young, skeletally immature, untrained horse to a mature trained
horse. The dorsal cortex becomes significantly thicker than the palmar
cortex. If a horse has a marked conformational abnormality, such as ‘off set
knees’, the distal limb bones will model accordingly, resulting in increased
thickness of the cortices of the bones carrying increased load.

FOCAL NEW BONE FORMATION

Osteophyte formation occurs in response to various stimuli. The time for
osteophyte development after a stimulus varies between individuals and
depends upon the inciting cause. It may take as little as 2 weeks, or take
several weeks. Osteophyte formation with uniform opacity and a smooth
outline is likely to be longstanding and inactive. More lucent osteophyte
formation, or a formation with a more lucent tip, is likely to be actively
developing.

Osteophyte formation may be categorized in relation to its location.
Periarticular osteophytes may be associated with articular pathology, and
develop at the margins of articular cartilage and periarticular bone. They
also develop as a consequence of joint instability. Entheseophytes are seen
where tendons, ligaments or joint capsules attach to bone. They represent
the response of bone to stress applied through these structures, whether it
is tearing of a portion of a ligament, chronic stress applied by a tendon,
capsular traction, or chronic capsular distension. It may be difficult to
differentiate between osteophytes and entheseophytes in some areas.

PERIOSTEAL OR ENDOSTEAL BONE

Periosteal or endosteal new bone formation results from inflammation of
the periosteum or endosteum. This may result from a fracture (the callus
forming endosteal and periosteal new bone), trauma, infection, inflam-
mation or tumour.

SCLEROSIS

Sclerosis is a localized increased opacity of the bone due to increased bone
mass within existing bone. It is most readily recognized in trabecular bone,
and occurs in response to several stimuli including:

e Stress (e.g. subchondral sclerosis in degenerative joint disease).

e In an attempt to wall off infection (e.g. in the medullary cavity adjacent
to an area of osteomyelitis, in response to osteitis of cortical bone adjacent
to the site of infection, or adjacent to sequestration).

e To protect a weakened area (e.g. sclerosis surrounding an osseous
cyst-like lesion).

[13]
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Bone lesions

Physitis (epiphysitis)

Physitis (or physeal dysplasia) is the term which should be used to describe
abnormal widening and bony irregularity at the epiphyseal and meta-
physeal margins of the growth plate in skeletally immature horses. The
metaphysis of the bone is broadened and asymmetrical. There is sclerosis of
the metaphysis adjacent to the physis, which may be more irregular in
appearance than normal. The cortices of the metaphysis may be abnormally
thick. Soft-tissue swelling over the area of involvement is usually present,
and there may be an associated angular limb deformity. These changes are
secondary either to rapid cartilage production or to defects in mineraliza-
tion within the primary spongiosa.

Although any physis may be involved in this process, it is most
commonly associated with the distal radius (see Figure 4.16, page 196) and
distal metacarpal/metatarsal bones in the horse. Focal osteochondral
defects have been noted histologically and result from repeated
haemorrhage and/or microfractures which interfere with the blood supply
to the mineralizing cartilage. Osteochondrosis-like defects have also been
described.

Widened metaphyseal and physeal bone that is produced during the
acute stage of the disease may persist through life, resulting in an irregular
or flared appearance at the location of the physeal scar.

Neoplasia

Primary tumours and metastatic malignancy of the long bones of horses
are rare. The majority of tumours that involve bone occur in the skull
(see Chapter 8, pages 353 and 379) or occasionally the spine (see Chapter
0, page 425). Tumours result in space occupying lesions that may be
radiopaque or radiolucent. Adjacent bone may be distorted in outline, and
there may be associated new bone production. It is frequently not possible
to differentiate specific tumour types by their radiographic appearance. A
malignant tumour may be similar radiographically to the result of infection,
and differentiation is based on history, clinical signs, laboratory tests, and
biopsy.

Osteitis and osteomyelitis

Osteitis is inflammation of bone, and osteomyelitis is inflammation of
cortical bone and its myeloid cavity. In bones that do not have a myeloid
cavity (e.g. the distal phalanx), it is not appropriate to use the term
osteomyelitis. Osteitis is usually the result of trauma, or inflammation in
adjacent soft tissues. It is characterized by new bone formation and some-
times bone resorption. Differentiation should be made between aseptic
osteitis and infectious osteitis (see below).

[14]



Infectious osteitis and infectious osteomyelitis

Infectious osteitis (inflammation of bone due to infection) and infectious
osteomyelitis (inflammation of the bone involving the myeloid cavity) are
common in the horse. In the adult, infectious osteitis is more common and
is usually seen at a single site often related to trauma such as wire cuts or
puncture wounds. The hallmarks of infection are:
e Soft-tissue swelling with bone destruction and new bone formation.
e An attempt to wall off infection resulting in radiopaque bone being laid
down adjacent to the area of bone infection and destruction.
e Infection of bone may result in the formation of a sequestrum (a piece
of dead radiopaque bone) surrounded by an involucrum (an area of lucent
granulation tissue) (see Figure 3.18, page 157). A radiolucent tract may be
visible extending from the infected area (a sinus).
e The distal phalanx, navicular bone and skull show a slightly different
reaction to infection. In these bones, infection tends to cause destruction of
bone with little evidence of new bone formation.
e In the foal, osteomyelitis is more common and may occur simul-
taneously at several sites, often extending into adjacent joints. The converse
is also true, and septic arthritis commonly extends into adjacent bone
causing an osteomyelitis. Osteomyelitis in the foal tends to be very destruc-
tive and there is usually very little response by the bone to wall off the
infection.

A useful classification of infection of bone and joints has been devised
by Firth (see ‘Infectious arthritis’, pages 23—4).

Hypertrophic osteopathy

This condition, formerly known as Marie’s disease, hypertrophic pulmonary
osteoarthropathy or hypertrophic osteoarthropathy, is now termed
hypertrophic osteopathy, since it has been shown that pulmonary involve-
ment is not a prerequisite for the development of the disease, as was once
thought. Hypertrophic osteopathy principally affects the metaphyses and
diaphyses of the long bones, while sparing the joints. The disease is typified
by periosteal new bone which often appears to be perpendicular to the cor-
tices of the bone and irregular in outline in the acute stage (Figure 1.7). In
the early stages, soft exposures must be used to avoid overexposure of this
relatively lucent new bone. Later the margins of the new bone become more
opaque and smoother, and the appearance of the original cortex of the bone
becomes less clear. The bony lesions develop secondarily to a primary
lesion, usually in the thorax or occasionally the abdomen, such as a tumour,
an abscess or diffuse granulomatous disease. The cause and distribution of
the bony lesions are not understood; however, the bone changes may regress
and model if the primary disease can be identified and successfully treated.

Enostosis-like lesions and other circumscribed opacities

An enostosis is defined as bone developing within the medullary cavity or
on the endosteum, resulting in a relatively sclerotic region. In the horse
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Figure 1.7 Dorsolateral-palmaromedial oblique view of a
metacarpophalangeal joint of a 3-year-old Thoroughbred with
a history of raised plasma fibrinogen for the preceding 4
months, and very recent onset forelimb stiffness associated
with diffuse oedematous painful swellings of the distal limbs.
There is soft-tissue swelling and active periosteal new bone on
the distal diaphysis of the third metacarpal bone (arrows) and
the proximal metaphysis/diaphysis of the proximal phalanx
(white arrow). Note its palisade-like appearance perpendicular
to the cortex. This is typical of hypertrophic osteopathy. The
horse had a dissecting aneurysm of the thoracic aorta.
Diagnosis: hypertrophic osteopathy.

Figure 1.8 Lateromedial view of the mid radius of a mature
horse. There is a discrete, rounded radiopacity apparently
within the medulla (arrow), an enostosis.

enostosis-like lesions have been described as focal or multifocal,
intramedullary sclerosis, in the diaphyseal region of long bones, near the

nutrient foramen, often developing on the endosteal surface of the bone.
The most common sites are the tibia, radius and humerus (Figure 1.8).
The aetiology and clinical significance of the lesions are unknown. Such

sclerotic reactions should be differentiated from endosteal callus secondary
to a fatigue fracture. Small focal opacities in the proximal metaphyseal
or diaphyseal region of the tibia have been recognized. Their aetiology

and clinical significance are unknown.
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Fractures

A fracture is a discontinuity of the bone seen radiographically as a lucent

line or lines. Radiography is performed to establish the type, severity and

degree of displacement of the fracture, and to assess the damage to
adjacent joints and surrounding soft tissues. Later radiographs may be
obtained to assess the degree of reduction achieved and to monitor healing.

In order to establish the presence of a fracture, at least two projections,

preferably obtained at right angles to each other, are essential. Many more

views may be necessary to establish the exact configuration of the fracture.

Fatigue (stress) fractures and other non-displaced and/or incomplete
fractures can be extremely difficult to detect in the acute stage. Mach lines
due to edge enhancement should not be confused with fractures. For best
visualization of a fracture, the x-ray beam must be parallel with the plane
of the fracture, and thus detection may necessitate obtaining many views at
5° angles to each other. Two radiolucent lines often represent a single com-
plete fracture, which traverses through two cortices, e.g. dorsal and palmar,
and should not be confused with two fractures. During the normal healing
process there is osteoclasis along the fracture line within 5-10 days, result-
ing in apparent broadening of the lucent fracture line. Thus a fracture line
which was not readily apparent in the initial radiographs may be detected
on follow-up films obtained 5-10 days later. In the acute stage, nuclear
scintigraphy may be a better method of detecting the presence of an incom-
plete fracture or a fatigue fracture. Some fractures are never visible radi-
ographically, despite there being strong evidence of a fracture from nuclear
scintigraphic evaluation. Some radiographically detectable stress (fatigue)
fractures may be preceded by the development of sclerosis (see page 13)
before the fracture becomes apparent.

A fracture should be evaluated to establish whether it is simple,
multiple or comminuted, whether there is articular involvement, the degree
of displacement of the fracture fragments and to identify any concurrent
pathology which may adversely influence the prognosis.

Fractures involving the physis of a bone may be classified according to
Salter-Harris, based upon the configuration and relationship of the fracture
plane to the growing cells of the metaphyseal growth plate. The fractures
are classified by Salter-Harris as follows (Figure 1.9):

Type I A fracture through the zone of hypertrophied cells without in-
volvement of the adjacent epiphysis or metaphysis.

Type Il A fracture through the physis across part of the width of the bone
and through the metaphysis, leaving a segment of the metaphysis attached
to the epiphysis.

Type 111 A fracture through the physis across part of the width of the bone
and through the epiphysis, entering the joint.

Type IV A fracture across the epiphysis, physis and a portion of the
metaphysis, perpendicular to the plane of the physis.

Type V' A compression fracture of the physis with minimal displacement.

Although this classification has now been further extended, we feel that
the above classification is adequate for practical clinical purposes.
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Figure 1.9 Salter-Harris classification of physeal fractures.

Fracture healing should be monitored radiographically to determine the
progression of healing. The time interval between re-examinations will
depend on the severity of the fracture, the type of repair and the clinical
reassessment of the patient. Following initial mineral resorption along the
fracture line, and formation of a fibrous callus, calcified periosteal and
endosteal callus develops. The amount and quality of callus which develops
depends upon the degree of stability at the fracture site and the presence
or absence of concurrent infection. Endosteal callus is more difficult to
visualize radiographically, but ultimately results in disappearance of the
fracture line. Stability of the fracture may develop long before the fracture
line disappears radiographically. Some bones (e.g. the distal phalanx, prox-
imal and distal sesamoid bones and the accessory carpal bone) tend to heal
by fibrous union, resulting in a persistent lucent line. The rate of healing
varies and is dependent on many factors, including the age of the horse, its
nutritional and metabolic status, the degree of stability of the fracture, the
site of the fracture, the presence or absence of periosteum, the blood supply
to the bone, and the presence or absence of infection. Infection is likely
to be progressive and impair osseous union unless there is stability at the
fracture site.

If a fracture is repaired by internal fixation, and there is adequate
stability at the fracture site, healing should be predominantly by primary
union, with minimal periosteal callus. Instability at the fracture site will
result in secondary union by the production of periosteal callus.

If a fracture has been repaired by internal fixation, the implants and sur-
rounding bone should be examined carefully on follow-up radiographs. The
development of localized lucent zones around the implants indicates
loosening of the implant, or infection, and it may be necessary to remove
one or more selected portions of the implant. Diagnostic ultrasonography
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may be helpful in early detection of osteomyelitis in some cases, e.g. detec-
tion of fluid around a screw head.

If implants are removed when there is stability at the fracture site,
radiolucent tracts will persist for 8~12 weeks. These tracts may act as stress
points until adequate remineralization has occurred, and are potential sites
for fracture to recur.

Whether a fracture is treated conservatively or surgically, once initial
mineral resorption along the fracture line has occurred, there should be pro-
gressive narrowing of the fracture line or lines, and they should gradually
disappear. Healing may be complete within 6—12 weeks, but some fractures
will take considerably longer. A horse may be sound and be able to with-
stand work, despite the persistence of a radiolucent fracture line. In some
locations (e.g. third metacarpal condylar fractures) the long term persis-
tence of a lucent line is commonly associated with recurrent lameness. If a
fracture line persists beyond 6 months it can be considered to be a delayed
union. There may be sclerosis of the bone adjacent to the fracture line, and
the ends of the bone may become slightly flared (Figure 1.10). Although
delayed union is not uncommon in the horse, non-union (complete failure
of osseous union after 12 months) is rare, except in the areas previously

Figure 1.10 Lateromedial view of the carpus of a mature Thoroughbred steeplechaser, 8
months after the onset of acute lameness. There is a delayed union fracture of the

accessory carpal bone. Note the flaring of the fracture margins proximally and the sclerosis

along the fracture edges, especially distally. There is no evidence of osseous union

proximally. Note also the periosteal new bone on the distal caudal radius, of questionable

clinical significance. The horse made a functional recovery, although bony union was not
achieved. Diagnosis: delayed union fracture of the accessory carpal bone.
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mentioned where healing is usually by fibrous union. If there is apparent
healing by fibrous union, it is usually impossible to state when the original
fracture occurred. Fractures of the navicular bone usually heal by fibrous
union, and frequently lucent zones develop adjacent to the fracture
line. These lucent zones are indicative of a fracture of at least 6-8 weeks’
duration.

Joint lesions

Swelling

Soft-tissue swelling in and around joints may be classified as shown below.

INTRA-ARTICULAR SWELLING

The joint capsule is distended and in the non-weight-bearing patient there
may be a widened joint space. In some locations (e.g. the carpus) a normal
lucent fat pad may disappear due to compression. Joint distension is usually
associated with inflammation and may be septic or aseptic. If several joints
are involved in the neonatal animal, septic arthritis should be considered.
If several joints are involved in older animals, immune mediated disease
should be suspected, especially if the occurrence is cyclic in nature.

PERIARTICULAR SWELLING

This does not involve the joint space, but may involve the joint capsule as
is seen in sprains. Periarticular swelling may also be caused by conditions
that are more obvious on examination of the patient than on the radiograph,
such as wire cuts, puncture wounds and external trauma. With cuts and
wounds, gas may be evident within the soft-tissue swelling.

GENERALIZED PERIARTICULAR SWELLING

This may result in the inability to differentiate between intra-articular and
extra-articular fluid accumulation. The inability to differentiate may result
from massive swelling or the loss of soft-tissue fat which is normally found
in the pericapsular, peritendinous and periligamentous areas.

Trauma

Joint trauma may be classified as shown in Table 1.1.

SPRAIN

Joint sprain is the wrenching of a joint with partial rupture or other injury
of its attachments, and without luxation of bones. There is usually rapid
swelling, heat and pain. Sprains must be differentiated from fissure fractures
and other causes of acute joint swelling. Sprains may be classified as shown
in Table 1.1.
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Table 1.1 Classification of sprains

Type of tissue damage Radiographic finding

Ligament strain or Soft-tissue swelling
partial rupture

Ligament rupture Soft-tissue swelling

Ligament avulsion Soft-tissue swelling and
the presence of a bone
fragment

If ligament rupture or avulsion is suspected, stressed radiographs
(Figures 1.112 and 1.11b; see below) should be obtained to assess the
integrity of the joint and the possibility of subluxation.

SUBLUXATION AND LUXATION (DISLOCATION)

Luxation is the complete loss of contact between the articular surfaces of
the joint. Subluxation of a joint is partial loss of contact between joint
surfaces, and may be intermittent. Luxation and subluxation in the horse
are usually the result of trauma, although congenital luxation of the patella
occurs in rare cases. Subluxation of the proximal interphalangeal joint
may develop without an obvious cause. Luxation is usually easily identified
radiographically, but multiple radiographic views are required in order to
assess whether or not there is a concurrent fracture which may adversely
influence the prognosis. If luxation is incomplete (i.e. subluxation),
radiographic assessment is more difficult. Radiographs should be obtained
in the weight-bearing position and compared carefully with the normal
anatomy. When luxation or subluxation is suspected clinically, so-called
‘stress radiographs’ may be helpful to determine the integrity of the periar-
ticular soft tissues such as the collateral ligaments. Stress radiographs are
obtained with the limb not weight-bearing, with force applied to the joint in
either a mediolateral or dorsopalmar direction to determine whether the
bones may be moved abnormally relative to each other (Figures 1.11a and
I.11b).

INTRA-ARTICULAR FRACTURES

Intra-articular fractures exist when there is a break in the articular surface.
Unless there is some degree of displacement, damage to the articular
cartilage may not be seen, but is assumed to exist. A small degree of
displacement will be indicated by the presence of a slight ‘step’ in the two
sides of the articular portion of the fracture line. Fissure fractures are not
displaced and many views may be required in order to visualize the
fracture, as the x-ray beam must be exactly aligned in the plane of the fissure.

Fractures of the articular margin are termed chip fractures.
Radiographs should be carefully inspected for evidence of additional chips,
pre-existing degenerative joint disease, or other concurrent pathology,
which may adversely affect the prognosis. Differentiation between chip
fractures, ectopic mineralization and separate centres of ossification may not
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Figure 1.11(2) Dorsoplantar view of a metatarsophalangeal joint of an event horse
with acute onset severe lameness 3 weeks previously. The horse was bearing full
weight on the limb without discomfort. The bones are in normal alignment.

Figure 1.11(b) Stressed dorsoplantar view of the same horse as in Figure 1.112. There
is luxation of the metatarsophalangeal joint, and disruption of the proximal articular
margin of the proximal phalanx (arrow).

be possible. The position of the mineralized body relative to the articular
margin, the size and shape of the body, and the contour of the articular
margin should all be assessed carefully. A recent chip fracture may have a
sharp edge, and a fracture ‘bed’ may be discernible. Separate centres
of ossification, or old chip fractures, may be very well-rounded uniformly
opaque bodies, and a fracture bed is usually not detectable. Ectopic
mineralization may be present within the joint capsule.

A slab fracture is a fracture extending from one joint surface to another,
e.g. from the proximal to distal articular surface of the third carpal or
tarsal bones. These fractures may be extremely difficult to detect
radiographically in the acute stage if not displaced. Oblique views are
invaluable in the carpus. In the tarsus it may be necessary to re-radiograph
the joint after 7-10 days when some demineralization has occurred along
the fracture line.
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Infectious arthritis

Infectious arthritis is most commonly seen in young foals, and frequently
involves several joints. It may occur in the adult, usually associated with
trauma, but may be iatrogenic. Radiographic features of joint infection
include:

e Periarticular soft-tissue swelling.

e Joint capsule distension with or without apparent widening of the joint
space.

e Irregularity of outline of the subchondral bone.

o Lucent zones in the subchondral bone, with or without sclerosis.

e Periarticular osteophyte formation, due to secondary joint disease.

e Partial collapse of the subchondral bone.

The presence of bony abnormalities indicates that the disease is
advanced and warrants a guarded prognosis. The absence of detectable
radiological abnormalities does not preclude a diagnosis of infection. The
speed of development and degree of cartilage and bone destruction depend
on the causative organism.

In the neonate, care should be taken to differentiate the radiographic
appearance of incompletely ossified bones, which may have an irregular
outline and granular opacity, similar to that seen in infection. Reference
should be made to the text in the subsequent chapters, which describes the
appearance of incomplete ossification where it is a normal feature at birth.
In the foal, joint infection may develop secondarily to infection of an
adjacent physis, or may spread from a joint to an adjacent epiphysis.

Firth classified infectious polyarthritis of foals into several syndromes as
follows:

1 Physeal type P osteomyelitis. There are areas of irregularity and focal
widening in the physis. At this point the term physitis may appear more
appropriate than physeal osteomyelitis; however, once the changes are
sufficiently far advanced to be seen radiographically there is usually also
involvement of the metaphyseal or epiphyseal bone adjacent to the site of
origin. Infection may continue to extend into the epiphysis or metaphysis,
where the infection is characterized by relatively opaque areas of bone
surrounded by lucent areas. These are frequently triangular in shape. As the
condition progresses, soft-tissue swelling associated with the joints may be
seen, and this may develop into infectious arthritis secondary to underlying
osteomyelitis.

2 Type E begins in the epiphysis and progression is similar. The
classification is only used to denote where the nidus of infection was
established.

3 Type S actually begins in the synovium, and extends from there, rapidly
becoming septic arthritis.

4 Type T osteomyelitis is limited to the tarsus and must be differentiated
from aseptic necrosis of the central and third tarsal bones. Type T cases
usually present because of generalized tarsal enlargement or tarsocrural
joint capsule distension. Although the central and third tarsal bones are
occasionally involved, the majority of pathology is noted in the distal tibial
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physis and or tarsocrural joint. The main radiographic findings include soft-
tissue swelling, distension of the tarsocrural joint and irregularity of the
distal tibial physis (type P osteomyelitis). When the central and third tarsal
bones are involved, they are normal in shape but have a mottled lucent
appearance.

5 'Type C osteomyelitis. Recently osteomyelitis of the carpal bones has
been noted, and appears similar in many respects to tarsal osteomyelitis.
It may therefore be appropriate to include a fifth category in Firth’s
classification — osteomyelitis identical to type T, but localized to a single
carpal bone.

Osseous cyst-like lesions (bone cyst)

Osseous cyst-like lesions (OCLLs) are usually solitary, circular lucent areas
in a bone, which may be surrounded by a narrow rim of sclerosis. They are
usually unicameral (single chambered) but may be multicameral. They are
often close to the articular surface of the bone and sometimes a ‘neck’
connecting the cyst-like lesion with the joint surface can be identified.
Some OCLLs ultimately fill in radiographically, but others persist virtually
unchanged. Osseous cyst-like lesions occurring near the articular margin
in young horses may appear to migrate progressively away from the joint
surface, as normal endochondral ossification occurs.

The aetiology of OCLLs is obscure. Some are true subchondral bone
cysts and have a fibrous cystic lining, but there are probably a number of
causes, despite their similar radiographic appearance. It has been suggested
that they are part of the osteochondrosis syndrome, but the evidence for
this is limited. There is increasing evidence that some OCLLSs are traumatic
in origin.

Osseous cyst-like lesions may or may not be associated with lameness.
Cyst-like lesions which occur deep within bone, such as in the carpal bones,
are rarely associated with lameness, whereas those close to an articular
surface, such as in the medial femoral condyle, are frequently associated
with lameness, although lameness may resolve despite radiographic persis-
tence of the lesion.

An OCLL may first be identified as a small lucent depression in the
articular surface (see Chapter 7, page 305). This progressively enlarges and
a sclerotic margin may develop around the cyst-like lesion. The radiographs
should be carefully examined for evidence of concurrent secondary degen-
erative joint disease.

Osteochondrosis

Osteochondrosis is considered to be a disturbance of endochondral
ossification, but there is increasing evidence to show that there may also be
primary subchondral bone lesions. The disease may be generalized, although
only evident radiographically in certain joints. The femoropatellar, tar-
socrural, fetlock and scapulohumeral joints are the most commonly affected
in the horse (see Chapters 7, 6, 2 and §, respectively). The radiographic
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appearance of osteochondritic lesions is variable between individuals, and
the joints involved, but the changes normally include:

e Discrete osteochondral fragments.

e Alterations in the contour of the articular surface, e.g. flattening or a
depression.

e Irregularly shaped lucent zones in the subchondral bone.

e Sclerosis surrounding the lucent zones.

e Secondary remodelling of joints.

Lesions are not always of clinical significance but must be interpreted in
the light of the clinical signs. Some lesions remodel gradually and become
increasingly sclerotic. Clinical signs are generally recognized in horses less
than 3 years of age, but occasionally horses remain asymptomatic until later
in life.

Degenerative joint disease

Degenerative joint disease (DJD), osteoarthrosis, osteoarthritis and sec-
ondary joint disease are often used synonymously in veterinary medicine,
yet distinctions can be made in some cases.

Arthritis simply means inflammation of a joint, and if recognized
radiographically is seen as joint capsule distension without evidence of new
bone involvement. There is inflammation of the synovial lining and changes
in the quantity and quality of synovial fluid. Osteoarthritis or osteoarthro-
sis indicate that bone has become involved and that a soft-tissue component
may (itis) or may not (osis) be present. The term secondary joint disease is
used when the primary cause is known, such as in osteochondrosis or intra-
articular fracture. Degenerative joint disease is used to refer to any number
of causes that affect the joint and its supporting structures. In the horse, the
degenerative process which results in DJD may be associated with poor
conformation and/or hard use. Advanced DJD, however, is sometimes
seen in immature horses, less than 3 years of age, with no identifiable pre-
disposing cause. Any condition that damages cartilage directly, causes joint
instability, or subjects the joint to abnormal directional forces, can cause
DIJD. Immune mediated joint disease should be considered whenever
there is polyarthritis, and sepsis can be ruled out.

Radiographic abnormalities associated with DJD included:
Periarticular osteophyte formation.

Subchondral bone sclerosis, and loss of trabecular pattern.

Ill-defined small lucent zones in the subchondral bone.

Small well-defined osseous cyst-like lesions.

Narrowing of the joint space.

Joint capsule distension.

Periarticular soft-tissue swelling.

One or more of the above may be seen in association with DJD in any
joint. If possible, periarticular osteophyte formation should be differ-
entiated from entheseophyte formation. Small periarticular osteophytes are
not necessarily synonymous with clinically significant DJD. It must also be
borne in mind that the absence of detectable radiographic abnormalities
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does not preclude the presence of cartilage degeneration. As DJD pro-
gresses, radiographic abnormalities become more obvious.

Dystrophic and metastatic mineralization (calcification)

Calcium is seldom deposited alone. Even in bone the opacity seen on
radiographs is due to a mixture of calcium, phosphorus, zinc, manganese
and magnesium, and therefore dystrophic and metastatic calcification is
more correctly termed mineralization.

Mineralization in soft tissue can occur in association with inflammation,
neoplasia, trauma or metabolic disease. The most reliable indication of the
cause of the mineralization is the location in which it occurs. This, combined
with knowledge regarding the organs or structures located in the area in
which the mineral opacity is seen, and knowing what diseases will result in
mineralization of a particular organ, will provide valuable information and
occasionally a definite diagnosis. The size, shape and pattern of miner-
alization may vary, and therefore are poor indications of a specific
aetiology.

Soft-tissue mineralization has been classified as being metastatic or
dystrophic. Metastatic mineralization is the deposition of minerals in
tissues that have not previously been damaged. It is associated with
hypercalcaemia, hypercalciurea and hyperphosphataemia.

Dystrophic mineralization is the process whereby mineral is deposited
in injured, degenerating or necrotic tissue, and is more commonly seen in
the horse. It can occur secondary to any injury to soft tissue, e.g. in tumours
that have become necrotic, at the site of fat necrosis, subsequent to in-
farction, and in association with inflammation or haemorrhage. Either type
of mineralization may eventually result in the formation of mature bone.
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Chapter 2
Foot, Pastern and Fetlock

The foot is a complex area, involving several bones as well as the hoof wall.
This chapter has therefore been subdivided into anatomical areas in order
to make description easier. Although several of these areas may be obtained
on a single radiograph, radiographs centred on the area of interest are
required for accurate appraisal.

Except where stated otherwise, the text refers to front and hind feet.

Distal phalanx (pedal bone)

RADIOGRAPHIC TECHNIQUE

Equipment

Radiographs of the distal phalanx (third phalanx, pedal bone) can be
obtained with low output (minimum 15mA) portable x-ray machines. Slow,
high detail screens with compatible film are recommended to obtain
maximum definition. If machines with an output of ToomA or less are used,
slow, high detail rare earth screens are appropriate.

Prior to obtaining radiographs, the shoe should be removed and the sole
and hoof wall cleaned of mud and dirt. Loose flakes of horn from the sole
and frog should be trimmed. Particular care should be taken if the frog clefts
are deep. A sharp pointed instrument such as a rat tail file is particularly
useful for removal of packed debris, followed by a stiff brush. Radiographs
of the distal phalanx do not normally require the foot to be packed, although
packing the sole will eliminate air shadows from the foot and may avoid
confusion in some cases, especially if a fracture is suspected. Care must be
taken to ensure that the sole is packed evenly, as the low exposures required
to visualize the solar margin of the distal phalanx can also result in images
of uneven packing. Loose packing may mimic, or mask, fractures; excessive
packing may create radiopaque artefacts.

Lateromedial and dorsopalmar or plantarodorsal views of the distal
phalanx should normally be obtained using a grid (see relevant view
for details). Oblique views, particularly palmaroproximal-palmarodistal
oblique and dorsoproximal-palmarodistal oblique views of the palmar
processes, and soft exposures, e.g. radiographs to visualize separation of the
hoof wall from the distal phalanx, lucent lines in the dorsal hoof wall,
or subtle remodelling of the extensor process are best obtained without a
grid.
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Positioning

Any examination of the foot should always include lateromedial and
dorsoproximal-palmarodistal oblique views. Mediolateral views have a
similar appearance to lateromedial views and may be used if preferred.
For hind feet it may be easier to obtain plantarodorsal rather than
dorsoplantar views.

Lateromedial view

Lateromedial views of the distal phalanx normally require the foot to be
raised on a block of sufficient thickness to bring the solar surface of the foot
level with the centre of the x-ray beam. This also allows the bottom of the
cassette to be placed lower than the solar surface of the foot, so that it is
included on the film. The cassette can be supported on the floor, or on a
second block, to minimize the risk of movement blur. The x-ray beam should
be maintained horizontal, and centred on the distal phalanx. Care must be
taken when assessing the hoof pastern axis with this technique, since this
will be altered if the horse is not fully weight-bearing on a level surface. An
8:1 ratio grid will give the best results for this view, but acceptable results
can be obtained without the use of a grid.

A survey lateromedial view of the entire foot and pastern may be
obtained. In this case the maximum information will be obtained if the x-
ray beam is centred on the navicular bone — the beam should be centred
approximately 1cm below the coronary band, and midway between the
most dorsal and most palmar aspects of the foot at the level of the coronary
band. The x-ray beam should be aligned parallel with a line drawn across
the bulbs of the heel. The importance of a true lateromedial view cannot be
overemphasized for proper interpretation. This may be difficult to obtain
on horses with a deviating toe axis. If specific lesions of the distal phalanx
are anticipated, the x-ray beam should be centred on the lesion, or on the
distal phalanx, at approximately the region of insertion of the deep flexor
tendon — a point approximately midway between the coronary band and the
ground surface at the junction of the dorsal and middle thirds of the hoof.
The beam should be aligned parallel with a line drawn across the bulbs of
the heel.

Dorsoproximal-palmarodistal oblique view

For hind feet it is often preferable to obtain a plantarodorsal view of the
foot rather than a dorsoplantar. This gives good visualization of the
structures within the foot and makes little difference to interpretation of
radiographs of the distal phalanx.

A dorsoproximal-palmarodistal oblique view gives good visualization of
the body, solar margin, and palmar processes (wings) of the bone, and is suit-
able for use as a routine view. It may be obtained in one of two ways. The
technique giving least distortion is the ‘upright pedal’ view. The toe of the
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foot is placed on a wooden block with a groove cut along its top surface CHAPTER 2
(referred to as a ‘navicular block’, see Figure 2.30c, page 66), and the limb Foot, Pastern and Fetlock
is manipulated until the sole of the foot is vertical. A horizontal x-ray beam
is centred on the coronary band and aligned perpendicular to the sole of
the foot (Figure 2.1a). This view can be enhanced by the use of an aluminium
wedge filter to reduce the exposure at the toe of the foot (see Chapter 1,
page 5). A low ratio grid (6:1) is ideal for this view, but acceptable results
can be obtained without the use of a grid (Figure 2.1b).
A similar view, a dorsoproximal-palmarodistal (high coronary) oblique,
may be obtained with the horse standing on a tunnel containing the cas-
sette. The x-ray beam is angled in a dorsoproximal-palmarodistal oblique
direction, at approximately 65° to the horizontal, centred on the coronary
band (Figure 2.2a). This technique has the disadvantage that the beam is
oblique to the cassette, and therefore results in some distortion. It may be
useful for visualizing fractures, and is helpful in some horses which resent
placing the foot in a ‘navicular block’. A parallel 6:1 ratio grid is used if the
x-ray beam can be aligned with the grid lines; otherwise a better result is
obtained without a grid (Figure 2.2b).

Dorsopalmar (weight bearing) view

A dorsopalmar weight bearing view is useful in selected cases, e.g. sagittal
fractures of the distal phalanx, lateromedial foot imbalance. The horse
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Figure 2.1(a) Positioning to obtain a dorsoproximal-

palmarodistal oblique (‘upright pedal’) view of the distal Figure 2.1(b) Dorsoproximal-palmarodistal oblique
phalanx. The x-ray beam (arrow) is centred on the coronary radiographic view of the distal phalanx of a normal adult horse,
band. obtained using the ‘upright pedal’ technique.

[29]



Figure 2.2(a) Positioning to obtain a dorsoproximal-
palmarodistal oblique (‘high coronary’) view of the distal
phalanx. The x-ray beam (arrow) is centred on the coronary

band.

Figure 2.2(b) Dorsoproximal-palmarodistal oblique
radiographic view of the distal phalanx of a normal adult horse
(the same horse as Figure 2.1b), obtained using the ‘high
coronary’ technique. Note the apparent elongation of the bone
(compare with Figure 2.1b).

stands weight bearing on the limb, on a flat block, so that the cassette may
be placed lower than the solar surface of the foot. A horizontal x-ray beam
is centred midway between the coronary band and the ground surface, at
the midline of the hoof (Figure 2.3). It should be aligned at right angles to
a line drawn across the bulbs of the heel. This will ensure a straight dor-
sopalmar view of the foot. If it is desired to record medial or lateral devia-
tion of the distal limb, the beam should be aligned craniocaudal to the
antebrachium. A 6:1 ratio grid is preferred.

Palmaroproximal-palmarodistal oblique view

This view is used to give good visualization of the palmar processes of the
distal phalanx, particularly for separation of the laminae of the heel of the
foot.

The horse stands on a cassette tunnel, flat on the floor. The foot to be
radiographed is positioned as far caudally under the horse as is consistent
with the horse standing flat on the foot. The x-ray machine is placed ventral
to the thorax of the horse and the x-ray beam centred between the bulbs of
the heel (Figure 2.4). The angle of incidence of the x-ray beam to the
cassette is 45°—70°, dependent upon the slope of the pastern and the posi-
tioning of the foot. The beam is angled so that the image of the fetlock is
not superimposed over the palmar processes of the distal phalanx. If the
foot is positioned too far forward, it is impossible to avoid superimposition
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Figure 2.4 Positioning to obtain a palmaroproximal-
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Figure 2.3 Positioning to obtain a dorsopalmar (weight- ] palmarodistal view of the distal phalanx (see Fig. 2.7d,
bearing) view of the distal phalanx and navicular bone (see Fig. page 37). The x-ray beam is centred between the bulbs of the
2.7¢, page 36). The x-ray beam (arrow) is centred midway heels.

between the coronary band and the ground surface of the hoof.

of the image of the fetlock over the foot, especially if the ergot is promi-
nent. This view is obtained without a grid.

Other oblique views

Oblique views of the distal phalanx and hoof wall are often required. These
are particularly valuable if fractures involving the body or palmar processes
of the distal phalanx are suspected, and if new bone is present on the dorsal
wall of the distal phalanx, or there is mineralization in the dermal laminae.
They also help to identify entheseophytes on the dorsomedial and dorso-
lateral aspects of the distal interphalangeal joint. Obliquity is determined
by one of two factors:
I An attempt to align the x-ray beam parallel with the line of a fracture.
2 Positioning the x-ray beam so that new bone will be ‘skylined’ (i.e. the
beam will form a tangent to the surface of the distal phalanx). For this
purpose, reduced exposures should be used, and a grid is unnecessary.

Osteophyte or entheseophyte formation on the dorsolateral or dorso-
medial aspects of the distal phalanx are often best seen on flexed oblique
views, which open the distal interphalangeal joint. The toe of the foot
is placed in a navicular block with the sole of the foot approximately
vertical. Dorsal 60° lateral-palmaromedial oblique and dorsal 60° medial-
palmarolateral oblique views are obtained. A horizontal x-ray beam is used,
centred on the coronary band (Figure 2.5). To highlight the lateral and
medial palmar processes, dorsal 45° lateral-palmaromedial oblique and
dorsal 45° medial-palmarolateral oblique views respectively should be
obtained.

Alternatively, to image the palmar processes, stand the horse on a tunnel
containing the cassette. Angle the beam at 45° proximally and centre on the
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\ Articular margins/
extensor process (60°)

palmar (plantar)
processes (45°)

\

Dorsal

Figure 2.5 Positioning to obtain a dorsolateral-palmaromedial oblique (flexed) view of
the distal phalanx and interphalangeal joints. The x-ray beam (arrow) is centred on
the coronary band. An angle of 45° from dorsal highlights the lateral palmar process
of the distal phalanx (see Fig. 2.7f, page 40). The dorsal margins of the interphalangeal
joints are best imaged with an angle of 60° from the dorsal plane (see Fig. 2.7e,

page 38).

coronary band on the lateral or medial aspect of the foot (Figure 2.6).
A lateral 45° proximal-mediodistal oblique highlights the lateral palmar
process, a medial 45° proximal-laterodistal oblique images the medial side.

The frog clefts should be carefully packed to avoid radiolucent artefacts
mimicking a fracture.

NORMAL ANATOMY

The front and hind distal phalanges have a similar appearance, but the bones
of the hind feet are slightly narrower mediolaterally than those of the
forefeet.

Immature horse

The distal phalanx develops from a single centre of ossification, which is
present at birth. It continues to enlarge and model until at least 18 months
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of age. The palmar processes are not evident at birth, but gradually ossify
over 12 months.

Skeletally mature horse

Lateromedial view

The dorsal surface of the distal phalanx is smooth and opaque (Figure 2.7a).
It may be slightly convex from the solar margin to the base of the extensor
(pyramidal) process, and should meet the solar margin at a sharp angle.
In horses with a large crena marginis solearis (Figure 2.8a, page 42), a
radiolucent indentation or a double line may be seen at the junction of these
margins (Figure 2.8b, page 42). There are considerable variations in the
shape of the extensor process, but they are usually bilaterally symmetrical
(Figure 2.9, page 43).

The solar surface of the distal phalanx is smooth in outline and is nor-
mally at a 5-10° angle to the sole, sloping proximally toward its palmar
aspect. The solar canal of the distal phalanx (through which runs the
terminal arch of the digital arteries) is seen between the solar surface of
the bone and the distal interphalangeal joint. It is seen with a variable
degree of clarity, depending on the exposure factors used and the direction
of the x-ray beam. It may appear as a very distinct radiolucent zone in the
middle of the bone, proximal to the solar surface, but in some bones it is
barely evident. Palmar to the solar canal is a sharply defined, smoothly out-
lined relatively sclerotic band of bone, the facia flexoria. The deep digital
flexor tendon attaches to the palmar aspect (Figure 2.7a).

The articular surfaces of the middle and distal phalanges are reasonably
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Figure 2.6 Technique to obtain a lateral
45° proximal-mediodistal oblique view
of the distal phalanx to skyline the
lateral palmar process. The x-ray beam is
centred on the coronary band. See also
Figure 2.7(g).
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Figure 2.7(a) Lateromedial radiograph and diagram of a normal adult foot. A =
proximal phalanx, B = middle phalanx, C = distal phalanx, D = navicular bone.
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Figure 2.7(c) Dorsopalmar (weight bearing) radiograph and diagram of a normal
adult foot. Arrows a and b indicate the height between the distal border of the distal
phalanx and the ground surface. A = proximal phalanx, B = middle phalanx, C = distal
phalanx, D = navicular bone.

congruous. There is sometimes a smoothly outlined V-shaped notch in the
articular margin of the distal phalanx (Figure 2.8c, page 42). The middle of
the articular margin of the middle phalanx may be slightly flattened. The
width of the joint space will depend on the amount of weight being borne
on the foot, and the presence of any effusion within the joint.
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Figure 2.7(d) Palmaroproximal-palmarodistal radiograph and diagram of a normal
adult distal phalanx.

Dorsoproximal-palmarodistal oblique view

The appearance of the distal phalanx on the dorsoproximal-palmarodistal
oblique upright pedal and high coronary views is essentially the same
(Figure 2.7b, page 35). The solar margin is well defined, describing a regular
curved outline. Some irregularity may be present. The distal phalanges of
the hind feet are narrower and have a slightly more pointed outline at the
toe than those of the front feet.

A distinct somewhat blunted V-shaped notch (crena marginis solearis)
may be present in the midline in the dorsal aspect of the solar margin of the
bone. This is usually present bilaterally, and is variable in size (up to 1.5cm
in depth).

Vascular channels are evident as radiolucent lines, radiating between the
solar canal and the solar margin. They are variable in number and width,
and may appear to narrow or widen slightly close to the solar margin.

The solar canal is evident as an irregular, roughly U-shaped lucency
running through the centre of the distal phalanx, extending from the level
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Figure 2.7(e) A flexed dorsal 60° lateral-palmaromedial oblique view and diagram of
the pastern and foot of a normal adult horse. A = proximal phalanx, B = middle
phalanx, C = distal phalanx, D = navicular bone.

of the distal interphalangeal joint to approximately midway between the
joint and the solar margin of the bone.

The distal interphalangeal joint is evident as two distinct lines, the upper-
most representing the palmar aspect of the articulation of the distal phalanx
with the middle phalanx, close to its articulation with the distal sesamoid
(navicular) bone. The lower of the two lines represents a more dorsal
portion of the articular surface of the distal phalanx, its exact position
depending on the angulation of the bone when radiographed.
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Dorsopalmar (weight bearing) view

In the dorsopalmar (weight bearing) view (Figure 2.7c, page 36), the open-
ings of the solar canal are seen as two distinct circular foramina distal to the
articular surface.

The extensor process may be difficult to visualize as it lies superimposed
over the distal end of the middle phalanx and the navicular bone.

The parietal sulci (dorsal grooves) of the distal phalanx are seen as
notches on the lateral and medial aspects of the bone.

The solar margin of the bone should be an equal distance from the
ground surface of the foot laterally and medially.

Palmaroproximal-palmarodistal oblique view

The palmar aspect of the palmar processes of the distal phalanx are seen
on either side of the navicular bone (Figure 2.7d, page 37). The axial and
abaxial surfaces have a relatively smooth appearance, although some
irregular lucencies within the body of each process are often present. An
oval opaque ring may be present in the processes, representing
mineralization in the base of the hoof cartilage (collateral cartilage) (see
also ‘Ossification of the hoof cartilages’, page 49). A lucent halo is evident
in the hoof wall immediately adjacent to the bone, representing the dermal
tissue and laminae of the hoof.

[39]
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Figure 2.7(f) Dorsal 45° lateral-palmaromedial oblique (flexed) view of a pastern and
foot of a normal adult horse.

Flexed dorsal 60° lateral-palmaromedial oblique and dorsal 60° medial-
palmarolateral oblique views

The contour of the extensor process of the distal phalanx is smoothly
curved. Depending on the degree of flexion, one of the condyles of the
middle phalanx may be partially superimposed over the extensor process.
The eminence for the attachment of a collateral ligament on the distal
aspect of the middle phalanx on the opposite side is also seen (Figure 2.7¢).
A lucent line courses obliquely across the distal phalanx. This may be either
an edge effect created by the superimposition of the contralateral palmar
process, or a frog shadow, depending on the projection angle. It should not
be confused as a fracture. There is a variably sized notch or foramen on the
palmar aspect of the palmar process, the parietal incisure or foramen of the
palmar process, leading to the parietal sulcus (dorsal groove).

The dorsal 60° lateral-palmaromedial oblique view (Figure 2.7¢) allows
better evaluation of the proximal and distal interphalangeal joint margins
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Figure 2.7(g) Lateral 45° proximal-medial distal oblique view to highlight the lateral
palmar process of the distal phalanx.

than the dorsal 45° lateral-palmaromedial oblique view (Figure 2.7f). The
lateral 45° proximal-medial distal oblique view permits more assessment of
the lateral palmar process (Figure 2.7g).

NORMAL VARIATIONS AND INCIDENTAL FINDINGS

A small circumscribed bony ‘fragment’ palmar to the palmar processes of
the distal phalanx may represent a separate ossification centre or possibly
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Figure 2.8(a) Dorsoproximal-palmarodistal oblique view of a
normal adult horse. There is a large notch at the toe of the distal
phalanx, the crena solearis.

Figure 2.8(b) Lateromedial view of the distal phalanx of a
normal adult horse, the same horse as Figure 2.8(a). Note the
irregular appearance of the dorsal margin of the bone at the toe
(arrow). This is created by the large crena solearis.

Figure 2.8(c) Lateromedial view of a distal interphalangeal joint
of an adult horse. There is a V-shaped notch in the middle of the
articular surface of the distal phalanx, of questionable clinical
significance.

a fracture sustained early in life. When present they are usually evident
palmar to both palmar processes of both feet, although they may only occur
in one foot or at one process. Their diameter may vary between approxi-
mately 1 and tomm. They should not be confused with clinically significant
fractures of the palmar process, which are usually larger, and tend to have
a sharper division from the body of the bone (see pages 54 and 56).

A small radiopaque ‘fragment’ less than approximately 6mm in
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diameter is sometimes present proximal to the extensor process (Figure
2.10). This is usually present in the midline, and may represent a separate
centre of ossification, a fracture, or dystrophic mineralization within the
tendon. They may be present bilaterally. Many of these fragments have a
smooth outline, but trabeculation of the fragment may be seen. They may
be of no clinical significance, although some may cause lameness (see
‘Significant findings’, pages 56—7).

Some degree of ossification of the hoof cartilages may be regarded as
normal. Fusion between the ossified cartilage and the distal phalanx may
not be present, may be incomplete or be complete. One or several
ossification centres may be present, either proximally, midway or distally in
the cartilage. The lateral cartilage is ossified more frequently than the medial
cartilage (see page 49).

In some cases the parietal sulci of the distal phalanx appears as a
foramen rather than a notch.

SIGNIFICANT FINDINGS

Pedal osteitis

The term pedal osteitis strictly means inflammation of the distal phalanx,
and has been widely used to describe a broad spectrum of radiographic
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Figure 2.9 Lateromedial radiographs of
the extensor process of normal distal
phalanges, showing the variation in
shape that may occur.

Figure 2.10 Lateromedial radiograph
showing a radiopaque body proximal to
the extensor process of the distal
phalanx (these fragments are of variable
clinical significance — see pages 56—7.
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Figure 2.11(a) Pedal osteitis complex.

Dorsoproximal-palmarodistal oblique
(‘upright pedal’) view of the distal
phalanx, showing demineralization of
the solar margin and discrete circular
lucent areas in the palmar processes.

abnormalities of the distal phalanx. It is likely that there are both septic and
aseptic forms of what has become known as ‘pedal osteitis’, but there is cur-
rently a dearth of information concerning the aetiology of some of the
radiographic changes described. The authors acknowledge that there is a
wide variation in the radiographic appearance of the distal phalanx in
apparently normal horses, and that any radiographic changes that develop
in the distal phalanx tend to persist. Because of the present lack of knowl-
edge, the authors have elected to describe several discrete radiographic
findings and their associated clinical signs under the general heading of
‘pedal osteitis complex’, without ascribing a specific name or aetiology to
them. Other conditions with a known aetiology are then discussed under
separate subheadings.

Pedal osteitis complex

The most common change referred to as part of the pedal osteitis complex
is remodelling of the solar margin of the bone. Changes are most obvious
on dorsoproximal-palmarodistal oblique views (Figure 2.11a). The solar
margin of the bone loses its relatively smooth, opaque outline due to de-
mineralization. In mild cases the bone near the solar margin may have some
increased radiolucency, making its visualization difficult. In more severe or
long-standing cases, larger areas of bone may be resorbed from the solar
margin of the bone, resulting in apparent widening of the vascular channels
primarily at the solar margin.

On lateromedial views these changes may be evident as remodelling of
the tip of the bone, the solar margin no longer showing a straight outline
but curving proximally towards the dorsal aspect of the bone. This change




appears to be exaggerated if the radiograph is not a true lateromedial
projection. In more advanced cases new bone may be laid down on the
dorsal surface of the bone at the toe. This change is frequently seen in
animals that, over a period of time, have taken an increased pressure on the
sole, e.g. after laminitis, or in horses with badly dropped soles. Active bone
formation along the distal portion of the dorsal cortex is nearly always
considered abnormal. Slight new bone formation seen in oblique views
along the middle portion of the dorsal cortex is sometimes seen in horses
not displaying lameness and may not be of clinical significance.

A second change associated with the pedal osteitis complex is seen
in the palmar processes of the distal phalanx. It is best visualized on
dorsoproximal-palmarodistal oblique or palmaroproximal-palmarodistal
oblique radiographs. Discrete circular radiolucent areas, 2mm or 3mm in
diameter, are present in the palmar processes of the bone, and these may
be associated with new bone, particularly on the axial surfaces of the palmar
processes (Figure 2.11a). Modelling changes of the palmar processes may
also be seen in a lateromedial view. The solar aspect of the palmar processes
may have an irregular outline (Figure 2.11b). There may be a change in
shape with elongation of the palmar processes, seen also in a flexed
dorsolateral-palmaromedial (or dorsomedial-palmarolateral) oblique view
(Figure 2.11¢). These changes are sometimes seen in association with an
abnormally thin sole and/or abnormal orientation of the solar surface of the
distal phalanx seen in a lateromedial view. The solar surface of the distal
phalanx may be horizontal, or the palmar processes may be lower than the
toe (see also ‘Long-toe, low-heel syndrome’, page 60).

These changes, and those described above, are probably associated with
concussion of the bone and may be related to poor foot conformation and
shoeing imbalances. They may be associated with lameness that is most
marked on hard surfaces. Treatment is by corrective trimming and shoeing.
Although the condition may resolve clinically, the radiological changes
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Figure 2.11(b) Lateromedial view of the
distal phalanx of a 12 year old Selle
Francais with low, collapsed heels and
foot pain. There is modelling and
irregularity in outline of the solar
margin of the distal phalanx. Nuclear
scintigraphic examination confirmed
increased bone activity in this area. Note
also the small radiolucent zone
immediately distal to the extensor
process.



(d)

Figure 2.11(¢) Dorsal 60° medial-palmarolateral (flexed)
oblique view of the distal phalanx of a 10 year old Dutch
Warmblood with low, collapsed heels and foot pain. There is
modelling and elongation of the medial palmar process of the
distal phalanx. Nuclear scintigraphic examination confirmed
increased bone activity in this region.

Figure 2.11(d) Pedal osteitis complex. Lateromedial radiograph
of the dorsal surface of the dorsal phalanx, showing
mineralization (arrow) in the dermal laminae. (N.B. This is a
slightly oblique view.)

usually remain throughout life. Nuclear scintigraphy may help to determine
the significance of these radiographic changes within the distal phalanx.
Mineralized lesions on the dorsal wall of the distal phalanx may be seen
(Figure 2.11d). These are usually approximately midway between the prox-
imal border and solar margins of the bone on its dorsal surface, either in
the midline or slightly to either side of it. These lesions are best visualized
on a lateromedial or slightly oblique lateromedial view. Slight irregularities
associated with the parietal sulci may be normal. The aetiology of this lesion
is uncertain. It may represent new bone on the dorsal surface of the distal
phalanx, or mineralization within the dermal tissue or dermal laminae.
Although slight roughening of the dorsal cortex may be an incidental
finding, mineralization in the laminae is usually associated with lameness.

Infectious osteitis

The pedal bone has no medullary cavity and therefore infection of this bone
is, strictly speaking, an infectious osteitis, not osteomyelitis. Infections of the
foot are common, but only infrequently do they involve the distal phalanx,
with a resultant infectious osteitis. When present, infection most commonly
involves the dorsal or solar surfaces of the distal phalanx, where it may cause
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Figure 2.12(a) Infection of the distal phalanx. Dorsoproximal-
palmarodistal oblique view of the distal phalanx, showing
modelling of the toe of the bone (arrow) due to infection.

Figure 2.12(b) Infection of the distal phalanx. Dorsoproximal-
palmarodistal oblique view of the distal phalanx, showing lucent
areas (arrowed) surrounded by sclerosis. These represent
inspissated pus within the distal phalanx. (The increased opacity
at the toe of the bone is due to superimposition of the block
supporting the foot.)

Figure 2.12(c) Osseous cyst-like lesion. Dorsoproximal-
palmarodistal oblique view of the distal phalanx, showing an
osseous cyst-like lesion (arrow) in the distal phalanx. The lesion
is surrounded by sclerosis, and in this case no connection to the
distal interphalangeal joint is evident.

focal demineralization (this may appear on a dorsoproximal-palmarodistal
oblique view as a defect in the solar margin of the bone; Figure 2.12a). The
lucent lesion usually has an irregular margin and there is seldom surround-
ing sclerosis, although new bone may be present at its margins (most easily
seen on tangential views). There may be signs of chronic bone inflammation
including a focal or generalized loss of radiopacity and widening of the
vascular channels. Early lesions are more difficult to detect and are seen as
an irregular margin or ill-defined lucent area in the solar margin of the distal
phalanx. High quality radiographs are essential. In more advanced cases a
radiopaque sequestrum is sometimes seen, surrounded by a lucent border.

Infectious osteitis is extremely painful and usually requires surgical
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treatment. The prognosis following surgery is fair to guarded (see also
‘Infection’, pages 60-61).

Penetrating wounds through the sole of the foot may result in infectious
osteitis of the solar surface of the distal phalanx. Initially this will show as
a lucent area of bone on a dorsoproximal-palmarodistal oblique view. Occa-
sionally antibiotic treatment of these lesions will result in a pocket of inspis-
sated pus being walled off within the distal phalanx. This may result in a
well-defined radiolucent zone appearing as an osseous cyst-like lesion
(Figure 2.12b). These lesions may cause intermittent lameness when the
horse is worked on a hard surface. Close examination of these lesions will
show no connection with the distal interphalangeal joint, which may help to
differentiate them from other osseous cyst-like lesions.

Osseous cyst-like lesions

Osseous cyst-like lesions not connected to the distal interphalangeal joint
may be associated with infectious osteitis (see above).

Solitary osseous cyst-like lesions (see Chapter 1, page 24) close to or
associated with the distal interphalangeal joint are occasionally seen. Care
should be taken not to confuse this with a lucency created by a cavity
frequently seen in the centre of the frog. They are generally most easily
visualized on the dorsopalmar or dorsoproximal-palmarodistal oblique
views (Figure 2.12¢). When cysts are present, the distal interphalangeal joint
should be carefully inspected for evidence of secondary degenerative joint
disease. Lameness associated with osseous cyst-like lesions in the midline
rarely resolves with conservative treatment. Surgical treatment of the cyst
has proved successful in some cases. Small osseous cyst-like lesions (1-3 mm
diameter) may occur at the lateral or medial border of the distal interpha-
langeal joint, and a better prognosis may be given for conservative treat-
ment in these cases. Osseous cyst-like lesions may occasionally be seen at a
pre-purchase examination in a clinically sound horse. Their significance is
unpredictable.

An ill-defined osseous cyst-like lesion may be seen in the axial aspect of
a palmar process of the distal phalanx in association with tearing of one of
the collateral ligaments of the distal interphalangeal joint.

Tumours

The most common tumour to involve the distal phalanx is a keratoma.
Typically it is seen on a dorsoproximal-palmarodistal oblique view.
Additional oblique views may be required for better visualization. Pressure
from the tumour on the dorsal wall of the distal phalanx causes resorption
of bone. This is most easily seen at the solar margin of the bone, where a
distinct semicircular notch is evident. This has a smooth outline, the bone
underlying the keratoma frequently being sclerotic, which helps to
differentiate this lesion from infection. There is usually no new bone
associated with the lesion (Figure 2.13a).

Keratomas may occur at any point in the hoof wall, causing
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deformation of the wall, sole and white line. They are most commonly seen
in the dorsal half of the foot. A keratoma may cause lameness as it enlarges,
and may be associated with secondary infection. Treatment is by surgical
removal of the keratoma and carries a reasonable prognosis, although the
tumour may recur up to several years later.

Other tumours have been recorded infrequently (e.g. neurofibroma,
haemangioma). They tend to be associated with remodelling of adjacent
bone (Figure 2.13b).

Ossification of the hoof cartilages (side bone)

A degree of mineralization of the hoof cartilages is a very common finding,
particularly in heavy breeds, and is frequently not associated with clinical
signs. Ossification, or mineralization progressing from the distal aspect of
the cartilage proximally to the level of the proximal border of the navicu-
lar bone, may be considered a normal process in any animal of 2 years of
age or more (Figure 2.14). Ossification may commence in the proximal half
of the cartilage and spread outwards. This is usually asymptomatic (Figure
2.15). Although these changes are unlikely to cause overt lameness, they
may result in some shortening of the forelimb stride. The proximal half of
the cartilage is directed slightly axially, and where ossification occurs from
the base and from the proximal half of the cartilage simultaneously, a
radiolucent line may be apparent at the point where the two meet (Figure
2.16, page 51), frequently at the level where the axial deviation in the
cartilage occurs. This may be difficult to differentiate from a fracture of the
cartilage. Fracture of an ossified cartilage is a rare occurrence, but will cause
acute onset of lameness which normally resolves with rest. Completely
ossified cartilages are rarely seen, and may extend proximally to the level
of the proximal interphalangeal joint (Figure 2.17, page 51).
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Figure 2.13(a) Keratoma.
Dorsoproximal-palmarodistal oblique
view of the distal phalanx. There is a
large, smoothly outlined defect in the
distal phalanx (arrow) resulting from
resorption of bone due to pressure
caused by a keratoma.

Figure 2.13(b) Fibrosarcoma.
Dorsolateral proximal-palmaromedial
distal oblique view of the distal phalanx,
showing modelling of the bone resulting
from a fibrosarcoma.
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Figure 2.14 Ossification of the cartilages of the foot. Ossification from the distal
aspect of the cartilages: (a) lateromedial view; (b) dorsoproximal-palmarodistal
oblique view.

(b)

Figure 2.15 Ossification of the cartilages of the foot. Separate centres of ossification in
the proximal half of the cartilages and in the distal aspect of the cartilages: (a) slightly
oblique lateromedial view — note that the proximal areas of ossification are seen as
poorly defined radiopaque areas (arrowed) proximal to the navicular bone; (b)
dorsoproximal-palmarodistal oblique view.
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Figure 2.16 Ossification of the lateral cartilage of the foot. Separate centres of
ossification in the proximal and distal aspects of the cartilage have met to give almost
complete ossification of the cartilage. Note that there is a lucent line where the two
areas meet (arrow). This is not a fracture of the ossified cartilage. (a) Lateromedial
view; (b) dorsoproximal-palmarodistal oblique view.

(a) (b)

Figure 2.17 Complete ossification of the cartilages of the foot: (a) lateromedial view;
(b) dorsoproximal-palmarodistal oblique view.
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Figure 2.18 Entheseophytes on the
extensor process of the distal phalanx
(arrow) (slightly oblique lateromedial
view).

Figure 2.19 Lateromedial view of the
distal phalanges of a 7-year-old
Warmblood showjumper with lameness
substantially improved by analgesia of
the distal interphalangeal joint. There is
considerable modelling of the extensor
process of the distal phalanx. This view
is slightly oblique; thus accurate
evaluation of the distal dorsal aspect of
the middle phalanx is difficult.

Entheseophytes on the extensor process of the distal phalanx

The common digital extensor tendon inserts on the extensor process of the
distal phalanx. Tearing of the insertion will result in lameness, and
entheseophyte formation on the dorsal aspect of the extensor process,
rather than at its apex (Figure 2.18). This change must be distinguished from
the normal variation in shape of the extensor process (see Figure 2.9, page
43). The outline caused by formation of entheseophytes is irregular, and
there may be alteration in the opacity and trabecular structure of the under-
lying bone. Its significance must be interpreted in the light of clinical signs,
since the radiographic changes persist despite resolution of lameness.

Entheseophytes at the insertion of the deep digital flexor tendon

The deep digital flexor tendon inserts on the facia flexoria of the distal
phalanx, in a smoothly outlined concavity (Figure 2.7a, page 34). The cortex
of the bone at this site should be smooth and regular as it meets the more
proximal site of the insertion of the distal sesamoidean impar ligament.
Tearing of the attachment of the deep digital flexor tendon may result in
irregular new bone formation, or ill-defined lucent areas in the normally
uniformly opaque bone. It may be associated with lameness.

Degenerative joint disease of the distal interphalangeal joint

Degenerative joint disease of the distal interphalangeal joint is a common
cause of lameness, although frequently associated with little, if any,
radiographic change. Radiographic abnormalities are seen most easily on
lateromedial (Figure 2.19) and flexed oblique views (Figure 2.20). Remod-
elling of the extensor process of the distal phalanx is commonly, but not
invariably, associated with degenerative joint disease (see ‘Entheseophytes
on the extensor process of the distal phalanx’ above), and its presence
should alert the clinician to examine the joint carefully. Radiographic
changes of degenerative joint disease include periarticular and periosteal
osteophytes on the proximal articular margin of the distal phalanx, on the
distodorsal and/or distal palmar aspects of the middle phalanx, and slight
irregularity and incongruity of the joint surfaces, particularly the articular
surface of the extensor process. Periarticular osteophytes on the dorso-
proximal aspect of the navicular bone may also be an indicator of arthritis,
but should not be confused with entheseophyte formation. Non-articular
new bone on the dorsal diaphysis of the middle phalanx (see page 94 and
Figure 2.53, page 100) should not be confused with periarticular osteophyte
formation, and is not necessarily associated with degenerative joint disease.
In more advanced cases some subchondral bone lucency may be visible at
the dorsal aspect of the joint, and there may be narrowing or unevenness
of the joint space visible on a dorsopalmar (weight bearing) view. (This
should not be confused with the distal interphalangeal joint space being
widened on one side due to a hoof imbalance. A mediolateral hoof
imbalance may result in this appearance on dorsopalmar views, despite the
horse bearing full weight on the limb, and this is not synonymous with
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degenerative joint disease. A mediolateral hoof imbalance may also make
it difficult to obtain true lateromedial views.)

Degenerative joint disease carries a poor prognosis once radiographic
changes are present, although remodelling of the extensor process alone
may not be associated with current lameness. Some cases will respond for
a time to careful balancing of the feet, and the use of anti-inflammatory
drugs and intra-articular medication. Modelling changes of the distal inter-
phalangeal joint are sometimes seen in association with navicular disease.

Subluxation of the distal interphalangeal joint

Subluxation of the distal interphalangeal joint is usually the result of partial
or complete disruption of the deep digital flexor tendon. It is best identified
on a lateromedial projection. There is widening of the joint space and the
middle phalanx is displaced in a palmar direction.

Fractures

Common fracture sites of the distal phalanx are shown in Figure 2.21. A
fracture through the body or a palmar process of the distal phalanx may ini-
tially be difficult to visualize on radiographs, but after 7-10 days some
rarefaction adjacent to the fracture occurs making identification easier.
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Figure 2.20 Flexed dorsolateral-
palmaromedial oblique view of the
pastern and foot of a 6-year-old
Warmblood with degenerative joint
disease of the proximal and distal
interphalangeal joints. There is
osteophyte formation on the
dorsoproximal medial aspects of the
middle and distal phalanges. The distal
dorsomedial aspect of the middle
phalanx is also modelled. Note also the
rather irregular contour of the entire
dorsomedial aspect of the middle
phalanx and the distal palmarolateral
aspect of the proximal phalanx. This may
suggest that trauma was the inciting
cause of degenerative joint disease.
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Figure 2.21 The common fracture sites of the distal phalanx.

Sagittal, parasagittal and marginal fractures are normally best visualized on
a dorsoproximal-palmarodistal oblique view (Figure 2.22a), although a frac-
ture of a palmar process may first be suspected on the lateromedial view
(Figure 2.22b). When a fracture is suspected it may be necessary to obtain
a number of oblique views in order to visualize the fracture clearly. A frac-
ture of a palmar process may require a number of oblique views in order
to demonstrate the fracture line and to ascertain if the fracture is articular
or non-articular. Such fractures may not be detectable in a standard dorso-
proximal-palmarodistal oblique projection. Occasionally a fracture may be
suspected either on clinical grounds, or as the result of nuclear scintigraphic
examination, but it is not detectable on these standard radiographic views.
In these circumstances a palmaroproximal-palmarodistal oblique view and
weight bearing lateral 45° proximal-medial distal oblique or medial 45°
proximal-lateral distal oblique view may be helpful.

A fracture is best seen as a lucent line when the x-ray beam is in line
with the plane of the fracture (Figure 2.22c). Frequently it will appear as
two lines, representing the break through each surface of the bone. By
careful comparison of a number of slightly different oblique views, it is pos-
sible to establish whether the fracture is simple or comminuted. It should
also be remembered that more than one fracture may be present.

Clinically, a fracture of the distal phalanx presents as acute lameness,
pain to pressure and concussion of the hoof, although there may be limited
reaction if there is a palmar process fracture. Fractures of the distal phalanx
which enter the distal interphalangeal joint, occurring in animals more than
18 months old, respond best to internal fixation. Fractures which do not
enter the distal interphalangeal joint, fractures of the palmar processes of
the bone and fractures in animals of less than 18 months of age have a good
prognosis with conservative treatment, shoeing the affected foot with a
broad-webbed bar shoe. A number of cases will never show bony union
radiographically, even though clinically sound.

Non-articular osseous fragments at one or both palmar processes may
occur in foals from a few weeks to 1 year of age. These are often associated
with a club foot appearance and lameness, but are occasionally seen without
associated clinical signs. These are believed to be the result of fractures and
not secondary centres of ossification. They appear as a triangular shaped bone
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Figure 2.22(a) Sagittal fracture of the distal phalanx (dorsoproximal-palmarodistal
oblique view). Note the separate lucent lines which represent the fracture through the
dorsal and solar cortices. The shoe was left in place to give support to the foot until
the injury was fully assessed.

Figure 2.22(b) Palmar process fracture (arrows) of the distal phalanx (lateromedial
view).
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Figure 2.22(c) Palmar process fracture
of the distal phalanx (dorsoproximal
lateral-palmarodistal medial oblique
view).
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fragment of the distal angle of the palmar process, or an oblong bone frag-
ment extending from the incisure of the palmar process to the solar margin.
These fractures heal by osseous union, with rapid resolution of lameness.

A fracture of the solar margin of the bone (running parallel and adja-
cent to the margin of the bone) is best visualized on the dorsoproximal-
palmarodistal oblique view (Figure 2.23). This fracture frequently occurs in
animals that are flat footed and suffer repeated bruising of the sole. These
horses are frequently footsore and several sources of pain may contribute
to the lameness. There is seldom a history of acute onset of lameness. Many
of these fracture fragments persist radiographically, although some heal and
others appear to be resorbed. Treatment is usually by shoeing with a broad-
webbed seated-out shoe, to give increased protection to the sole. Occasion-
ally the fracture may become secondarily infected and may require surgical
removal of the fragment. A reasonable outcome can be given for these frac-
tures, but their presence often indicates that the foot is prone to concussion
and this must be taken into account when giving a prognosis.

A fracture of the extensor process is best visualized on a lateromedial
radiograph. A small radiopaque fragment proximal to the extensor process
may represent a recent fracture, a fracture sustained early in life, a separate
ossification centre, or dystrophic mineralization within the extensor tendon
(see Figure 2.10, page 43). A fragment may be homogeneously radiopaque,
with a smooth outline or have a cortex and medullary pattern. However, it is
often not possible to determine radiographically the significance of such

Figure 2.23 Fracture of the solar margin of the distal phalanx of two horses
(dorsoproximal-palmarodistal oblique view).
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fragments. Local analgesic techniques should be used to determine their
clinical significance. Lameness associated with a fragment less than approxi-
mately smm in diameter, or not involving the joint surface, frequently
resolves with conservative treatment, although the fragment may persist radi-
ographically. Lesions approximately 5—-tomm in diameter, which are shown
clinically to be causing lameness, may require surgical removal. A fracture
of the extensor process more than tomm from its proximal border carries a
poor prognosis. A large discrete osseous fragment proximal to the extensor
process, often occurring bilaterally, may be seen as an incidental finding.

Hoof

RADIOGRAPHIC TECHNIQUE

The radiographic views for examination of the hoof wall are similar to those
for the distal phalanx (see page 27); however, the exposures should be
considerably reduced in order to visualize the hoof wall, and it is preferable
not to use a grid. It is frequently useful to place a radiodense marker on the
hoof wall in order to mark its outer surface. This can be done using tape
and a piece of wire, or with barium paste. The barium is difficult to remove
completely if plain radiographs are required subsequently. In cases where
separation of the distal phalanx from the hoof wall is suspected, the use of
a small screw or thumb tack to mark a precise location on the hoof wall may
be beneficial.

For assessing hoof conformation on radiographs, care must be taken to
ensure that exact lateromedial and dorsopalmar radiographic views are
obtained. In particular, dorsopalmar (weight bearing) views must be
obtained with the horse standing squarely and bearing weight evenly on the
foot to be radiographed. To evaluate foot imbalance the x-ray beam should
be perpendicular to the foot, whereas to assess distal limb deviation the
x-ray beam should be perpendicular to the antebrachium.

NORMAL ANATOMY

Hoof shape and conformation are dependent upon hoof trimming, and feet
which are incorrectly trimmed (out of balance) may result in intermittent
lameness, due to foot pain or pain elsewhere in the limb caused by uneven
weight bearing. Assessment of hoof conformation on lateromedial and
dorsopalmar (weight bearing) radiographs can frequently aid the clinician
in diagnosing imbalance. On lateromedial views, the solar border of the
distal phalanx is closer to the bearing surface of the foot at the toe than at
the heels, sloping 5°-10° (Figure 2.24). The centre of the radius of curvature
of the distal interphalangeal joint should be vertically above the middle of
the bearing surface of the foot. The horn at the toe should be parallel to
that of the heels (this is often easier to assess clinically than on radiographs).
On dorsopalmar (weight bearing) views, the solar margin of the distal
phalanx should be the same height from the ground on the lateral and
medial aspects of the foot (Figure 2.7c, page 36).
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Figure 2.24 Normal hoof conformation. Lateromedial view. Note that A = B.

The tissues of the dermal laminae are slightly less dense than the horn
of the hoof wall. For this reason a halo effect is always seen immediately
around the distal phalanx on correctly exposed radiographs.

NORMAL VARIATIONS AND INCIDENTAL FINDINGS

Slight variation in hoof conformation is acceptable. The normal thickness
of the dorsal wall varies, with a mean of 16mm in Thoroughbreds and
a mean of 1I8mm in Warmbloods. There is also considerable individual
variation in the thickness of the sole. No other normal variations have been
recognized.

SIGNIFICANT FINDINGS
Laminitis

The primary radiographic changes detected in laminitis relate to separation
of the distal phalanx from the hoof wall. Most commonly this is evident as
a distal rotation of the toe of the bone, resulting in the dorsal wall of the
hoof ceasing to be parallel to the dorsal wall of the distal phalanx. As the
condition progresses, a faint radiolucent line may appear between the distal
phalanx and the sole or hoof wall. This initially represents serum collected
between the dermal and epidermal laminae, and is visible because of the
slight difference between fluid and horn densities. This can only be seen on
very high-quality radiographs. Subsequently this area may become more
lucent, mimicking the appearance of gas. This may develop within 12-18
days of an initial laminitis episode. This line represents necrotic laminar
tissue. The lucent lines move distally relative to the coronary band with hoof
wall growth (Figure 2.25). However, increasing width of this lucent line is
indicative of progressive rotation or laminar necrosis. With extension of the
lucent line to the sole, a portal for infection may be established (see also
‘Infectious osteitis’, pages 46-8).
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The degree of rotation may be important in assessing prognosis, but this
is subject to dispute. It is a subjective measurement and recent trimming of
the dorsal hoof wall will make the degree of rotation appear less. It may be

helpful to place a radiodense marker on the dorsal hoof wall in order to
delineate its position in relation to the distal phalanx. Since laminitis may
affect all four feet, lateromedial radiographs of all feet may be required. If
progressive rotation is suspected, radiographs obtained at regular intervals
may be valuable to monitor progress. The more marked the rotation and the
more rapidly it progresses, the worse the prognosis. Attention should also be
paid to the toe of the distal phalanx. Radiographic changes include increased
lucency of the solar margin at the toe, followed by new bone formation on
the dorsal surface of the bone (Figure 2.26). The presence of these changes
justifies a more guarded prognosis for return to full athletic function.

In ‘the sinker syndrome’ (a very severe form of laminitis), the entire
distal phalanx drops within the horny capsule. This is difficult to visualize
on a single episode radiograph, as the dorsal wall of the hoof and distal
phalanx remain parallel. Assessment of the vertical distance between the
coronary band and the extensor process of the distal phalanx compared with
the contralateral limb, or previous radiographs, may allow a more objective
assessment to be made (Figure 2.27a, page 61). There may be soft tissue
swelling at the coronary band, which appears more opaque at its dorsal
aspect. This is followed by the development of a distinct depression imme-
diately above the coronary band (Figure 2.27b, page 61). A small screw
placed in the dorsal hoof wall in these cases will help in the comparison of
repeat radiographs obtained on successive days. Further dropping of the
distal phalanx can be assessed by measuring from the marker to a set point
on the distal phalanx (usually the proximal border of the extensor process;
however, care must be taken to monitor positioning and magnification
factors when measurements are made.)

Radiographic evidence of previous laminitis is sometimes seen in a
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Figure 2.25 Lateromedial view of the
foot of a horse with laminitis. There is
rotation of the distal phalanx and a
radiolucent line under the horn of the
hoof capsule. A radiopaque marker has
been placed on the dorsal hoof wall. The
marker on the solar surface of the foot
locates the point of frog.
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Figure 2.26 Laminitis. Lateromedial
view of a case of chronic laminitis,
showing rotation of the distal phalanx.
Note the mottled lucent areas in the
separated laminae at the toe of the foot,
and new bone formation on the dorsal
aspect of the toe of the distal phalanx
(arrow). There is new horn growth
below the coronary band with
divergence of the horn distally.

clinically normal horse. This includes increased thickness of the dorsal hoof
wall, with or without a radiolucent line, and modelling of the toe of the distal
phalanx.

Treatment of laminitis must include both systemic treatment and
corrective farriery. Lateromedial radiographs are helpful to the farrier when
dressing the dorsal wall of the hoof parallel with the dorsal surface of the
distal phalanx.

Long-toe low-heel syndrome

On lateromedial radiographs of a normal foot, the centre of the radius of
curvature of the distal interphalangeal joint should be vertically above the
centre of the bearing surface of the foot (see Figure 2.24, page 58). If the
joint is over the palmar third of the bearing surface, this indicates poor dor-
sopalmar hoof balance which may result in lameness. On a standing latero-
medial radiograph it is also important to assess the position of the solar
margin of the distal phalanx relative to the ground. If the palmar processes
of the distal phalanx are closer to the ground than the toe, this indicates
extremely poor hoof balance and is usually associated with lameness (Figure
2.28a, page 62). Palmaroproximal-palmarodistal oblique views of the distal
phalanx should be obtained in these cases, to look for increased lucency
around the palmar processes indicative of separation of the laminae at the
heels (Figure 2.28b, page 62). New bone formed on the axial or abaxial sur-
faces of the palmar processes of the distal phalanx is suggestive of repeated
trauma to this area (see also ‘Pedal osteitis complex’, pages 44-6).

Infection

Infection of the foot is usually easily diagnosed clinically, but the extent of
the area involved can be difficult to assess. Radiographically lucent zones
may be seen within the hoof. These vary in shape and size, but with the
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careful use of oblique views the extent of hoof separation can be
determined. They must be distinguished from the lucent lines seen with
separation of the hoof wall in laminitis (see page 58). The margin of the
distal phalanx should be inspected carefully for evidence of infectious
pedal osteitis (see pages 46-8), particularly if infection is recurrent.

In some cases, clinical signs may indicate the presence of infection, but
a discharging sinus may be slow to occur. This is most common if the sole
is hard or unusually thick. In these cases radiographs may reveal a lucent
zone beneath or adjacent to the distal phalanx, indicating infection.

Hoof wall separation

Separation of the hoof wall may occur for a number of reasons other than
laminitis (see page 58) and infection (see above). Excessive length of horn
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Figure 2.27(a) Diagram to show a
method to evaluate ‘sinking’ of the distal
phalanx. Monitor the distance between
horizontal lines drawn at the levels of
the coronary band and the
proximodorsal aspect of the extensor
process of the distal phalanx.

Figure 2.27(b) Lateromedial view of the
front foot of a horse with severe
laminitis. The distal phalanx has sunk
within the hoof capsule. Note the
position of the distal phalanx relative to
the coronary band (large arrow). The
dorsal hoof wall is abnormally thick, and
there is also very slight rotation of the
distal phalanx. There is a radiopaque
marker on the dorsal hoof wall.
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Figure 2.28(a) Low heel conformation.
Lateromedial view. The solar surface of
the distal phalanx is abnormally aligned
with the ground (compare with Figure
2.7a). Note two clenches left in the hoof
when the shoe was removed.

Figure 2.28(b) Low heel conformation.
Palmaroproximal-palmarodistal view of
the distal phalanx, showing separation of
the laminae around the medial palmar
process seen as an area of increased
lucency (arrow).

at the toe may result in the dorsal aspect of the hoof wall lifting away from
the distal phalanx. A radiolucent area will be evident under the hoof wall
(Figure 2.29). Separation can also occur as a result of an acute traumatic
incident, e.g. jumping on hard uneven ground.

The term ‘seedy toe’ is used to describe a condition in which there
appears to be separation of the dermal and epidermal laminae, or there is
poor horn formation from the dermal laminae. The aetiology of this con-
dition is uncertain. It may initially be detected proximally and, as the
horn grows down, the separated area moves distally. Seedy toe can be seen
radiographically as a lucent area in the laminar portion of the hoof wall. It
may have no apparent opening through the hoof wall or white line when
first detected. When the distal margin of the separated area reaches the
bearing surface, trimming the foot will open into the separation which may
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then act as a portal for infection. If the lesion is extensive, the increased
loading on the adjacent laminae may result in lameness, particularly on hard
ground. The extent of the lesion may be determined by the careful use of
oblique views. (The term seedy toe is sometimes used to refer to the
separated laminae seen in the hoof after rotation of the distal phalanx in
laminitis. These two conditions should be distinguished from each other, as
they have different aetiologies and require different treatments.)

Navicular bone

RADIOGRAPHIC TECHNIQUE

In this chapter the distal sesamoid bone is referred to as the navicular bone.

Equipment

Adequate radiographs of the navicular bone can be obtained using portable
x-ray equipment, but a minimum output of 1smA at SokV is required. With
machines of low output (less than gomA at 8okV), rare earth screens
and appropriate films are essential to avoid movement blur. Machines
with a high milliamperage output allow short exposure times, and therefore
fine-grain high-definition screens and compatible films can be used to obtain
more detail. All radiographs of the navicular bone should be obtained using
a grid (8:1 ratio), with the exception of the palmaroproximal-palmarodistal
oblique view for which a grid may not be required. Careful collimation of the
x-ray beam will also enhance the quality of the radiographs.
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Figure 2.29 Laminar separation at the
toe. Lateromedial view, showing
separation of the hoof wall at the toe of
the foot. This extends up the dorsal wall
and laterally around the toe. The
granular opaque material is dirt packed
into the separated area.
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It is essential that the shoes are removed and the feet carefully cleaned
prior to radiography. Loose horn in the sole and irregular growth of the frog
should be removed. Scrubbing the feet with water can result in artefacts due
to loose packing in the frog clefts (see below).

The frog clefts need to be packed to eliminate air shadows being cast over
the navicular bone for at least one dorsoproximal-palmarodistal view, and
for the palmaroproximal-palmarodistal oblique view. This can be achieved
using Playdoh or equivalent, Vaseline or soft soap. However, the latter two
may trap air bubbles creating artefacts which may mimic pathology. There is
also the danger of the horse slipping. Packing should be kept to a minimum,
to avoid creating artefacts. The use of a water bath is not recommended as
this increases scatter, resulting in reduced contrast on the final radiograph.

Positioning

For complete evaluation of the navicular bone it is recommended that
lateromedial, dorsoproximal-palmarodistal oblique and palmaroproximal-
palmarodistal oblique views should be obtained. A second dorsoproximal-
palmarodistal oblique may be required to rule out artefacts. In some cases
a dorsopalmar (weight bearing) view should also be obtained.

Lateromedial view

This radiograph is obtained with the foot to be examined placed on a flat
block. It is preferable, but not essential, for the foot to be weight bearing.
The x-ray beam should be horizontal and centred on the end of the navic-
ular bone (approximately 1cm below the coronary band at a point midway
between the most dorsal and most palmar aspects of the coronary band).
The beam is aligned parallel to a line drawn across the bulbs of the heel, so
that it traverses the navicular bone through its long axis.

Dorsoproximal-palmarodistal oblique views

Two dorsoproximal-palmarodistal oblique views are helpful to aid recogni-
tion of artefacts. These views can be obtained using either of two techniques,
the choice of which is used is largely a matter of personal preference.

DORSOPROXIMAL-PALMARODISTAL (‘UPRIGHT PEDAL’) OBLIQUE VIEW

The best radiographs are obtained using the dorsoproximal-palmarodistal
oblique (upright pedal) view. The toe of the foot is placed on a navicular
block (see page 66), and the dorsal wall of the foot and the pastern angled
forwards at approximately 85° to the horizontal (Figure 2.30a). The x-ray
beam is kept horizontal and centred 2—3 cm proximal to the coronary band
at the midline of the foot. The beam should be well collimated. The cassette
is placed behind and as close as possible to the foot. If the navicular block
is placed too close to the horse, the fetlock and pastern joints will flex
too much and the x-ray beam will traverse too great a distance through
the middle phalanx, with resultant loss of quality of the radiograph. If
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positioned too far in front of the horse, the dorsal wall of the hoof and the
pastern become too upright and the distal border of the navicular bone is
superimposed over the distal interphalangeal joint.

A second dorsoproximal-palmarodistal (upright pedal) oblique view
may be helpful to aid interpretation and to differentiate artefacts. This view
is obtained in a similar manner to the first, but with the dorsal wall of the
hoof and the pastern vertical and the x-ray beam centred on the coronary
band (Figure 2.30b).
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Figure 2.30(a) Positioning to obtain a dorsoproximal-palmarodistal oblique view of
the navicular bone (85° upright pedal view). Inset diagram shows resultant
radiographic positioning of the distal border of the navicular bone proximal to the
distal interphalangeal joint.
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Figure 2.30(b) Positioning to obtain a dorsoproximal-palmarodistal oblique view of
the navicular bone (90° upright pedal view). Inset diagram shows resultant
radiographic positioning of the distal border of the navicular bone superimposed over
the distal interphalangeal joint.
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Figure 2.30(c) A ‘navicular block’ (used
to position the foot for radiographs of
the navicular bone and distal phalanx in
the ‘upright pedal’ position).

The first of these two views will give good visualization of the distal
border of the bone. The second view gives good visualization of the proxi-
mal border and the body of the navicular bone.

A ‘navicular block’ can take a number of forms, but is basically a solid
block of wood with a groove cut in the top in which the toe of the foot can
be rested (see Figure 2.30c¢) while the limb is held by an assistant. By moving
the block forward or backward relative to the horse, the dorsal wall of the
hoof can be positioned at different angles. A horse will normally stand
quietly if the limb is raised on a block about 25 cm high. With a smaller block
the horse will continually try to straighten the limb and stand on it.

DORSOPROXIMAL-PALMARODISTAL OBLIQUE
(‘HIGH CORONARY’) VIEW

This technique has the disadvantage that the x-ray beam is not at right angles
to the film, nor is the film parallel with the flexor surface of the navic-
ular bone (see Figure 2.2a, page 30). This results in some distortion of the
image. None the less, in some horses ease of handling the animal may out-
weigh other considerations, and some workers prefer to use this technique
routinely. The cassette is placed in a suitable tunnel on the floor, and the
horse stands on it. The x-ray beam is centred 2cm above the coronary
band in the midline, and angled distally, at an angle of at least 60° to the
horizontal (i.e. a dorsal 60° proximal-palmarodistal oblique view). It is
recommended that two views should be obtained with 10°-15° difference in
angle of the beam.

The radiographic image is normally improved by the use of a parallel
grid. A grid ratio of 6: 1 is preferable to 8: 1 because of the difficulty of align-
ing the foot, grid lines and x-ray beam. Alignment of the grid with the x-ray
beam and the foot is more difficult than with the upright pedal view.

Palmaroproximal-palmarodistal oblique view

This view is used to give good visualization of the medulla, flexor cortex and
flexor surface of the navicular bone.

The foot to be radiographed is positioned caudal to the contralateral
forelimb, on a cassette tunnel containing the cassette. The heels should be
flat on the ground, but the weight of the horse should be forward on the
contralateral limb. The x-ray machine is placed ventral to the thorax of the
horse. The x-ray beam is centred between the bulbs of the heel at the base
of the pastern at an angle of 45° to the horizontal (Figure 2.31a).

Alternatively, the horse stands on a cassette tunnel which is placed on a
wedge-shaped block, which has a slope of approximately 10°. The con-
tralateral limb is raised to restrict movement. The x-ray beam is angled at
approximately 30° from the horizontal, centring as above (Figure 2.31b). In
both techniques it is important to avoid superimposition of the palmar
aspect of the fetlock over the navicular bone.

The angle of the x-ray beam should be parallel to the flexor surface of
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the navicular bone. Both foot conformation and limb placement will have
an effect on the optimum angle of the x-ray beam. An upright foot con-
formation will require a larger angle, whereas if the heels are low the angle
should be reduced. Poor technique can create artefacts and mimic pathol-
ogy, especially poor corticomedullary definition and loss of medullary
trabeculation (Figure 2.34c,d, page 74).

Dorsopalmar (weight bearing) view

The true dorsopalmar radiograph is obtained with the horse bearing weight
on the limb (see Figure 2.3, page 31). The x-ray beam is kept horizontal, and
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Figure 2.31(a) Positioning to obtain a
palmar 45° proximal-palmarodistal
oblique view of the navicular bone. The
heel of the foot to be examined should
be on the ground, caudal to the
contralateral foot, with the weight of the
horse forward on the opposite limb. The
x-ray beam (arrow) is centred on the
midline between the bulbs of the heel, at
the distal aspect of the pastern.

Figure 2.31(b) Positioning to obtain a
palmar 30° proximal-palmarodistal
oblique view of the navicular bone, with
the foot on a wedge-shaped block, with
the toe elevated. The x-ray beam
(arrow) is centred on the midline,
between the bulbs of the heel.
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centred approximately 2cm below the coronary band at the dorsal aspect
of the foot. It is aligned perpendicular to a line tangential to the bulbs of
the heel. The cassette is placed vertically behind the foot, at a right angle to
the x-ray beam.

This is not recommended as a standard view for examining the navicu-
lar bone, but can give valuable additional information about a fracture of
the navicular bone, and about new bone on its proximal border.

Dorsoplantar views of the hind feet

It is normally easier to obtain plantarodorsal rather than dorsoplantar views
of the hind feet. The positioning of the limb for these views is the same as
for the dorsoproximal-palmarodistal oblique view of the forefeet, except
that a low flat block (5cm) is recommended for supporting the toe. The
cassette is placed in front of the foot, and the x-ray beam is centred in the
midline of the bulbs of the heel, level with the dorsal aspect of the coronary
band.

NORMAL ANATOMY
Immature horse

The navicular bone usually ossifies from a single centre, and at birth has an
oval outline on dorsopalmar views. It continues to ossify until about 18
months of age, at which time it has acquired its adult shape.

Skeletally mature horse

Lateromedial view

Lateromedial radiographs of the navicular bone show the joint surfaces
which articulate with the middle and distal phalanges (Figures 2.32a-2.32d).
The flexor surface is visualized as two lines, the more palmar representing
the sagittal ridge of the bone, and the more dorsal representing the main
flexor surface. A smooth edged depression is frequently seen in the central
part of the sagittal ridge (Figure 2.32c, page 70). The dorsal third of the distal
border of the bone articulates with the distal phalanx. At the distal palmar
aspect is a smoothly defined ridge which is the region of origin of the distal
sesamoidean impar (interosseous) ligament. There is usually a notch of vari-
able depth between the articular surface and the ridge on the distal border
of the bone, which has been referred to as a synovial fossa. Lucent zones
(also referred to as nutrient foramina and synovial invaginations of the
distal interphalangeal joint) extending proximally from this notch are gen-
erally not evident in a normal horse on the lateromedial view. A clear linear
trabecular pattern is seen within the medulla. The medulla and cortices of
the bone are distinct. In some horses the outline of the deep digital flexor
tendon is seen as a faint opacity palmar to the navicular bone.
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Dorsoproximal-palmarodistal oblique views

DORSOPROXIMAL-PALMARODISTAL OBLIQUE (‘UPRIGHT PEDAL’) VIEW

The outline of the navicular bone varies considerably between animals,
but is normally a mirror image of that of the contralateral limb (Figures
2.33a and 2.33b). Several triangular shaped lucent zones are often visible
along the distal border of the bone (see page 75). The distal border is
visualized as two lines: one (the more prominent and more proximal)
represents the articulation of the bone with the distal phalanx; the other
represents the distal border of the ridge from which the distal sesamoidean
impar ligament originates. On poorly positioned views the proximal border
of the bone may also be evident as two lines representing the palmar and
dorsal margins.
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Figure 2.32(a) Lateromedial view and
diagram of a normal adult navicular
bone. A = middle phalanx, B = distal
phalanx, C = navicular bone. Note the
distal elongation of the flexor surface of
the navicular bone and compare with
Figure 2.7(a). The joint space between
the distal aspect of the navicular bone
and the distal phalanx is convergent.
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Figure 2.32(b) Lateromedial view of a
normal adult navicular bone with a
parallel joint space between the
navicular bone and the distal phalanx
(compare with Figure 2.32a).

Figure 2.32(c) Lateromedial view of an
adult navicular bone, showing a smooth
depression in the sagittal ridge (arrow).

Figure 2.32(d) Lateromedial view of an
adult navicular bone, showing a
penetrating lesion of the flexor surface
of the bone (arrow).
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DORSOPROXIMAL-PALMARODISTAL (‘HIGH CORONARY,)
OBLIQUE VIEW

The image seen using this technique is distorted when compared with the
upright view (Figure 2.33d), the navicular bone appearing longer in a
proximodistal direction (Figure 2.33c).

Palmaroproximal-palmarodistal oblique view

The navicular bone has two distinct cortices separated by a less dense
medulla, which has a distinct trabecular pattern (Figures 2.34a and 2.34b).
The lucent zones seen on the distal border of the bone in dorsoproximal-
palmarodistal views are visible within the medullary cavity as circular or oval
lucencies. The flexor cortex has an even thickness, but a small crescentic or
oval lucency may be evident in the sagittal ridge. The thickness of the cortex
may vary between breeds and between individuals, but a sharp margin
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Figure 2.33(a) Dorsoproximal-
palmarodistal oblique view of a normal
adult navicular bone (upright pedal
view).

Figure 2.33(b) Diagram of a
dorsoproximal-palmarodistal oblique
view of a normal adult navicular bone
(upright pedal view). A = middle
phalanx, B = distal phalanx, C =
navicular bone.
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Figure 2.33(c) Dorsoproximal-
palmarodistal oblique view of a normal
navicular bone obtained using the ‘high
coronary’ technique. Note the slight
elongation of the navicular bone in a
proximodistal plane compared with
Figure 2.33(d) and loss of definition of
its margins.

Figure 2.33(d) Dorsoproximal-
palmarodistal oblique view of the same
foot as Figure 2.33(c), obtained using the
‘upright pedal’ technique.

between the cortex and the medulla should always be present. In horses with
upright foot conformation the flexor cortex is usually thinner than in horses
with more normal foot conformation.

The crescent shaped lucent zone in the sagittal ridge of the navicular
bone is rarely seen in very young horses. It represents an early change of
navicular bone modelling in response to stress and is of unknown clinical
significance. A relatively sclerotic reinforcement line develops in the sub-
chondral bone parallel with the flexor cortex in the region of the sagittal
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Figure 2.34(a) Palmaroproximal-
palmarodistal oblique view of a normal
adult navicular bone. Note the well-
defined lucency in the sagittal ridge,
which may or may not be present.
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at the sagittal palmaroproximal-palmarodistal oblique
ridge view of a normal adult navicular bone.

ridge. The intervening bone is relatively radiolucent and is projected in the
palmaroproximal-palmarodistal oblique view as the crescent shaped lucent
zone in the sagittal ridge. If the bone between the reinforcement line and
the flexor cortex becomes compacted, then the lucent zone becomes less
clear and may be obliterated.

Dorsopalmar (weight bearing) view

The navicular bone is largely obscured by the extensor process of the distal
phalanx. The medial and lateral margins of the bone are seen clearly, as is
its proximal border (see Figure 2.7c, page 36).
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Figure 2.34(c) Palmar 45° proximal-
palmarodistal oblique view of the
navicular bone of a normal horse with
an upright foot conformation. The
medulla of the navicular bone is
partially obliterated by the distal
phalanx. There is apparent sclerosis of
the medulla and poor corticomedullary
demarcation. The x-ray beam was not
parallel to the flexor surface of the
navicular bone and the foot had been
positioned too far forward. Compare
with Figure 2.34(d).

Figure 2.34(d) Palmar 50° proximal-
palmarodistal oblique view of the
navicular bone of the same horse as in
Figure 2.34(c). There is a clear
trabecular pattern within the medulla
and excellent corticomedullary
demarcation. Note also that the flexor
cortex appears narrower than in Figure
2.34(c). The sagittal ridge is relatively
flat, a normal variation.

NORMAL VARIATIONS AND INCIDENTAL FINDINGS

The outline of the navicular bone is extremely variable. Occasional cases
have been reported where the navicular bone was absent, bipartite or
tripartite. The significance of these findings is uncertain.

Lateromedial view

The navicular bone may be trapezoid in shape (Figure 2.7a, page 34), but
frequently the flexor cortex has proximal and/or distal elongations (Figure
2.32a). The joint space between the navicular bone and the distal phalanx
may be parallel (Figure 2.32b) or convergent (Figure 2.32a). The thickness
of the flexor cortex of the navicular bone is variable. It tends to be thinner
in horses with an upright foot conformation. A small, shallow smooth-edged
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depression is present in the centre of the sagittal ridge of many normal
horses (Figure 2.32c, page 70).

Smooth opaque entheseophytes on the proximal border of the
navicular bone may be evident at the insertions of the navicular collateral
ligaments. These are best seen on the dorsopalmar views (see below and
also ‘Navicular disease’, page 76).

Dorsopalmar (‘upright pedal’) view

The number and size of the lucent zones along the distal border of the
navicular bone vary between individuals and between breeds. It is probably
normal to have up to seven lucent zones in the bone, and these are normally
conical, and taller than they are wide. The hind feet generally have two or
three fewer than the front. There may be a double contour along the
proximal border of the navicular bone. This may be due either to elonga-
tion of the flexor cortex proximally, or entheseophyte formation.

New bone on the proximal border of the navicular bone may be present
in clinically normal horses. This is entheseophyte formation in the insertion
of the navicular collateral ligaments, along the proximal border of the bone.
It is normally most prominent at the medial and lateral aspects of the
proximal border, where it is sometimes referred to as spurs. Spurs are more
common on the lateral aspect of the navicular bone than the medial. The
clinical significance of these spurs is equivocal, but they indicate previous
stress to the ligaments. They are unlikely to indicate ‘navicular disease’ per
se, although they may indicate a foot imbalance. Spurs or new bone along
the proximal border may accompany other changes in the navicular bone,
and are associated with ‘navicular disease’, especially if extensive. (On plan-
tarodorsal views the navicular bone appears slightly larger relative to the
middle phalanx.)

A double contour along the distal border of the bone represents the
distal articular margin proximally and the distal aspect of the flexor cortex
distally. Discrete mineralized fragments are sometimes detectable distal to
the navicular bone (see also pages 78 and 83). Although these occur more
commonly in association with navicular disease, they are sometimes present
as an incidental finding.

Palmaroproximal-palmarodistal oblique view

Large nutrient foramina and synovial invaginations along the distal border
of the navicular bone appear as large oval-shaped lucencies within the
medulla. The thickness of the flexor cortex varies considerably between
horses and is generally thinner in Thoroughbreds than in Warmbloods. It is
usually bilaterally symmetrical unless there is disparity in foot shape. It tends
to be thinner in horses with upright foot conformation. The prominence of
the sagittal ridge varies between horses. It sometimes appears flattened.

A small well-defined crescentic or oval lucency may be evident in the
sagittal ridge (see Figures 2.34a and 2.34b, page 73).
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SIGNIFICANT FINDINGS

Structures overlying the navicular bone are easily misinterpreted as
radiographic lesions. The following should be borne in mind:

1 There is a variable sized depression in the palmar aspect of the middle
phalanx, proximal to the articular surface, which may appear relatively
lucent, and is easily superimposed over the navicular bone.

2 The clefts and central sulcus of the frog are superimposed over the
navicular bone on the dorsoproximal-palmarodistal oblique (‘upright
pedal’) view. They can mimic radiolucencies or fractures, especially if poorly
filled with packing, or if the packing becomes loose.

3 Excess and poorly distributed packing in the frog clefts can appear as
an opacity proximal to the navicular bone, mimicking entheseophyte
formation. If there is difficulty in differentiating lesions from artefacts, it is
recommended that the foot be re-packed and the view repeated using a
slight change in angle.

4 The marrow cavity in the middle phalanx, when present, is variable in
size. It is easily superimposed over the navicular bone and care should be
taken, when assessing radiographs, not to confuse it with a lucent lesion in
the navicular bone.

5 There is a row of nutrient foramina in the proximal end of the middle
phalanx running across the shaft of the bone, immediately distal to the
transverse prominence or tuberosity. These foramina are visualized to
varying degrees on the dorsoproximal-palmarodistal oblique (‘upright
pedal’) view, depending on the angle of the projection. If the pastern is
angled too far forward during radiography, these foramina may be super-
imposed over the navicular bone giving the appearance of abnormal prox-
imal nutrient foramina.

Navicular disease

There is no universally accepted definition of navicular disease based
on pathological or radiological findings. There is, however, a clinically
recognizable condition which is frequently termed navicular disease. For
the purposes of this book, the term is used to describe a clinical condition,
causing a bilateral (or occasionally unilateral) progressive forelimb lame-
ness which is not permanently alleviated by rest or corrective shoeing alone.
It is acknowledged that there are horses which show clinical signs typical of
navicular disease which may have pain arising from the navicular bone or
its associated soft-tissue structures, but the condition can be alleviated by
rest or shoeing. The term navicular syndrome can be used to encompass
these horses since they may at a later stage progress towards a less respon-
sive disease. They must be differentiated from horses which have pain in
the palmar aspect of the foot due to other causes (see ‘Long-toe low-heel
syndrome’, page 60).

Considerable controversy exists over the significance of radiographic
changes in the navicular bone. To relate them to the clinical situation, it is
probably best to use the description given on pages 68—75 as being
indicative of a normal bone, and accept that a number of apparently normal
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horses do show radiographic changes in the navicular bones. When these
changes are present in sound horses, their significance is equivocal. Some
workers consider that they may predispose the horse to developing navi-
cular disease at a later date, but this is by no means certain. Repeat
radiographs are sometimes obtained after a period of 46 months, to assess
the progression of such lesions. Progression, however, can occur in animals
which remain clinically normal, and those that become lame may show no
such progression. It is probably best, therefore, to accept that the more
changes present, and the greater the degree of change, the more likely the
horse is to have navicular disease. In the absence of radiographic abnor-
mality, navicular disease should only be diagnosed with extreme caution.

Lateromedial view

There are contradictory reports that in navicular disease the bone becomes
narrower in a dorsopalmar direction when viewed on lateromedial
radiographs.

In some cases the synovial fossa may become more prominent. In
advanced cases some lucency of the bone proximal to this notch may be
seen. In the later stages of the disease the trabecular bone may appear more
opaque and the cortex may increase in thickness. There is reduced corti-
comedullary demarcation.

When a radiolucent lesion is present in the body of the bone, it can fre-
quently be seen on the lateromedial view. If it penetrates the flexor surface
of the bone, it is evident as a sharp-edged lesion in the flexor surface
(see Figure 2.32d, page 70). This lesion must be differentiated from the pre-
viously described depression in the sagittal ridge (see Figure 2.32¢, page 70).

Entheseophytes can be seen on the lateromedial view on the proximal
and distal borders of the bone. These are described in more detail under
‘New bone formation’ (see page 80).

Irregularity of the bone at the origin of the impar ligament is an
indication that the dorsoproximal-palmarodistal oblique view should be
carefully examined. This irregularity may be due to either entheseophyte
formation in the impar ligament or to a mineralized opacity distal to the
bone.

New bone on the dorsoproximal margin of the navicular bone is an
indicator of degenerative joint disease of the distal interphalangeal
joint, and does not reflect navicular disease, although it may be seen in
association with it.

Dorsoproximal-palmarodistal oblique (‘upright pedal’) view

The distal lucent zones frequently show a change in shape from the normal
described above (see Figures 2.33a, page 71; 2.35, page 78 and 2.36, page
78). It has been suggested that lucent zones of certain shapes have a greater
significance than others, but this is still a subjective assessment. There is evi-
dence that the greater the number of abnormally shaped lucent zones, the
more likely are clinical signs of navicular disease to be present. Similarly an
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Figure 2.35 Dorsoproximal-
palmarodistal oblique (‘upright pedal’)
view of a navicular bone, showing an
increased number of lucent zones along
the distal border of the bone. These
lucent zones are of a variety of shapes,
and some are positioned to the extreme
edges of the bone. The lateral and
medial borders of the bone are
asymmetrical. If this change is seen
alone, it is not necessarily of clinical
significance.

Figure 2.36 Diagram of a
dorsoproximal-palmarodistal oblique
view of a navicular bone showing distal
nutrient foramina of different shapes
(after Colles, 1982). The numbers refer
to the scoring system of MacGregor
(1986). Larger numbers may indicate
foramina of greater diagnostic
significance.

increased number of lucent zones (more than seven), and the radiographic
appearance of lucent zones on the lateral, medial or proximal borders of
the bone, are all indicators of abnormality. An irregular appearance of
lucent zones, i.e. of many different shapes and sizes, and lucent zones sur-
rounded by a halo of sclerosis should also be viewed with suspicion.
Distinct areas of radiolucency within the navicular bone (Figure 2.37a)
which are not associated with the distal border of the bone should
always be regarded with extreme caution. Although clinical signs may
not be present at the time of examination, lameness is likely to develop. If
these lesions are detected on dorsoproximal-palmarodistal oblique
views, it is important to inspect carefully lateromedial and palmaro-
proximal-palmarodistal oblique views to ascertain whether they are con-
tained within the body of the bone or penetrate the flexor surface (Figure
2.37b). If the lesion progresses to penetrate through the flexor surface of
the bone, adhesion of the deep digital flexor tendon will result. Adhesions
may also occur in the absence of other radiological changes in the navicu-
lar bone. Once adhesions are present, a hopeless prognosis must be given.
In advanced stages of the disease there may be an appreciable increase
in opacity of the bone, with or without thickening of the flexor cortex and
loss of definition between the cortex and the medulla. This is best assessed
on the lateromedial or palmaroproximal-palmarodistal oblique views.
Mineralized fragments distal to the navicular bone may be seen
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unassociated with clinical signs, but are seen more commonly in association
with navicular disease.

Palmaroproximal-palmarodistal oblique view

On this view, alterations in the shape of the lucent zones on the distal border
of the bone cannot be identified, but increased size and numbers are some-
times evident early in the course of navicular disease.

This view will help to determine whether lucent lesions are present in
the medulla or flexor cortex of the bone, or both (see Figure 2.37b).

Localized thinning or reduced radiopacity of the cortex is associated
with fibrocartilage degeneration, which may ultimately be associated with
tendon adhesions.

The flexor cortex may become uniformly thicker, encroaching into the
medulla. The trabecular pattern of the medulla may become less obvious
due to sclerosis, resulting in loss of corticomedullary definition (Figure
2.37b). Apparent poor corticomedullary demarcation may be an artefact
(Figure 2.34c, page 74) due to inappropriate radiographic technique; it is
therefore important to compare the lateromedial and palmaroproximal-
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Figure 2.37(a) Dorsoproximal-
palmarodistal oblique view of a
navicular bone showing a marked lucent
lesion in the bone. Note that the frog
clefts are unpacked. The lesion
penetrated the flexor cortex (see Figure

2.37b).

Figure 2.37(b) Palmaroproximal-
palmarodistal oblique view of a
navicular bone with significant
radiological changes. Note: (i) the lucent
lesion in the medulla and flexor cortex
of the bone (arrows) (see also Figure
2.37a); (ii) the increased opacity of the
medulla with resultant loss of definition
between the junction of the medulla and
the flexor cortex.
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Figure 2.38 Palmaroproximal-
palmarodistal oblique radiograph of a
navicular bone. Note the irregular
outline of the sagittal ridge due to new
bone formation.

palmarodistal oblique views, and to be critical of the positioning of the
palmaroproximal-palmarodistal oblique views.

Occasionally new bone is seen on the flexor cortex (Figure 2.38). This
may be seen in the absence of other radiographic abnormalities, empha-
sizing the importance of this radiographic view in horses with suspected
navicular pathology. Such new bone warrants a poor prognosis for future
soundness.

A magnifying glass may be useful to study in fine detail the flexor cortex.

Positive contrast studies of the navicular bursa may enhance the
interpretation of flexor cartilage changes.

New bone formation

The clinical significance of new bone along the margins of the navicular
bone is questionable; however, large amounts of new bone accompanied by
other changes may be significant.

Entheseophyte formation is frequently seen in the navicular collateral
ligaments. This is seen on the proximal border of the bone on dorsopalmar
views, and on the palmar aspect of the proximal border of the bone on
lateromedial views (see page 77). Entheseophytes are believed to be evi-
dence of abnormal tension in the suspensory apparatus of the navicular
bone, and should be differentiated from osteophytes (see below). There is
a significantly higher incidence on the lateral side of the foot.

Dystrophic mineralization or ossification can occur within the navicular
collateral ligaments as a discrete opacity proximal to the lateral or medial
border of the bone. It is often, but not always, associated with lameness
(Figure 2.39).

Periarticular osteophytes are occasionally seen along the dorsal margin
of the proximal border on lateromedial views (Figure 2.40, page 82). They
are frequently seen in association with degenerative joint disease of the
distal interphalangeal joint and warrant a poor prognosis.

Entheseophytes on the distal margin of the navicular bone at the origin
of the impar ligament tend to be smaller than on the proximal border, and
are thought to be more significant.
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Figure 2.39 Radiographs of a navicular
bone, showing dystrophic mineralization
in the collateral ligaments: (a)
lateromedial view; (b) dorsoproximal-
palmarodistal oblique (‘upright pedal’)
view. Note that there is some dirt in the
frog clefts, and modelling of the
proximal border of the navicular bone.
There are a number of enlarged lucent
zones along the distal border of the
bone, some of which also show a change
(b) in shape.

Discrete radiopaque bodies may be seen along the distal border of the
bone (Figure 2.41). These are of variable aetiology, but cannot be dif-
ferentiated radiographically. They may be located within a depression in the
distal border of the bone, and are more common at the medial and lateral
borders of the bone. They may result from avulsion fractures, fractures of
entheseophytes or dystrophic ossification in the impar ligament. Their
significance is equivocal.

Mineralization in the deep digital flexor tendon

Focal mineralization occasionally occurs in the deep digital flexor tendon
overlying and/or immediately proximal to the navicular bone. The cause of
this is unknown (see Chapter 1, page 26). It carries a poor prognosis. It is
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Figure 2.40 Lateromedial view of a
navicular bone, showing periarticular
osteophytes (arrow) on the
dorsoproximal border.

Figure 2.41 Dorsoproximal-
palmarodistal oblique view of a
navicular bone, showing discrete
radiopaque bodies on the distal border
of the navicular bone (arrows). Note the
presence of abnormally shaped lucent
zones along the distal border of the
bone. There is a radiolucent line caused
by poor packing of the medial frog cleft.

‘H

most easily seen on a lateromedial view, but should not be confused
with ossification of the hoof cartilages which can be differentiated on a
dorsopalmar view.

Infection

Infection of the navicular bursa or bone usually occurs subsequent to a
penetrating wound or after an injection into the navicular bursa. Plain
radiographs obtained at the time of injury may reveal no abnormality,
but if a draining sinus is present, contrast radiography may be of value
(see ‘Fistulography’, page 581). Lateromedial and palmaroproximal-
palmarodistal oblique views should be obtained. Follow-up radiographs
may be helpful if lameness persists. Extensive ill-defined lucent lesions,
and occasionally sclerosis of the palmar cortex of the navicular bone,
warrant a very poor prognosis. If a penetrating wound has occurred,
immediate and extensive flushing of the navicular bursa and antimicrobial
treatment are required.
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Fractures

Small radiopaque bodies in the impar ligament, adjacent to the distal border
of the bone, are discussed previously (see page 78 and Figure 2.41). They
are very difficult to demonstrate clearly on any radiographic view, but are
most easily detected on the dorsoproximal-palmarodistal oblique view.

Fractures through the body of the navicular bone normally occur
parallel to the sagittal ridge of the bone, or slightly obliquely to it, and at
varying distance from it (Figure 2.42a). There is normally little or no dis-
placement, and the fracture may be very difficult to visualize, particularly in
the acute stage. After 2—4 weeks the fracture line becomes more obvious
due to bone demineralization. Subsequently lucent zones develop along the
fracture line (Figure 2.42b) and an increased number of lucent zones along
the distal border of the bone may be seen, especially in the bone immedi-
ately adjacent to the fracture. Frequently several dorsopalmar views of
slightly varying obliquity as well as palmaroproximal-palmarodistal views
are required to confirm the presence of a fracture, and to differentiate it
from overlying artefacts (such as lucent lines caused by the frog). It may
also be necessary to adjust the packing in the frog clefts. Surgical fixation
should be considered.

Fractures occasionally occur horizontally across the bone, close to and
parallel with its distal border (Figure 2.42¢). It is important to remember
that more than one fracture may occur simultaneously.

Fractures, especially in the forelimb, carry a poor prognosis for return
to work without internal fixation. A good prognosis, however, can be given
for breeding purposes.

Proximal and middle phalanges

The proximal aspect of the proximal phalanx is also discussed under “The
metacarpophalangeal joint’ (see page 100).

RADIOGRAPHIC TECHNIQUE

Equipment

Radiographs of the proximal and middle phalanges (pastern region) can
easily be obtained using portable machines. High-definition screen and
appropriate film combinations can be used even with portable equipment,
since movement blur is seldom a problem. It is unnecessary to use a grid
even in large horses.

Positioning

Survey radiographs of the proximal and middle phalanges will often be
obtained as part of the examination of the foot or fetlock. Specific views of
this area are best obtained with the horse bearing weight on the limb, and
should include lateromedial, dorsopalmar and two oblique views. When
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Figure 2.42(a) Dorsoproximal-
palmarodistal oblique view of a
navicular bone showing a sagittal
fracture of the body of the bone (the
fracture is of 3 weeks’ duration).

Figure 2.42(b) Dorsoproximal- |'I |
palmarodistal oblique view of a
navicular bone, showing a sagittal
fracture of the body of the bone (the
fracture is of 12 weeks’ duration). There
are large lucent areas adjacent to the
fracture line, and an increased number
of lucent zones along the distal border.
There is modelling of the proximal
border which may have been present
prior to the fracture occurring.

Figure 2.42(c) Dorsoproximal-
palmarodistal oblique view of a
navicular bone, showing a recent
fracture of the distal border of the bone
(large arrow). Note that there is also a
vertical component to the fracture (small
arrow).




evaluating the dorsal joint margins, flexed oblique views may be more
useful (see page 31). The x-ray beam is kept horizontal, and centred midway
between the fetlock and coronary band. The x-ray beam should normally
be aligned with reference to the bulbs of the heel in order to obtain correct
lateromedial or dorsopalmar views. Dorsoproximal-palmarodistal oblique
views may be obtained with the x-ray beam aligned at right angles to the
dorsal surface of the pastern, and angling the cassette accordingly. This view
results in less distortion, and is particularly useful for assessment of the
middle phalanx and the proximal interphalangeal joint.

Chip fractures of the phalanges are best visualized on oblique views.
Fractures of the phalanges are frequently spiral, and a series of oblique
radiographs may be required to determine their course. Fractures, separate
centres of ossification or osteochondritic lesions of the proximal palmar
aspect of the proximal phalanx may best be evaluated (and/or detected)
using dorsal 30° proximal 70° lateral-palmarodistomedial oblique or dorsal
30° proximal 70° medial-palmarodistolateral oblique views (see page 104).

Subtle osteophyte formation is sometimes best evaluated on flexed
oblique (dorsolateral-palmaromedial and dorsomedial-palmarolateral
oblique) views. These are obtained with the toe of the foot placed in a
navicular block, with the sole of the foot approximately vertical (see

page 31).

NORMAL ANATOMY

Immature horse

The proximal and middle phalanges both ossify from three centres. In both
bones the distal epiphysis unites with the shaft before birth. In foals that are
skeletally immature at birth, a lucent crescent is occasionally noted in the
distal metaphysis of the bone, which represents a non-mineralized cartilage
remnant of the physeal plate. The proximal physis closes at about 1 year of
age in the proximal phalanx, and at 8~12 months in the middle phalanx.

Skeletally mature horse

There is an area relatively devoid of trabeculae in the central part of the
proximal and middle phalanges. This is a marrow or fat cavity, and is of
variable size. It appears as a lucent zone, best seen on dorsopalmar views,
although the clarity with which it is seen will depend upon a number of
radiographic factors. It may not be visible radiographically in the middle
phalanx. On dorsopalmar views there are relatively sclerotic lines on the
medial and lateral aspects of this lucent area, which extend proximally and
distally. These are the areas of insertion of the oblique (middle) distal
sesamoidean ligaments (Figures 2.43a, page 86; 2.43b, page 87; 2.44a, page
88 and 2.44b, page 89).

On dorsopalmar radiographs, the ergot may be recognized as a
circumscribed opacity superimposed on the proximal aspect of the proxi-
mal phalanx (Figure 2.44a).
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Figure 2.43(a) Lateromedial view of the proximal and middle phalanges of a normal
adult horse.

Both the proximal and middle phalanges have a row of nutrient
foramina across the shaft of the bone at their proximal and distal ends. These
may be seen to varying degrees on dorsopalmar views depending on the
angle of projection, and are a normal finding. Care should be exercised,
when interpreting radiographs of the navicular bone, that the foramina of
the middle phalanx are not superimposed over the navicular bone giving
the appearance of abnormal proximal nutrient foramina.

On lateromedial views of the proximal phalanx, a small irregularity is
evident on the palmar aspect of the bone at approximately one-third of the
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Figure 2.43(b) Diagram of a lateromedial radiograph of the proximal and middle
phalanges of a normal adult horse. A = proximal phalanx, B = middle phalanx.

length of the bone from the distal end. This is the apex of the area of
insertion of the oblique (middle) distal sesamoidean ligaments. The irregu-
lar bone may extend proximally in an oblique lateral and/or medial direc-
tion following the line of insertion of the ligaments, and is seen more readily
on oblique radiographic views. This finding tends to be more prominent in
older horses.

There may be a circular lucency or a slightly oblique radiolucent line in
the centre of the middle or proximal phalanx on dorsopalmar and oblique
views. This represents the normal nutrient foramen of the bone.

The middle phalanx is approximately half the length of the proximal
phalanx. There are two prominent bony ridges, either side of the distal
dorsal aspect of the bone, where the collateral ligaments of the distal inter-
phalangeal joint originate. These are particularly obvious on slightly oblique
views. The ligament insertions tend to be more prominent in large horses.

The articular surface of the distal end of the middle phalanx normally
has a smooth curved outline, which extends dorsally into a point (see Figure
2.43). The central third of the articular surface may be relatively flatter than
the more dorsal and palmar aspects. The articular surfaces of the proximal
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Figure 2.44(a) Dorsopalmar view of the proximal and middle phalanges of a normal
adult horse.

and middle phalanges in the proximal interphalangeal joint are otherwise
reasonably congruous (see Figure 2.43).

NORMAL VARIATIONS AND INCIDENTAL FINDINGS

There is often new bone formation (entheseophytes) at the site of the
ligament insertions on the distal dorsal aspect of the middle phalanx, and
the palmar distal third of the proximal phalanx. This is of no long term
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Figure 2.44(b) Diagram of a dorsopalmar radiograph of the proximal and middle
phalanges of a normal adult horse. A = proximal phalanx, B = middle phalanx.

significance, but indicates that the ligaments have undergone acute or
chronic trauma at some time prior to radiography. Entheseophytes should
alert the clinician to a potential soft-tissue problem.

A small mineralized opacity may occasionally be present at the
dorsal aspect of the proximal articular surface of the middle phalanx. Local
anaesthesia may be required to assess its clinical significance.

Occasionally there are one or two small smoothly outlined, discrete
opacities on the palmar proximal aspect of the proximal phalanx. These are
present within the sesamoidean ligaments, and their origin is uncertain.
They may represent fabellae, small chip fractures sustained early in life, or
mineralization within the ligaments. Provided that they are smooth and
opaque and do not involve the joint surface, they may be regarded as an
incidental finding. They should not be confused with so-called Birkeland
fractures (see page 120).

A small rounded osseous opacity is sometimes seen at the dorsoproxi-
mal aspect of the proximal phalanx. This may be unilateral or bilateral. If
small (less than approximately 2mm in diameter) and uniformly opaque,
they may be an incidental finding (see Figure 2.72, page 125). They require
selective anaesthesia to establish their significance.
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On lateromedial radiographs, the distal end of the proximal phalanx may
appear to be displaced dorsally relative to the proximal aspect of the middle
phalanx. Although this can give the impression of subluxation, it has not
been associated with any clinical abnormalities, and is most commonly seen
in horses with upright conformation. The impression of subluxation of
this joint may also be seen in radiographs obtained with the limb non-
weight-bearing (see also ‘Subluxation of the proximal interphalangeal
joint’).

Small periarticular osteophytes are frequently seen on the dorso-
proximal aspect of the middle phalanx. Because this joint is relatively immo-
bile, small changes may not have any clinical significance, but they cannot
be differentiated from the early signs of degenerative joint disease and so
should be viewed with suspicion (Figure 2.45).

A smoothly outlined spur may be present on the palmar aspect of the
proximal end of the middle phalanx, pointing distally. The significance of
this is uncertain, and it has been seen in lame and sound horses (Figure
2.46).

The position of the nutrient foramen is variable: in some horses it is seen
on lateromedial views to enter dorsoproximally or palmarodistally.

It is important to be aware of the sites of attachment of tendons, liga-
ments and joint capsules (see Figures 2.47 and 2.48) in order to be able to
interpret the significance of new bone formation at particular sites.

SIGNIFICANT FINDINGS

A number of the findings mentioned above as incidental may at some time
have been significant. These include small discrete opacities close to the
joint margins, small osteophytes (lipping) at the dorsal aspect of the
proximal interphalangeal joint, and new bone formation (entheseophytes)
at the attachments of ligaments (Figure 2.49, page 98). All of these findings
probably result from trauma which occurred at least 3-6 weeks prior to
radiography. An active osteophyte or entheseophyte may be less opaque
than the parent bone, and have an irregular or ‘fuzzy’ outline. It is not pos-
sible to age smoothly outlined and uniformly opaque osteophytes or
entheseophytes. These lesions may be regarded as an indicator of potential
problems, but in chronic lameness should only be incriminated if they can
be shown by other techniques to be causing lameness.

Subluxation of the proximal interphalangeal joint

Subluxation of the proximal interphalangeal joint occurs most commonly in
hind limbs and may be unilateral or bilateral. It is generally seen in young
horses (up to 5 years of age), but is occasionally seen in older horses. The
horse may superficially appear normal at rest, although in some horses the
contour of the proximal interphalangeal joint appears abnormal when
viewed from the side. At the walk abnormal dorsal displacement of the distal
end of the proximal phalanx may be apparent. At faster gaits usually no gait
abnormality can be seen. Lateromedial radiographic views confirm slight
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dorsal displacement of the distal aspect of the proximal phalanx (Figure
2.50, page 98). Secondary radiographic abnormalities are rarely seen. In
some horses the condition resolves spontaneously.

Osseous cyst-like lesions

Single osseous cyst-like lesions occur in both middle and proximal
phalanges, usually close to the proximal interphalangeal joint and some-
times respond to either conservative or surgical treatment.

Multiple small osseous cyst-like lesions may be associated with degen-
erative joint disease in the proximal interphalangeal joint, and warrant a
poor prognosis. This has been described as juvenile degenerative joint
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Figure 2.45 Lateromedial view of the
pastern, showing a periarticular
osteophyte on the dorsoproximal aspect
of the middle phalanx.

Figure 2.46 Lateromedial view of the
pastern showing a ‘spur’ on the
palmaroproximal aspect of the middle
phalanx. Note the pronounced bony
ridge at the region of origin of the
collateral ligaments on the dorsal aspect
of the middle phalanx (arrow).



Figure 2.47(a) Diagram of a dorsal 15° proximal-palmarodistal

oblique view of the fetlock and pastern regions, to illustrate the Figure 2.47(b) Diagram of a dorsal 15° proximal-palmarodistal
sites of attachment for those soft tissue structures attaching to oblique view of the fetlock and pastern regions, illustrating the
surfaces seen from the dorsal aspect. Refer to Table 2.1. site of soft tissue attachments seen from the palmar aspect. See

(Adapted figure courtesy of Equine Vet. J.)

Table 2.1. (Adapted figure courtesy of Equine Vet. J.)

disease following osteochondrosis in young horses. Despite the relative
immobility of this joint, the prognosis is poor with or without surgical
intervention.

Degenerative joint disease of the proximal interphalangeal joint

In early cases of degenerative joint disease of the proximal interphalangeal
joint, there may be small osteophytes on the dorsoproximal aspect of the
middle phalanx. These are evident on lateromedial and dorsolateral-
palmaromedial and dorsomedial-palmarolateral oblique radiographs, and
careful examination of the dorsopalmar view will often reveal other subtle
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Figure 2.47(c) Diagram of a dorsal 15° proximal-palmarodistal oblique view of a
fetlock joint illustrating the sites of attachment of soft tissue structures to the palmar
(A) or dorsal (B) aspects of the proximal sesamoid bones. See Table 2.1. (Adapted
figure courtesy of Equine Vet. J.)

changes at the joint margins. In some cases, osteophyte formation may
be best evaluated in flexed oblique (dorsolateral-palmaromedial and
dorsomedial-palmarolateral oblique) views (see page 31 and Figure 2.20,
page 53). With more advanced disease there may be narrowing of the
joint space, subchondral sclerosis and more extensive marginal osteophyte
formation.

These latter changes are most easily seen on dorsopalmar radiographs
(Figure 2.51, page 99). In advanced cases, there may be extensive new bone
forming from the proximal aspect of the middle phalanx and the distal
aspect of the proximal phalanx, attempting to bridge the proximal inter-
phalangeal joint and create ankylosis.

Once radiographic changes are established the prognosis for sponta-
neous resolution of lameness and the response to intra-articular medication
are poor. Surgical arthrodesis is an option, but the prognosis for this is
guarded in competition horses.

New bone formation

The term ringbone is widely used to describe any new bone formed distal
to the fetlock. It is an imprecise term, and should be avoided.
There are many causes of new bone formation in the pastern region.
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Table 2.1 Legends for the soft tissue structures indicated in Figures 2.47 and 2.48

J1 Fetlock joint capsule

J2 Pastern joint capsule

Cia Superficial part of the collateral ligaments of the metacarpophalangeal joint

Cib Deep part of the collateral ligaments of the metacarpophalangeal joint

C2 Collateral sesamoidean ligaments of the proximal sesamoid bones

C3 Collateral ligaments of the proximal interphalangeal joint

Cq Collateral sesamoidean ligaments of the distal sesamoidean (navicular) bone

S1 Suspensory ligament

S2 Metacarpointersesamoidean ligament

S3 Intersesamoidean ligament; proximal scutum; palmar ligament of the
metacarpophalangeal joint

S4 Straight sesamoidean ligament

S5 Oblique sesamoidean ligaments

S6 Cruciate sesamoidean ligaments

S7 Short sesamoidean ligaments

S8 Middle scutum

Soa Axial palmar ligaments of the proximal interphalangeal joint

Sgb Superficial abaxial palmar ligaments of the proximal interphalangeal joint

Soc Deep abaxial palmar ligaments of the proximal interphalangeal joint

S10 Ligaments to the cartilage of the distal phalanx

A1 Palmar annular ligament

A2 Proximal digital annular ligament

A3 Distal digital annular ligament

T1 Common digital extensor tendon

T2 Lateral digital extensor tendon

T3 Superficial digital flexor tendon

These include degenerative joint disease (see page 92), a sagittal fracture of
the proximal or middle phalanx (see page 96), localized trauma, entheseo-
phytes, localized infection, and hypertrophic osteopathy (see page 15).

New bone seen in localized areas on the diaphysis of the proximal and
middle phalanges is probably due to periostitis as a result of trauma. This
may be associated with lameness. The bone will normally remodel and the
lameness resolve, unless the bone is forming in a position prone to repeated
trauma, e.g. on the medial aspect of the limb where it is constantly struck
by the contralateral limb (Figure 2.52, page 99).

Irregularly outlined pallisading new bone is sometimes seen on the
dorsal diaphysis of the middle phalanx in a lateromedial view (Figure 2.53,
page 100). This is generally associated with lameness relieved by intra-
articular analgesia of the distal interphalangeal joint. The aetiology is un-
known. The bone lies within the dorsoproximal out-pouching of the distal
interphalangeal joint capsule and surgical debridement of this new bone
may result in resolution of lameness. Occasionally smoothly outlined new
bone is seen at the same site unassociated with clinical signs.

New bone unassociated with the interphalangeal joints may develop,
encircling the phalanges. The aetiology is unknown. It is usually associated
with chronic lameness.

New bone on the dorsoproximal aspect of the middle phalanx must be
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Figure 2.48(a) Diagram of a lateromedial view of the fetlock and pastern regions
showing the sites of attachment of soft tissue structures. See Table 2.1. (Adapted figure
courtesy of Equine Vet. J.)

differentiated from that associated with a partial or complete sagittal frac-
ture of the middle phalanx (see page 96 and Figure 2.55, page 102).

There may be fairly extensive new bone on the dorsal aspect of the
proximal phalanx and/or the proximal aspect of the middle phalanx, which
does not extend to the joint margins. If there are no periarticular changes,
this new bone is not synonymous with degenerative joint disease (see page
02), although it may be associated with lameness.

New bone (entheseophytes) is often seen at the region of insertion of
the distal sesamoidean ligaments, probably due to chronic or acute stress on
the ligaments (see Figure 2.49, page 98). This may cause lameness initially
while actively forming, but is not of long-term significance. It should alert
the clinician to the possibility of soft-tissue injury. Ultrasonography may be
used to assess the ligaments.
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Figure 2.48(b) Diagram of an oblique view of the fetlock and pastern regions to
illustrate soft-tissue attachments seen from the dorsomedial or dorsolateral aspects.
See Table 2.1. (Adapted figure courtesy of Equine Vet. J.)

Fractures

Fractures of the proximal and middle phalanges are relatively common (see
Figure 2.71, page 124). Small chip fractures of the proximal phalanx are
described elsewhere (see page 124) and are of varying significance.
Midline sagittal fractures occur in both bones, but are more common in
the proximal phalanx. They frequently follow a spiral course and are
generally visualized as a double radiolucent line extending through the dia-
physis of the bone. Each line represents cortical discontinuity (Figure 2.54,
page 101). There are three principal types of midline sagittal fracture:
1 A fracture extending from the proximal to the distal joint, and entering
both joints.
2 A fracture extending from either joint and exiting through the cortex.
3 Anincomplete fracture extending from one of the two joints into the dia-
physis of the bone (Figure 2.55a and b, page 102). These may only involve the
dorsal cortex.
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Figure 2.48(c) Diagram of an oblique view of the fetlock and pastern regions
illustrating the site of soft-tissue attachments seen from the palmarolateral or
palmaromedial aspects. See Table 2.1. (Adapted figure courtesy of Equine Vet. J.)

Initially there may be little or no displacement, and the fracture may be
difficult to visualize. For this reason a series of oblique views should be
obtained if there is any suspicion that such a fracture may be present. A
series of oblique views may also be needed to determine the exact configura-
tion of a fracture. Incomplete fractures may not be detected radiographi-
cally until callus forms as part of the normal healing process. This is seen as
new bone on the dorsal aspect of the phalanx (Figures 2.55a and 2.55b, page
102) and may be detected on lateromedial radiographs. Reduced expo-
sures are needed to demonstrate this poorly mineralized new bone. Non-
displaced sagittal fractures may be accompanied by remarkably little
lameness, and this has led to such cases being returned to work undiagnosed.
The consequences of working such a case can be disastrous, and therefore
suspected cases should be re-radiographed after 10 days, when rarefaction
along the fracture line may be more obvious (nuclear scintigraphy may be
useful for early diagnosis in these cases). Incomplete fractures have a good
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Figure 2.49 Lateromedial view of the
pastern (slightly oblique), showing
entheseophyte formation on the palmar
aspect of the proximal phalanx at the
region of insertion of the distal
sesamoidean ligaments.

Figure 2.50 Lateromedial view of the
pastern and foot of a hind pastern of a 5
year old Arab, with a history of an
audible click associated with the pastern
of approximately 8 months’ duration.
The horse occasionally stumbled, but no
lameness was detectable. The distal
aspect of the proximal phalanx is
positioned slightly dorsal relative to the
middle phalanx, i.e. there is subluxation
of the proximal interphalangeal joint.




Figure 2.51 Dorsopalmar view of the pastern, showing Figure 2.52 Dorsopalmar view of the pastern, showing new

degenerative joint disease of the proximal interphalangeal bone on the medial aspect of the proximal phalanx caused by
joint. Note the narrowing of the medial aspect of the joint, and repeated trauma (the oblique radiolucent line, arrowed,
modelling of the articular margins. There is sclerosis of the represents a nutrient vessel).

proximal end of the middle phalanx, and mottled opacity of the
distal end of the proximal phalanx, due to new bone on the
dorsal aspect of the joint.

prognosis with conservative treatment, but repeat radiographs should be
obtained to ensure healing does take place. Simple fractures of the proxi-
mal or middle phalanx respond well to internal fixation, but comminuted
fractures are common and may be so extensive that any treatment is hope-
less. Casting severely comminuted fractures will occasionally save an animal
for breeding purposes.

Fractures of the dorsal and palmar/plantar aspects of the proximal
end of the proximal phalanx occasionally occur. Dorsal 30° proximal 70°
lateral-palmarodistomedial oblique and dorsal 30° proximal 70° medial-
palmarodistolateral oblique views are helpful for visualization of such frac-
tures (see page 104). These may occur as simple fractures or in combination
with sagittal fractures. Palmar fractures frequently involve either the medial
or lateral tuberosity of the proximal phalanx (Figure 2.56, page 103). It is pos-
sible for both tuberosities to fracture separately or for a complete fracture of
the palmar/plantar aspect of the bone to occur. Fractures of the tuberosity
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Figure 2.53 Lateromedial view of the middle and distal interphalangeal joints of an 8
year old horse, with lameness alleviated by intra-articular analgesia of the distal
interphalangeal joint. There is pallisading new bone on the dorsal cortex of the
diaphyseal region of the middle phalanx, within the distal interphalangeal joint capsule.

usually involve only a proximal fragment, but occasionally extend down the
diaphysis. They may be articular or non-articular, and may require surgical
fixation. Small fractures of the palmar or plantar articular margin occur on
the axial aspect of the medial or lateral tuberosity, near the insertion of the
cruciate sesamoidean ligaments. These are more common in hind limbs and
have been referred to as Birkeland fractures. Surgical removal of these frac-
tures may be indicated. Dorsal frontal fractures also occur, predominantly
in hind limbs. They are often incomplete. Incomplete fractures have a good
prognosis with conservative treatment, but complete fractures usually
require surgical treatment. Articular fractures of the distal medial or distal
lateral aspect of the middle phalanx, from the site of insertion of the collat-
eral ligament of the distal interphalangeal joint, sometimes occur. Multiple
flexed oblique views may be required to identify the fracture (Figure 2.57,
page 104). Surgical removal usually results in a satisfactory outcome.

Dystrophic mineralization

Dystrophic mineralization occasionally occurs in the distal sesamoidean
ligaments. Its significance is equivocal. Ultrasonography may be useful.

Metacarpophalangeal (fetlock) joint

RADIOGRAPHIC TECHNIQUE

Although this section refers to the metacarpophalangeal joint, it applies
equally well to the metatarsophalangeal joint.
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Figure 2.54 Dorsopalmar view of the pastern, showing a complete sagittal fracture of
the proximal phalanx (note the double lucent line which represents the fracture
through the dorsal and palmar cortices).

Equipment

Radiographs of the metacarpophalangeal joint are readily obtained with
portable equipment and do not require the use of a grid. High-definition
screens and compatible film are recommended when available.

Positioning

Dorsopalmar, lateromedial, dorsolateral-palmaromedial oblique and
dorsomedial-palmarolateral oblique views

Standard views of the metacarpophalangeal joint are obtained with the
horse weight-bearing, using a horizontal x-ray beam. The views should
include a minimum of dorsopalmar (dorsoplantar), lateromedial and two
45° oblique views (D45°L-PaMO, D45°M-PalLO). Initial exposures should
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(a)

Figure 2.55(a) Lateromedial view of the
pastern, showing new bone on the
dorsoproximal aspect of the proximal
phalanx (arrow) secondary to an
incomplete sagittal fracture of
approximately 6 weeks’ duration.

Figure 2.55(b) Dorsopalmar view of the
pastern, showing an incomplete sagittal
fracture of the proximal phalanx (arrow)
of approximately 6 weeks’ duration.
Note that much of the fracture line is
superimposed over the distal end of the
third metacarpal bone. There is some
sclerosis around the fracture in the
proximal phalanx.

(b)

give good visualization of the trabecular pattern of the distal metacarpus,
but may be reduced for evaluation of soft tissues, chip fractures or new bone.
Although only four standard views need be obtained during a routine
examination, dorsal 60° lateral-palmaromedial oblique and dorsal 60°
medial-palmarolateral oblique may be necessary for better visualization of
lesions on the dorsal joint margins. Superimposition of the proximal
sesamoid bones over the metacarpophalangeal joint space can be avoided
by angling the x-ray beam proximodistally at least 10° for the dorsopalmar
view, and 15° for the dorsoplantar view. The precise angle depends on both
the pastern foot axis and the position of the limb. The position of the limb
(forelimb or hind limb) markedly influences the position of the proximal
sesamoid bones relative to the third metacarpal or metatarsal bones and the
proximal phalanx for all views. Ideally the fetlock should be extended, with
the limb as far back as possible whilst weight bearing, in order to ‘lift’ the
proximal sesamoid bones.

If there is some rotation of the distal limb, it can be difficult to achieve
a true lateromedial projection. The position of the metacarpophalangeal
joint relative to the foot should be assessed. Usually aligning the x-ray beam
5° palmar to a line tangential to the bulbs of the heel (i.e. L5° Pa-MDO)
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Figure 2.56 Dorsomedial-palmarolateral oblique view of the metacarpophalangeal
joint, showing a slightly displaced articular fracture of the medial palmar process of
the proximal phalanx. There are some ill-defined opacities in the dorsal aspect of the
joint.

will result in a true lateromedial view. It may help to palpate the relative
positions of the medial and lateral epicondyles of the third metacarpal bone.
This is particularly important in hind limbs, since many horses stand with
the limb rotated toe outwards. A true lateromedial projection is required
for proper assessment of the sagittal ridge of the third metacarpal bone, but
slightly oblique views may sometimes be helpful for assessment of suspect
lesions elsewhere in the joint.

Visualization of the proximal sesamoid bones is only partially achieved
on the standard views described above. A dorsopalmar view taken at higher
kilovoltage is required to visualize the axial surface of the bones. Further
oblique views may also be required (see below).

Special oblique views

Standard D45°L-PaMO and D45°M-PalLO views highlight the lateral and
medial proximal sesamoid bones respectively, allowing assessment of their
shape, internal architecture and the apex, dorsal, palmar and distal borders.
Additional information can also be obtained from a lateral 45° proximal-
medial distal oblique view (L45°Pr-MDiO) (Figure 2.58a, page 105), to high-
light the abaxial surface of the medial proximal sesamoid bone (Figure
2.58b, page 105) and a medial 45° proximal-lateral distal oblique view
(M45°Pr-LDiO) to highlight the abaxial surface of the lateral proximal
sesamoid bone.
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Figure 2.57 Dorsal 45° medial-plantarolateral (flexed) oblique view of the foot and
pastern of a horse with acute onset, severe lameness. There is an articular fracture
(arrow) of the distal aspect of the lateral condyle of the middle phalanx. The shoe had
not been removed for clinical reasons.

Evaluation of the proximal palmar (plantar) articular margins of
the palmar (plantar) process of the proximal phalanx is sometimes best
achieved using a dorsal 30° proximal 70° lateral-palmar distal medial
oblique view (D30°Pr70°L-PaDiMO) (Figure 2.59a, page 106) or a dorsal
30° proximal 70° medial-palmar distal lateral oblique view (D30°Pr70°M-
PaDiLO). This view is particularly useful for identification of palmar
(plantar) fragments, and determining their source (see page 120). The
D30°Pr70°L-PaDiMO view projects the lateral proximal sesamoid bone
distal to the medial proximal sesamoid bone, and highlights the lateral
plantar process of the proximal phalanx (Figure 2.59b, page 107).

Assessment of the lateral and medial palmar (plantar) condyles of the
third metacarpal (metatarsal) bone may be facilitated by using a dorsal
45° proximal 45° lateral-palmar distal medial oblique view (D45°Pr45°L-
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PaDiMO), to project the lateral condyle distal to the medial condyle (Figure
2.60, page 108). This view is particularly useful for identification of stress I
reactions (radiolucency or sclerosis) in the lateral condyle of the third
metatarsal bone (see page 120).

Tangential dorsopalmar views

The articular surface of the distal metacarpus curves through 180°. On dor-
sopalmar views, only a limited part of the bone and joint tangential to the
beam is clearly visualized. This means that when third metacarpal condylar

Figure 2.58(a) Technique to obtain lateral 45° proximal-medial distal oblique views to
skyline the abaxial surface of the medial proximal sesamoid bone.

Figure 2.58(b) Lateral 45° proximal-medial distal oblique radiographic view and
diagram of the metacarpophalangeal joint of a normal adult horse. A = third
metacarpal bone, B = proximal phalanx, C = medial proximal sesamoid bone, D =
lateral proximal sesamoid bone.
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Figure 2.59(a) Positioning to obtain a dorsal 30° proximal 70° lateral-palmarodistal
medial oblique view of the metacarpophalangeal joint, to highlight the lateral palmar
process of the proximal phalanx.

fractures or osteochondral lesions are suspected, several dorsoproximal-
palmarodistal or dorsodistal-palmaroproximal tangential views can be
useful for determining the extent of such fractures and confirming possible
comminution (Figure 2.61, page 108). Improved visualization may be
achieved by flexing the metacarpophalangeal joint. The toe of the foot is
placed in the standard navicular block (see page 66), with the dorsal hoof
wall vertical. A horizontal x-ray beam is centred on the joint. The cassette
is positioned as closely perpendicular to the x-ray beam as possible. This
view moves the proximal sesamoid bones further proximally (Figure 3.1c,
page 133), and is particularly useful when evaluating their axial margins.

The palmar articular surface may be assessed better with the limb
partially extended, with the foot on a flat block (Figure 3.2, page 134). This
technique has the disadvantage of resulting in magnification and geo-
metric distortion. The cassette is positioned approximately vertically. The
x-ray beam is directed distoproximally, in the plane of rotation of the
metacarpophalangeal joint, at approximately 125° to the metacarpus. If
the limb and x-ray beam are correctly aligned, between one-fourth and
one-third of the proximal sesamoid bones are projected below the joint
space (Figure 3.1d, page 133). This view is particularly important when eval-
uating a vertical condylar fracture; comminution of the palmar articular
surface of the third metacarpal bone is usually only identifiable in this pro-
jection. It is also useful for detecting lucent lesions in the palmar aspect of
the condyles of the third metacarpal bone (page 120).

[106]



Sagittal ridge
of third
metacarpal
bone

Lateral palmar
process of
proximal phalanx

Figure 2.59(b) Dorsal 30° proximal 70° lateral-palmarodistal
medial oblique radiographic view and diagram of the
metacarpophalangeal joint of a normal adult horse. A = third
metacarpal bone, B = proximal phalanx, C = medial proximal
sesamoid bone, D = lateral proximal sesamoid bone.

Dorsoproximal-dorsodistal (flexed) view

The dorsoproximal-dorsodistal view of the metacarpophalangeal joint may
be a useful view to visualize subtle lesions of the dorsal half of the distal
articular surface of the third metacarpal bone. The horse is positioned with
the metacarpophalangeal joint flexed and the metacarpus vertical. The cas-
sette is placed distal to the joint and parallel to the floor. The x-ray tube is
positioned dorsal to the limb, with the x-ray beam centred on the metacar-
pophalangeal joint, angled dorsal 45°—70° proximal-dorsodistal. A series of
radiographs may be obtained at slightly different angles to visualize differ-
ent areas of the joint (Figure 2.62, page 109).

Flexed lateromedial view

The flexed lateromedial view of the metacarpophalangeal joint will give
better visualization of the articular surfaces of the proximal sesamoid bones
and of the sagittal ridge of the third metacarpal bone. If slightly oblique, this
view may aid in determining the extent of chip fractures of the sesamoids.
These radiographs may be enhanced by reducing the mA s slightly from that
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Figure 2.60 Dorsal 45° proximal 45° lateral-palmarodistal medial oblique radiographic
view and diagram of the metacarpophalangeal joint of a normal adult horse. A = third
metacarpal bone, B = proximal sesamoid bone, C = medial proximal sesamoid bone, D
= lateral proximal sesamoid bone.

Aot

Figure 2.61 Technique to obtain flexed dorsoproximal-palmarodistal oblique and
dorsodistal-palmaroproximal oblique views of the metacarpophalangeal joint. Note
the different angles made by the x-ray beam to the long axis of the third metacarpal
bone, in order to skyline different areas of the third metacarpal bone.
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(a)

Figure 2.62(a) Positioning to obtain a dorsoproximal-dorsodistal (flexed) oblique view
of the metacarpophalangeal joint, to highlight the dorsal aspect of the sagittal ridge of
the third metacarpal bone.

Figure 2.62(b) Dorsoproximal-dorsodistal (flexed) oblique view of the
metacarpophalangeal joint, to highlight the sagittal ridge and condyles of the third
metacarpal bone.

normally required for the third metacarpus. The flexed lateromedial view is
obtained by resting the horse’s toe on a block, preferably 20-25cm high,
with the metacarpophalangeal joint flexed (or positioning the joint similarly,
holding the limb at the toe). The x-ray beam is centred on the centre of the
radius of curvature of the distal articular surface of the third metacarpal
bone. The alignment of the beam may be difficult, as slight abnormalities in
conformation will result in oblique views. It is most practical to take one
view and realign the beam if necessary.

NORMAL ANATOMY

Immature horse

Prior to fusion of the distal physis of the third metacarpal/metatarsal bone
at about 6-8 months of age, the distal metaphysis usually appears irregular
(Figures 2.63a and 2.63b). The proximal physis of the proximal phalanx fuses
at about 12 months of age.

Each proximal sesamoid bone usually ossifies from a single centre, which
in the very young animal may have a slightly irregular margin. In a small
percentage of foals there are two ossification centres, one for the proximal
one-third and one for the distal two-thirds of the bone. This may occur in
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Figure 2.63(a) Dorsopalmar view of the metacarpophalangeal Figure 2.63(b) Lateromedial view of the metacarpophalangeal

joint of a normal foal 6 weeks of age.

joint of a normal foal 8 weeks of age. Note also the separate
centre of ossification of the distal aspect of the fourth
metacarpal bone.

one or several proximal sesamoid bones of the same foal. Fusion usually
occurs by approximately 60 days of age. This should not be confused with a
fracture of the sesamoid bone (see page 125). The cartilage precursor is fully
ossified by about 3—4 months, although the bones may continue to enlarge
until 18 months of age.

Skeletally mature horse

On a lateromedial view, the joint surface of the distal end of the third
metacarpus describes a smooth curve, which flattens slightly on the
palmarodistal aspect (Figure 2.63c). The third metacarpal bone articulates
with the proximal phalanx and the proximal sesamoid bones. The distal
metaphysis of the metacarpus may show some irregularity at the level of
the fused physis (physeal scar).

On dorsopalmar radiographs, the metacarpophalangeal joint is ap-
proximately symmetrical about the prominent sagittal ridge of the distal
metacarpus, although the medial condyle is slightly wider than the lateral.
The sagittal ridge articulates with a groove in the proximal phalanx. The
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Figure 2.63(c) Radiograph and diagram
Paimnar processes of . .
proximal phalanx of a lateromedial view of a normal adult
metacarpophalangeal joint. Note that
although this is a true lateromedial view
of the dorsal aspect of the joint, there is
some obliquity of the palmar aspect. A =
third metacarpal bone, B = proximal
phalanx.

joint space is approximately at right angles to the long axis of the third
metacarpal bone (Figure 2.63d). Immediately proximal to the joint, the
medial and lateral aspects of the third metacarpal bone have a smooth
depression, above which the cortex appears slightly sclerotic.

The proximal subchondral bone plate of the proximal phalanx is best
evaluated in a dorsopalmar projection. There is usually a clear demarcation
between the subchondral bone plate and the underlying cancellous bone.
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Figure 2.63(d) Radiograph and diagram
of a dorsal 10° proximal-palmarodistal
oblique view of a normal adult
metacarpophalangeal joint. A = third
metacarpal bone, B = proximal phalanx,
C = medial proximal sesamoid bone,

D = lateral proximal sesamoid bone.
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Subchandral bone plate

The subchondral bone plate is of fairly uniform thickness, sometimes slightly
thicker laterally than medially.

The proximal sesamoid bones are difficult to visualize clearly, as on
most views they are superimposed over other bones. They are most
clearly visualized on the dorsolateral-palmaromedial and dorsomedial-
palmarolateral oblique views (Figure 2.63¢). They normally have a smooth
outline, rounded over their palmar aspects. The axial and abaxial surfaces
may show some unevenness, being areas of ligament insertion, but should
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not show marked roughening. There are faint radiating lucent lines within
the bones. On flexed lateromedial views, the sesamoid bones lift away from
the articular surface of the distal end of the third metacarpal bone (Figure
2.63f).

NORMAL VARIATIONS AND INCIDENTAL FINDINGS

Slight modelling of the dorsoproximal articular margins of the proximal
phalanx is a common incidental finding in older horses and is often unas-
sociated with detectable clinical signs, although it may reflect degenerative
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Figure 2.63(e) Radiograph and diagram
of a dorsolateral-palmaromedial oblique
view of a normal adult
metacarpophalangeal joint. A = third
metacarpal bone, B = proximal phalanx,
C = medial proximal sesamoid,

D = lateral proximal sesamoid.
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Figure 2.63(f) Flexed lateromedial view of a normal adult metacarpophalangeal joint.
Note how the proximal sesamoid bones lift away from the articular surface of the
third metacarpal bone.

joint disease (see page 116). A small, smoothly rounded osseous opacity
on the midline, on the dorsoproximal aspect of the proximal phalanx
sometimes occurs in one or more fetlocks (see page 120). Small palmar or
plantar osteochondral fragments and an ununited palmar or plantar process
(see page 120) are not usually associated with clinical signs. Smoothly
rounded osseous opacities are sometimes seen distal to one or both
proximal sesamoid bones (Figure 2.64), presumably within the distal
sesamoidean ligaments. They are usually asymptomatic and their aetiology
is unknown.

An unusually long proximal sesamoid bone indicates previous fracture
of the bone in the neonatal period (see page 125).

SIGNIFICANT FINDINGS

Soft-tissue swelling

Soft-tissue swelling in the fetlock region can be due to many causes and
may be detected radiographically, either alone or with other radiographic
abnormalities. The cause of swelling cannot usually be determined radio-
graphically. The metacarpophalangeal joint is prone to soft-tissue injury,
and although initial radiographs may show only soft-tissue swelling, radio-
graphs obtained 3-6 weeks later may demonstrate new bone at the articu-
lar margins, at the points of attachment of the joint capsule and/or
collateral ligaments. Entheseophytes and periarticular osteophytes may also
develop on the proximal sesamoid bones. Accurate knowledge of the
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Figure 2.64 Lateromedial view of a metacarpophalangeal joint of an adult horse.
There are several small, smoothly rounded mineralized opacities distal to the proximal
sesamoid bones, which are unlikely to be of clinical significance. Note that this is not a
true lateromedial projection. The condyles of the third metacarpal bone are not
superimposed, because the horse was not standing squarely on the limb.

anatomy of soft tissue attachments is essential for determination of the
likely cause of entheseophyte formation (Figures 2.47 and 2.48, pages 92—7).

Synovitis is a common problem, visualized radiographically as a disten-
sion of the metacarpophalangeal joint capsule. This is most easily seen on
the dorsal aspect of the joint on a lateromedial view. Chronic proliferative
synovitis (villonodular hypertrophic synovitis) may be suspected if on lat-
eromedial radiographs there is modelling of the dorsal distal aspect of the
third metacarpal bone, associated with soft-tissue swelling. In the early
stages a depression may be noted just proximal to the sagittal ridge. There
may be new bone just proximal to the depression, as entheseophytes form
at the capsular attachment (Figure 2.65a). In advanced cases an increased
opacity may be evident dorsal to the depression, due to dystrophic miner-
alization or osseous metaplasia. These changes are most easily identified on
a flexed lateromedial view. In most cases it is necessary to introduce posi-
tive contrast agent into the joint to outline the soft-tissue mass (Figure 2.65b,
page 117). The lesion may also be confirmed ultrasonographically. Clinically
there is enlargement of the dorsal pouch of the metacarpophalangeal joint.
Treatment is by surgical removal of the mass, and adequate rest to allow the
joint inflammation to resolve.

Soft-tissue swelling on the palmar proximal aspect of the metacar-
pophalangeal joint may be due to distension of the digital flexor tendon
sheath. On lateromedial views a depression in the palmar contour of this
swelling may indicate functional constriction by the palmar annular liga-
ment (Figure 2.66, page 118). Occasionally mineralization in the sheath or
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Figure 2.65(a) Chronic proliferative
synovitis. Lateromedial view of the
metacarpophalangeal joint, showing
radiographic changes associated with
chronic proliferative synovitis. There is a
depression proximal to the sagittal ridge
of the third metacarpal bone (large
arrow). Proximal to this is periosteal
new bone at the site of the capsular
attachment (small arrow). This
modelling of the dorsal distal aspect of
the third metacarpal bone usually relates
to chronic proliferative synovitis.

the digital flexor tendon is seen, or abnormalities of the proximal sesamoid
bones. Distension of the digital flexor tendon sheath and the metacar-
pophalangeal joint capsule may be seen in association with infectious
osteitis of a proximal sesamoid bone (see page 123). Swelling may arise after
trauma to the region, and results in lameness, which may resolve with pro-
longed rest, or may require surgical treatment. The prognosis depends on
the underlying pathology. Ultrasonographic examination may give addi-
tional information about the associated soft-tissue structures.

Degenerative joint disease

On lateromedial and/or oblique views, modelling of the proximodorsal
aspect of the proximal phalanx may involve the articular margins, and may
indicate early degenerative joint disease (Figure 2.67a, page 119). The pro-
ximal dorsal attachments of the joint capsule are close to the proximal end
of the sagittal ridge, and entheseophyte formation at this point may result
from joint trauma or chronic joint capsule distension. This is not synony-
mous with degenerative joint disease, but may be seen in association with
it.

On dorsopalmar views, osteophytes may be seen at the articular margins
on the medial or lateral aspects of the proximal phalanx, and indicate
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degenerative joint disease. Entheseophytes at the insertion of the joint
capsule develop slightly distal to a periarticular osteophyte, and indicate
strain or tension of the capsular attachment. It is often difficult to differen-
tiate these two types of osteophytes at this location, and careful clinical
assessment of their significance is required.

In advanced degenerative joint disease, periarticular osteophytes on
the proximal and distal margins of the proximal sesamoid bones may be
seen. Associated with this, there may be a depression in the distal palmar
aspect of the third metacarpal bone, proximal to the condyles. This so-called
‘supracondylar lysis’ is associated with fibrous proliferation of the synovial
membrane in this region (Figure 2.67b, page 119). Positive contrast studies
may demonstrate a filling defect in this area.

The joint space is best assessed on a dorsopalmar view. Narrowing of the
joint space, particularly unilateral narrowing (usually of the medial side),
may be significant. It is important, however, that this is assessed on weight-
bearing views, with the horse standing evenly on all four feet, since the joint
can open on either side if unevenly loaded. The relatively opaque sub-
chondral bone should be of even thickness. Change in thickness or opacity
of this bone has been associated with degenerative joint disease.

There may be thickening of the subchondral bone plate of the proximal
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Figure 2.65(b) Chronic proliferative
synovitis. Lateromedial view of the
metacarpophalangeal joint, with contrast
medium in the joint (slightly oblique
view). Note the filling defect (arrows) in
the dorsal pouch of the joint.
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Figure 2.66 Palmar annular ligament
constriction. Lateromedial view of the
metacarpophalangeal joint. There is a
depression in the outline of the palmar
soft tissues (arrow) at the site of the
constriction.

phalanx, medially and/or laterally, with decreased demarcation between it
and the underlying cancellous bone.

Osteochondrosis, osteochondral fragments and stress reactions

The aetiology of some changes in the metacarpophalangeal and meta-
tarsophalangeal joints still remains open to debate, although recent
publications are helping to clarify the findings. Some abnormalities formerly
thought to be due to osteochondrosis may be traumatic in origin. There
appear to be breed differences in the incidence of these abnormalities, and
their clinical significance is not always easy to determine. Included in this
group are fragments arising from the dorsal sagittal ridge of the third
metacarpal (metatarsal) bone, fragments on the dorsoproximal aspect of the
proximal phalanx, palmar or plantar osteochondral fragments, an ununited
palmar or plantar eminence of the proximal phalanx and flattening of the
palmar or plantar condyle of the third metacarpal or metatarsal bone.

Osteochondrosis of the sagittal ridge may be seen anywhere on the
ridge, but is most often seen dorsally on the proximal third. This lesion is
seen early as flattening of the ridge. Later it may appear as an osteochon-
dral fracture. This is best seen on a flexed lateromedial view, and may involve
all four fetlocks. Prognosis is favourable with surgical management.
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Figure 2.67(a) Degenerative joint
disease. Dorsolateral-palmaromedial
oblique view of the
metacarpophalangeal joint, showing
early changes associated with
degenerative joint disease. There is
modelling of the dorsomedial aspect of
the proximal phalanx (arrow).

Figure 2.67(b) Degenerative joint
disease. Flexed lateromedial view of the
metacarpophalangeal joint, showing
advanced changes associated with
degenerative joint disease. There is
modelling of the articular margins of the
proximal sesamoid bones (white arrow),
the dorsal aspect of the proximal
phalanx (open white arrow), and the
dorsal and palmar distal aspects of

the third metacarpal bone proximal to
the sagittal ridge (black arrows).
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Small, well rounded fragments on the midline on the dorsoproximal
aspect of the proximal phalanx (Figure 2.72, page 125), readily identifiable
on a lateromedial projection, are a common radiographic finding, frequently
not associated with clinical signs. They may be present in one or several fet-
locks. Their aetiology is unknown but they may result from separate centres
of ossification or possibly be a manifestation of osteochondrosis. Occasion-
ally they are associated with synovial effusion and lameness, in which case
surgical removal is indicated. A good prognosis is usually warranted.

Osteochondrosis involving the palmar (plantar) aspect of the condyles
of the third metacarpal (metatarsal) bones usually occurs slightly palmar
(plantar) to the transverse ridge. Initially the radiographic changes are
flattening and sclerosis of the subchondral bone in the affected area. This
may be followed by resorptive changes, resulting in focal radiolucent areas
of variable shape. Although this lesion has formerly been classified as osteo-
chondrosis, it now seems probable that it is a traumatic lesion, only seen in
athletic horses. Care must be taken with interpretation, as the subchondral
bone in this area is normally slightly flatter than the remainder of the
condyle. Flattening of the condyle, or a triangular shaped sclerotic area in
the subchondral bone, is best visualized on a lateromedial or flexed lat-
eromedial view, or the dorsal 45° proximal 45° lateral-palmar distal medial
oblique view. Nuclear scintigraphy is more sensitive for detection of early
and less severe reactions. These lesions may occur bilaterally, especially in
the hind limbs of Thoroughbreds and Standardbreds, causing a variable
degree of lameness or loss of performance.

Palmar or plantar osteochondral fragments (Figure 2.68a) are usually
seen medially or laterally (or biaxially) at the site of attachment of the short
distal sesamoidean ligaments, and occur most commonly in hind limbs. They
have also been referred to as Birkeland fractures. They are best identified
in D30°Pr70°L-PaDiMO or D30°Pr70°M-PaDiLO views. Medial fragments
are most common. These are believed to represent avulsion fractures,
sustained as a foal, and are frequently asymptomatic, although they may
compromise performance at high speed.

An ununited palmar or plantar process of the proximal phalanx (Figure
2.68b) usually occurs laterally, either alone, or in association with a palmar
or plantar osteochondral fragment. It occurs most commonly in hind limbs,
and may be articular or non-articular. It probably represents an avulsion
fracture of the cruciate distal sesamoidean ligament, sustained as a foal.
They are frequently asymptomatic.

Physitis

Physitis (epiphysitis) of the distal physis of the metacarpal bone occurs pre-
dominantly in rapidly growing foals. Radiographically the physis is widened
and irregular in thickness, frequently with new bone (lipping) at its margins.
On dorsopalmar views an angular limb deformity may be evident. The usual
clinical history is of a limb deviation developing distal to the meta-
carpophalangeal joint. Treatment of this condition must be radical and
rapid, because of the early closure of the distal physis. Usually restriction of
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Figure 2.68(a) Dorsal 30° proximal 70° medial-plantarodistal Figure 2.68(b) Dorsolateral-plantaromedial oblique view of a

oblique view of a metatarsophalangeal joint of an eight year metatarsophalangeal joint of a 7 year old Thoroughbred. There
old Danish Warmblood. There is a non-articular osteochondral are two smoothly rounded osseous opacities in close apposition
fragment from the proximoplantar aspect of the medial plantar to the plantar aspect of the lateral plantar process of the
process of the proximal phalanx. proximal phalanx. Each has a trabecular pattern. This is an

ununited lateral plantar process of the proximal phalanx.

diet and exercise, coupled with corrective trimming of the foot, will be
sufficient. In some cases, periosteal elevation or transphyseal bridging will
be needed.

Osseous cyst-like lesions

Osseous cyst-like lesions occur near the metacarpophalangeal joint, most
commonly in the third metacarpal bone. Visualization of these may require
a dorsoproximal-palmarodistal angulation of the x-ray beam. Lesions often
start as focal flattening of the subchondral bone, and develop through an
elliptical lucent area, to an oval shaped lucency, with progressive develop-
ment of surrounding sclerosis. Conservative and surgical treatments warrant
a guarded prognosis.

Sesamoiditis

Sesamoiditis is a widely used term which encompasses lucent areas within
the bones and new bone production. Radiographic abnormalities are best
assessed in D45°M-PalLO and D45°L-PaMO views. The radiographic
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Figure 2.69 Sesamoiditis. Dorsolateral-
palmaromedial oblique view of the
metacarpophalangeal joint, showing the
lateral proximal sesamoid bone. There
are large radiating lucent zones and a
slightly irregular outline of the palmar
margin of the bone.

appearance is variable, ranging from a number of radiolucent areas along
the palmar aspect of the bones, with minimal new bone formation, to exten-
sive new bone on the axial and abaxial surfaces, with an apparently normal
internal structure to the bone. There is often poor correlation between
radiological abnormalities and clinical signs.

The lucent areas are sometimes referred to as vascular channels (Figure
2.69), although the pathology is open to dispute. The number of sharply
demarcated vascular channels in a normal horse may vary according to
breed and work history. Wide or abnormally shaped lucent areas are likely
to be associated with lameness. The greater the number of vascular chan-
nels, the more likely there is to be associated lameness. The new bone on
the abaxial and distal surfaces of the bone is often associated with strain of
the suspensory ligament, and distal sesamoidean ligaments. The lucent zones
adjacent to the vascular channels, but outside the normal bone, are areas of
fibrous tissue around nutrient vessels. The fibrous tissue resists encroach-
ment of entheseophytes and gives a radiographic appearance of enlarged
vascular channels.

In a young horse (less than 3 years) where lucent lesions are the pre-
dominant radiographic abnormality, a fair prognosis can be given if the
horse receives adequate rest (although the radiographic lesions will persist).
The prognosis may be more guarded when these lesions develop in older
horses. Radiating lucent zones may also be seen in association with
desmitis of a suspensory ligament branch.

In horses where new bone formation is the predominant radiological
finding, there has probably been an associated soft-tissue injury. Ultra-
sonographic examination of the suspensory apparatus and palmar (plantar)
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annular ligament in these cases may be useful. The prognosis depends on
the amount of new bone formed and the extent of the accompanying soft-
tissue injuries.

Periarticular osteophytes seen on the articular margins of the sesamoid
bones are an indication of degenerative joint disease. This may be better
visualized on a flexed lateromedial view (see ‘Degenerative joint disease’,
page 1160).

Lucent zones restricted to the axial aspect of the proximal sesamoid
bones are easily overlooked, unless a dorsopalmar radiographic view is
overexposed. For accurate evaluation of the axial margins of the proximal
sesamoid bones a flexed dorsopalmar view is extremely useful. Lucent
lesions on the axial aspect of the proximal sesamoid bones (Figure 2.70)
have been associated with infectious osteitis in horses which have presented
with severe lameness, often with distension of the digital flexor tendon
sheath. The prognosis is guarded. An irregular axial margin of the proximal
sesamoid bones has also been seen in association with desmitis of the inter-
sesamoidean ligament. Ultrasonographic examination is indicated. The
prognosis is guarded.

Luxation

Luxation of the metacarpophalangeal joint can occur in lateromedial or dor-
sopalmar directions. The injury may be obvious radiographically, but it may
be necessary to obtain radiographs with the distal limb under stress (see
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Figure 2.70 Dorsoplantar (flexed) view
of a metatarsophalangeal joint of a 3
year old Thoroughbred with sudden
onset of severe lameness 6 weeks
previously, associated with diffuse
swelling on the plantar aspects of the
fetlock and pastern. There is an
indistinct axial margin with underlying
ill-defined lucent zones, involving the
proximal half of the medial and lateral
proximal sesamoid bones (arrows). This
is the result of infection.
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is very grave, but a hopeful prognosis may be given for breeding after casting
the limb.

Fractures

The common fracture sites of the phalanges and metacarpophalangeal joint
are shown in Figure 2.71. Small radiopaque bodies at the joint margins may
be an incidental finding (Figure 2.72 and page 114).

McClure et al. (1998)
Spurlock and Gabel (1983)

Henninger et al. (1991)
Ellis (1979) ;

Barclay et al. (1985)

Martin (1991)

Sandgren (1993)
Whitton and Kannegeiter (1994)
Fortier et al. (1995)

Yovich and Mcllwraith (1986)

Markel et al. (1985a)

Ellis et al. (1987)

Bukowiecki et al. (1986) 1 Markel and Richardson (1985)

Gregndahl (1992)

Markel et al. (1985b)

[ Holcombe et al. (1995)
| Blis et . (1987)

Doran et al. (1987)

Figure 2.71 The common fracture sites for the phalanges and metacarpophalangeal
joint.
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Figure 2.72 Lateromedial view of the
metacarpophalangeal joint, showing a
discrete radiopaque body on the
dorsoproximal aspect of the proximal
phalanx.

Chip fractures of the proximodorsal and proximopalmar aspects of the
proximal phalanx, involving the joint surface, are relatively common and,
if only 2-3mm in diameter, lameness will frequently resolve with rest,
although it may be recurrent. Larger chips, chips associated with recurrent
lameness, or fragments of bone with a roughened appearance or irregular
and lucent base, usually need surgical removal. Other fractures of the prox-
imal phalanx are referred to under ‘Proximal phalanx’ on pages 9g6—100. See
also ‘Osteochondral fragments’, page 120.

Fractures of the proximal sesamoid bones occur frequently, and their
significance depends on their position and the degree of associated soft-
tissue injury. They may occur in association with fractures of the metacar-
pus and phalanges, and should not be overlooked.

Fractures of the abaxial surface of the bone are best seen on oblique
tangential views (see Figure 2.58a, page 105). They carry a guarded
prognosis.

Fractures of the apical region involving less than one-third of the bone
generally respond well to surgical removal of the fragment. Larger frag-
ments should normally be treated by internal fixation or bone grafting,
preferably within 10 days of fracture. Even with prompt treatment the prog-
nosis is poor. Basilar fragments of bone may be removed surgically, but even
with improved arthroscopic technique, some disruption of the distal
sesamoidean ligaments is inevitable, resulting in a guarded prognosis.

Sagittal fractures of the sesamoids also occur, usually concurrent with
other fractures. They warrant a guarded prognosis.

Care should be taken when interpreting radiographs of foals. The
sesamoid bones are not fully mineralized until 3 months of age, and the car-
tilage precursors may tear. This may not be seen radiographically until the
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Figure 2.73 Lateromedial view of a metacarpophalangeal joint of a foal 5 weeks of
age. There is a non-displaced apical fracture of the lateral proximal sesamoid bone.

sesamoid bones are more completely ossified, when the bones may appear
elongated, or be visualized as two separated fragments (Figure 2.73). This
is a common injury in foals under 1 month of age and may involve all four
limbs. It is generally seen in foals that have exercised excessively and is asso-
ciated with mild, transient lameness. With confinement to stall rest, bony
union usually develops. The resulting sesamoid bone is usually larger than
normal but the prognosis is good if treated promptly.

Fractures of the distal metacarpus are described in Chapter 3, page 157.
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Chapter 3
The Metacarpus and Metatarsus

Throughout this chapter, although reference is made to the metacarpus it
also applies to the metatarsus. Significant differences of the metatarsus are
highlighted.

A standard radiographic examination of the metacarpus comprises
lateromedial, dorsopalmar, dorsolateral-palmaromedial oblique, and
dorsomedial-palmarolateral oblique views. In selected cases dorsoproximal-
palmarodistal oblique views may yield valuable additional informa-
tion about the distal end of the third metacarpus (see Chapter 2, page 105).
Occasionally a flexed lateromedial view is helpful for identifying avulsion
fractures at the origin of the suspensory ligament. Special projections
for evaluating the proximal sesamoid bones are discussed in Chapter 2
(page 103).

In many instances the clinical examination will suggest which views are
necessary and at which level the x-ray beam should be centred. In some
cases a complete examination is not required, although many views
with only slight differences in angle of projection may be needed (e.g. for
evaluation of a dorsal cortical fatigue fracture of the third metacarpal bone).
It is difficult to evaluate properly the entire length of the metacarpus using
small (3ocm) cassettes.

RADIOGRAPHIC TECHNIQUE

Lateromedial, dorsopalmar and oblique views

The metacarpus may be radiographed using a portable x-ray machine and
either high-definition or rare earth screens and compatible film. A grid is
unnecessary. All the standard projections are ideally obtained with the horse
bearing full weight on the limb, with the metacarpus vertical. The second
and fourth metacarpal bones are best evaluated using dorsomedial-
palmarolateral oblique and dorsolateral-palmaromedial oblique views,
respectively. The x-ray beam is centred on the area of principal interest. In
some cases it may be helpful to use a long (43 cm) cassette so that the entire
length of the metacarpus can be seen on a single radiograph, but in an adult
horse some obliquity of projection at the extremities of the bones is
inevitable (see Figure 3.3, pages 136, 137 and 138). Therefore it is usually
preferable to use more than one projection and create a ‘jigsaw’ of the
length of the bone.

Many of the radiographic abnormalities in this region are subtle and are
only visible with correct angulation of the x-ray beam and appropriate ex-
posure factors. Fatigue fractures of the dorsal cortex of the third metacarpal
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Figure 3.1(a) Dorsopalmar view of the distal metacarpus of a Figure 3.1(b) Dorsal 10° proximal-palmarodistal oblique view

normal adult horse. The proximal sesamoid bones are of the distal metacarpus of a normal adult horse. The proximal
superimposed over the condyles of the third metacarpal bone. sesamoid bones are projected proximally giving excellent
Note the curved outline of the medial and lateral aspects of the visualization of the metacarpal condyles.

distal end of the third metacarpal bone (arrows) and the
variable opacity in these areas. This may be exaggerated in a

slightly oblique projection.

bone are readily missed unless multiple oblique views are obtained. Early
periosteal proliferative reactions, less opaque than the parent bone (e.g. a
‘splint’) are easily overexposed. Thus reduced exposure factors should be
used. The timing of the radiographic examination is also critical, since many
radiographic abnormalities will not be present until at least 7—21 days
after the onset of clinical signs. Sequential radiographic examinations may
therefore be helpful.

Dorsoproximal-palmarodistal oblique views

In a dorsopalmar view of the distal metacarpus, the proximal sesamoid
bones are projected over the distal aspect of the third metacarpal bone
(Figure 3.1a) and lesions involving the condyles may easily be missed (e.g.
an incomplete vertical condylar fracture). The sesamoid bones are
projected further proximally if the x-ray beam is angled proximodistally at
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Figure 3.1(¢) Dorsopalmar (flexed) view of the distal Figure 3.1(d) Dorsodistal-palmaroproximal oblique view of the

metacarpal region of a normal adult horse. The proximal distal metacarpus of a normal adult horse. The proximal
sesamoid bones are projected more proximally than in Figure sesamoid bones are superimposed over the

3.1(b). This view highlights a more distal articular margin of metacarpophalangeal joint, but this view gives visualization of
the condyles of the third metacarpal bone. the palmar aspect of the metacarpal condyles.

least 10°, i.e. a dorsal 10° proximal-palmarodistal oblique (D10°Pr-PaDiO)
view (Figure 3.1b). This view is particularly important for the identification
of incomplete, vertical articular condylar fractures, although these lesions
may still be difficult to detect. Improved visualization may be achieved by
flexing the metacarpophalangeal joint. The toe of the foot is placed in the
standard navicular block (see page 60), with the dorsal wall vertical. A
horizontal x-ray beam is centred on the joint. The cassette is positioned
as closely perpendicular to the x-ray beam as possible. This view moves the
sesamoid bones further proximally (Figure 3.1c).

The palmar articular surface may be assessed better with the limb
partially extended with the foot on a flat block (Figure 3.2). The cassette is
held approximately parallel with the metacarpus. The x-ray beam is directed
distoproximally in the plane of rotation of the metacarpophalangeal joint,
at approximately 125° to the metacarpus. If the limb and the x-ray beam
are correctly aligned, between one-fourth and one-third of the proximal
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Figure 3.2 Position of the limb, x-ray machine and cassette to obtain a dorsodistal-
palmaroproximal oblique view of the distal metacarpus (see Figure 3.1d).

sesamoid bones are projected below the joint space (Figure 3.1d). This
view is especially important when evaluating a vertical condylar fracture;
comminution of the palmar articular surface of the third metacarpal
bone is usually only identifiable in this projection. It is also useful for de-
tecting lucent lesions in the palmar aspect of the metacarpal condyles
(see Chapter 2, page 120). Other oblique views of the metacarpal condyles
and the proximal sesamoid bones are described in detail on pages 103—5
and 107.

Other imaging techniques

Nuclear scintigraphy offers a more sensitive method for detection of acute
fatigue fractures. Ultrasonography provides a means of evaluating the
metacarpal soft-tissue structures. It must be remembered that bony and
soft-tissue lesions may occur concurrently and this may have an important
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bearing on the prognosis (e.g. fractures of the distal one-third of the CHAPTER 3
second or fourth metacarpal bones often occur together with suspensory The Metacarpus and Metatarsus
desmitis).

NORMAL RADIOGRAPHIC ANATOMY: ITS
VARIATIONS AND INCIDENTAL FINDINGS

Lateromedial view

The dorsal cortical contour of the third metacarpal bone is usually straight,
but that of the third metatarsal bone is relatively convex (Figures 3.3a and
3.3b). The dorsal cortex is thicker than the palmar (plantar) cortex espe-
cially on the dorsomedial aspect of the forelimb. The smoothness of the
dorsal cortex should always be evaluated carefully under high intensity illu-
mination. The dorsal cortices of the third metacarpal or metatarsal bones
may be unusually convex and thicker than normal as a result of previous
trauma. Small, uniformly opaque, clinically silent osteophytes or entheseo-
phytes are sometimes seen on the dorsoproximal aspect of the third
metatarsal bone (see Chapter 6, page 252). The principal nutrient canal
is sometimes seen palmarodistally, coursing horizontally or obliquely
proximally.

Dorsopalmar view

The proximal articular surface of the third metacarpal bone is concave;
therefore part of the carpometacarpal joint is superimposed over the third
carpal bone (Figures 3.4a, page 138 and 3.4b, page 139). The subchondral
bone plate is a relatively opaque band of uniform thickness. A series of small,
circular lucent zones, nutrient foramina, may be seen in the subchondral
bone of the proximal third metacarpus depending on the angle of projection
(Figure 3.4b). The proximal and distal quarters of the third metacarpal bone
have a relatively coarse, but uniformly opaque trabecular pattern (see
Figures 3.1a, page 132;3.1b, page 132;3.1c, page 133;3.4b, page 139 and 3.16c¢,
page 155). The trabeculae are orientated approximately parallel to the long
axis of the bone. In some horses there is a narrow, vertical, more opaque line
in the middle of the proximal one-quarter of the third metacarpal bone,
representing a ridge between the heads of the suspensory ligament. The
principal nutrient foramen is usually seen as an oval-shaped lucent area
superimposed on the medullary cavity, at the junction between the proximal
and middle one-thirds of the bone (Figure 3.4a, page 138). Occasionally it
may be linear in appearance or there is more than one nutrient foramen.

In this view and some oblique projections the second and fourth
metacarpal bones are partially superimposed over the third metacarpus, and
this may result in some confusing lucent lines. These lucent lines (Mach lines
or bands) are due to edge enhancement, the effect of one bone edge cross-
ing another (Figure 3.5, page 140), and should not be confused with frac-
tures. The second and fourth metacarpal bones are most readily evaluated
in the oblique views.
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Figure 3.3(a) Lateromedial view of a
normal adult metacarpus. Note the
obliquity of projection at the distal end
of the bone. To evaluate this area better,
a view centred on this region is required.
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Figure 3.3(b) Lateromedial view of a
normal adult metatarsus. Due to the
increased length of the bone relative to
the metacarpus there is greater obliquity
at the proximal and distal extremities of
the bone. Note the slightly convex
contour of the dorsal cortex of the third
metatarsal bone.
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Figure 3.4(a) Dorsopalmar projection of
the metacarpus of a normal adult horse.
Note the vertical lucent line on the axial
aspect of the fourth metacarpal bone
(arrowheads) created by an edge effect.
The lucent zone in the middle of the
third metacarpal bone (arrow)
represents the principal nutrient
foramen.




Figure 3.4(b) Dorsopalmar view of the proximal metacarpus of a normal adult horse.
Note the uniform trabecular pattern and the small lucent zones in the most proximal
aspect of the bone (arrows), representing nutrient foramina.

The proximal metacarpal physis is closed at birth. The distal metacarpal
physis closes radiographically at approximately 3—6 months of age (Figure
3.0).

The proximal sesamoid bones are superimposed over the distal end of
the third metacarpal bone. Their position depends on the angle of projec-
tion (see Figures 3.1a—3.1d, pages 132 and 133). Radiographic features of
these bones are discussed in Chapter 2 (page 112).

Dorsolateral-palmaromedial oblique and dorsomedial-palmarolateral
oblique views

The dorsolateral-palmaromedial oblique view (Figure 3.7a, page 142) high-
lights the dorsomedial cortex of the third metacarpal bone and the fourth
metacarpal bone. The second metacarpal bone is superimposed over the
third. The proximal end or base of the fourth metacarpal bone articulates
with the fourth carpal bone. The base of the fourth metatarsal bone articu-
lates with the fourth tarsal bone (Figure 3.7b, page 142). It may have a
prominent plantar protuberance. Occasionally this protuberance has a small
bony spur on its plantar aspect (Figure 3.8, page 143) which in the authors’
experience is usually of no significance, although it may reflect previous
injury.

The dorsomedial-palmarolateral oblique view (Figure 3.9, page 144)

[139]

CHAPTER 3
The Metacarpus and Metatarsus



CHAPTER 3
The Metacarpus and Metatarsus

Figure 3.5 Palmarolateral-dorsomedial oblique view of a normal adult metacarpus.
Note the vertical lucent lines on the palmar aspect of the third metacarpal bone which
are the result of edge enhancement (Mach lines).

highlights the dorsolateral cortex of the third metacarpal bone and the
second metacarpal bone. The second metacarpal bone articulates with the
second and third carpal bones. The second metatarsal bone articulates with
the first and second tarsal bones (these are usually fused).

The principal nutrient foramen of the third metacarpal bone may be
projected as a lucent line across the second or fourth metacarpal bones and
should not be confused with a fracture (Figure 3.10, page 144). The second
and fourth metacarpal bones are relatively straight, but may curve away
from the third metacarpal bone distally. There is considerable variation in
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Figure 3.6 Lateromedial view of the
metacarpus of a normal foal of 8 weeks
of age.
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Figure 3.7(a) Dorsolateral-palmaromedial oblique view of a normal adult metacarpus.
The fourth metacarpal bone is highlighted.

Figure 3.7(b) Dorsolateral-plantaromedial oblique view of a normal adult metatarsus.
The fourth metatarsal bone is highlighted.
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Figure 3.8 Dorsolateral-plantaromedial oblique view of the proximal metatarsal
region of a clinically normal adult horse. There is a smoothly outlined bony spur
(arrow) on the proximal plantar aspect of the fourth metatarsal bone, of no clinical
significance.

their length and shape. There is a variably sized and shaped enlargement on
the distal ends of the second and fourth metacarpal bones; the distal epi-
physes are cartilaginous at birth and gradually ossify (Figure 3.6, page 141),
but are separate from the body of the bone until approximately 1-9 months
of age.

The contour of the second and fourth metacarpal bones is clearly
defined, but many horses have smoothly outlined exostoses reflecting
previous trauma to the bone (Figure 3.11a, page 145). Sometimes there
is irregular periosteal new bone with distinct margins; this must not be
misinterpreted as an active periosteal reaction (compare Figures 3.11b,
page 145 and 3.14, page 148).

With the correct obliquity of the x-ray beam, and provided that there is
no mineralization or ossification of the interosseous ligaments, a lucent
space may be seen between the second and third, and fourth and third
metacarpal bones. In some horses it may be necessary to obtain several
views at slightly different angles in order to evaluate the entire interosseous
space. Many horses have some mineralization or ossification of the
interosseous ligaments (Figure 3.12, page 146). Occasionally ossification is
complete. There may be an ill-defined lucent zone in the base (head) of the
second metacarpal bone. This is usually seen in association with the pres-
ence of a first carpal bone (Figure 4.12b, page 188).

In some horses there is a lucent line in the proximal one-third of either
or both of the second and fourth metacarpal bones. This extends distally
from the medullary cavity and ends on the dorsal aspect of the bone (Figure
3.13, page 140); it represents a nutrient foramen and should not be mis-
interpreted as a fracture.
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Figure 3.9 Dorsomedial-palmarolateral oblique view of a
normal adult metacarpus. Note the oblique lucent line in the
middle of the metacarpus (arrow): this represents the nutrient
foramen.
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Figure 3.10 Dorsolateral-plantaromedial oblique view of a
normal adult metatarsus. Note the oblique lucent line crossing
the second metatarsal bone (arrow). This is the nutrient
foramen and should not be confused with a fracture.



(a) (b)

Figure 3.11(a) Dorsomedial-palmarolateral oblique view of an adult metacarpus.
There is a smoothly outlined exostosis on the second metacarpal bone and some
mineralization in the interosseous space, of no clinical significance.

Figure 3.11(b) Dorsomedial-palmarolateral oblique view of an adult metacarpus.
There is irregular periosteal new bone with distinct margins on the proximal aspect of
the second metacarpal bone (compare with Figures 3.14a and 3.14b, pages 148 and
149). Despite the irregularity the margin is distinct, which makes it likely that this
change is inactive. There is also smoothly outlined new bone involving the diaphysis
and mineralization in the interosseous space. This is inactive and not of current clinical
significance.
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Figure 3.13 Dorsolateral-palmaromedial oblique view of a
normal adult metacarpus. There is a lucent line (arrow) in the
proximal one-third of the fourth metacarpal bone which
represents a nutrient foramen.

Figure 3.12 Dorsolateral-palmaromedial oblique view of an
adult metacarpus. There is mineralization between the third
and fourth metacarpal bones of no clinical significance.
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SIGNIFICANT RADIOLOGICAL ABNORMALITIES
Periostitis

Periostitis resulting from direct trauma to bone

Direct trauma to any of the metacarpal bones may result in inflammation
of the periosteum and/or a subperiosteal haematoma and subsequent
periosteal new bone. The smoothness of the margin and the opacity of the
new bone help to determine the activity and chronicity of the lesion. New
bone is usually not detectable for at least 14 days and appears first as slightly
opaque bone in the soft tissues adjacent to the metacarpal bone, with an
irregular margin (Figures 3.14a and 3.14b). The new bone becomes
progressively more opaque and smoother in outline as it is modelled (see
Figures 3.11a and 3.11b, page 145).

The second and fourth metacarpal bones seem particularly susceptible
to production of very irregular new bone. Pillars of relatively opaque bone
may be separated by more lucent bone. This pallisade-like appearance,
which may be due to invasion of the proliferative new bone by some fibrous
tissue, may persist when the lesion has become inactive (Figure 3.11b, page
145). The pattern of mineralization can result in a lucent line, or lines, which
traverse the periosteal reaction and may mimic a fracture (Figure 3.14b).

Provided that there is no further trauma to the bone, an active periosteal
reaction usually becomes quiescent within 6-12 weeks. A horse with an
active periosteal reaction usually resents pressure applied to the lesion but
may not be lame; nevertheless, it is likely that the reaction will heal more
quickly if the horse is confined to box rest.

Periostitis produced in response to microfractures

Sore shins or ‘bucked shins’ is a relatively common syndrome in racing
Thoroughbreds and Quarter Horses, resulting in localized heat, pain and
swelling and a variable degree of lameness.

Cortical modelling is an adaptive response to increased loading during
normal exercise. During training of 2- and 3-year-old horses, cortical
modelling is particularly intense and often creates focal areas of porosity
in the cortex. Cyclic loading of the immature third metacarpal bone may
ultimately result in fatigue microfractures in the middle or distal one-thirds
of the dorsal cortex which are not detectable radiographically. They may
also be seen occasionally in older horses which have not previously under-
gone training. Microfractures may result only in periosteal and endosteal
reactions, and if the training programme is moderated a fracture may never
be detected radiographically. If early clinical signs are overlooked and the
horse is kept in training, an overt, radiographically detectable fracture may
result. Alternatively acute fractures do occur without any preceding
periosteal reaction.

When clinical signs are first recognized, high-quality radiographs or
xeroradiographs are essential to identify radiographic abnormalities.
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Figure 3.14(a) Dorsomedial-palmarolateral oblique view of an adult metacarpus.
There is ill-defined, irregular periosteal new bone on the middle of the diaphysis of
the second metacarpal bone (a ‘splint’). The radiographs are deliberately
underexposed in order to highlight the less opaque new bone.
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Figure 3.14(b) Dorsomedial-palmarolateral oblique view of an adult metacarpus.
There is smoothly outlined enlargement of the middle of the diaphysis of the second
metacarpal bone, with ill-defined irregularly outlined periosteal new bone at the distal
end of the middle third of the bone. There are ill-defined lucent lines within the bone.
These are the result of new bone formation and should not be confused with fractures.
There is also ossification between the second and third metacarpal bones.

[149]

CHAPTER 3
The Metacarpus and Metatarsus



CHAPTER 3
The Metacarpus and Metatarsus

Nuclear scintigraphy demonstrates focal increased uptake of technetium-
g9m (*™Tc). Intracortical fissures or indistinct lucent areas in the dorsal
cortex are sometimes demonstrable, with or without localized periostitis and
an endosteal reaction. Periostitis is not detectable using plain radiography
until approximately 2 weeks after the onset of the clinical signs.

Using high-quality radiographic technique and multiple oblique views it
may be possible to detect small fractures in the dorsal cortex of the bone.
Most fractures traverse distoproximally at an angle of approximately 30° to
the long axis of the bone and end at the junction of the middle and inner
one-thirds of the cortex (Figures 3.15a and 3.15b). Some fractures extend to
form a complete semi-circle or ‘saucer’; occasionally only the proximal half
of the saucer can be seen. Multiple fractures sometimes occur.

Rest results in resolution of clinical signs, but follow-up radiography
or nuclear scintigraphy is important to monitor bone healing. Some
fractures heal satisfactorily within 8-12 weeks and training can be resumed,
but in some horses there appears to be minimal change in the radiographic
appearance of the fracture and, in selected cases, surgical intervention
may be necessary. In order to monitor healing it is very important to obtain
identical radiographic views to those which initially best demonstrated the
lesion.

Periostitis between the second and third
or fourth and third metacarpal bones (splints)

Periostitis between the second and third or fourth and third metacarpal
bones develops secondary to damage of the interosseous ligament. The
reaction, which is of variable size, usually involves the proximal one-
half of the second or fourth metacarpal bones. Splints develop most
frequently between the second and third metacarpal bones in the forelimb
and the fourth and third metatarsal bones in the hind limb. Several oblique
views may be necessary in order to evaluate the interosseous space
properly.

The condition occurs most commonly in young horses when regular
work commences, but is also seen in older horses. There may be associated
lameness, deteriorating with work. Careful palpation reveals a localized
area of pain. If the metacarpal region is set lateral relative to the central
axis of the antebrachium and carpus, or there is an angular limb deformity,
the horse is particularly prone to the development of both ossification
between the second and third metacarpal bones, and new bone on the
medial aspect of the second metacarpal bone, as the bones model
according to Wolf’s law. This often develops without associated lameness.
New bone formation may also occur suddenly in older horses without
lameness.

In an early lesion there is some slightly opaque bone between the two
metacarpal bones, and cortical bone remodelling may be detectable.
With time the periosteal new bone becomes more opaque and will
eventually look solid. The amount of periosteal new bone produced is
extremely variable and sometimes an active bony reaction may mimic a
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(a) (b)

Figure 3.15(a) Lateromedial view of the metacarpus of a 3-year-old Thoroughbred.
There is soft-tissue swelling over the middle of the dorsal aspect of the metacarpus
and an incomplete dorsal cortical ‘saucer’ fracture of the third metacarpal bone.

Figure 3.15(b) Dorsolateral-palmaromedial oblique view of the same horse as in
Figure 3.15(a). Note the endosteal new bone (arrows).
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fracture with associated callus. It is not possible to differentiate radio-
graphically between this condition and periostitis developing secondary to
direct trauma. With rest the active bone reaction usually settles within 6
weeks, but can take several months. The new bone may model once it is no
longer active. Lameness will recur if work is resumed when the periosteal
reaction is still active.

Occasionally, if extensive new bone develops on the axial surface of the
second or fourth metacarpal bones, this may result in associated suspensory
ligament desmitis and adhesion formation. The significance of the new bone
must be assessed in the light of clinical signs. Ultrasonographic examination
may also be helpful.

Periostitis/entheseophyte formation in the area of attachment of the
suspensory ligament

The suspensory ligament originates from the proximal palmar aspect of the
third metacarpal bone. Tearing of the attachment may result in enthe-
seophyte formation or periostitis due to subperiosteal haematoma forma-
tion. Radiographic examination may reveal a localized area of increased
opacity in the proximal aspect of the bone with or without small patchy
lucent zones. In the early stages this is seen only in high-quality dorsopal-
mar views (Figures 3.16a—-d, pages 154 and 155), and comparison with the
contralateral limb is often helpful. The presence of radiographic abnormal-
ities associated with proximal suspensory desmitis is seen more commonly
in hind limbs than forelimbs. However, increased opacity of the proximal
third metatarsal bone may be seen as an incidental finding in dorsoplantar
projections, and is not necessarily synonymous with active desmitis. In the
forelimb the lesions predominantly involve the medial half of the third
metacarpal bone, whereas in the hind limb the lateral half of the third
metatarsal bone is more frequently involved.

If entheseophyte formation is extensive it may also be seen in a latero-
medial view as an area of increased opacity superimposed over the second
or fourth metacarpal bones.

Fatigue (stress) fractures of the palmar cortex of the third metacarpal
bone can result in increased opacity of the proximomedial aspect of
the third metacarpal bone and a lucent vertical or oblique line or lines
may be detectable (Figure 3.25, page 164). The opaque region may extend
further distally compared to that associated with proximal suspensory
desmitis, and abnormalities are usually not detectable on a lateromedial
projection.

Increased opacity seen in a dorsopalmar view may also be due to
sclerosis of the trabeculae, which may be seen in the subcortical bone in a
lateromedial view (Figure 3.16b). The trabeculaec may be orientated more
obliquely than usual. The suspensory ligament per se should be evaluated
ultrasonographically. Nuclear scintigraphy may also be helpful to determine
the degree of bony activity. Severe trauma may result in an avulsion
fracture of the origin of the suspensory ligament (see page 162).
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Periosteal new bone on the proximal third of the second or
Jourth metacarpal bones

Extensive pallisading periosteal new bone involving the base and proximal
metaphyseal region of the second or fourth metacarpal bones can be seen
in association with localized narrowing of the carpometacarpal joint (Figure
3.17, page 156). It is usually associated with chronic lameness.

Infectious osteitis and osteomyelitis

The third metacarpal bone is only protected by a thin layer of soft tissues,
and is therefore susceptible to infection following severe skin wounds and
trauma to the bone. An open fracture of any of the metacarpal bones
may also result in infection. The thick dorsal cortex of the diaphysis of the
third metacarpal bone may predispose it to sequestrum formation in its
outer one-third, since trauma to the bone may deprive it of its periosteal
blood supply, and leave it dependent on medullary vessels traversing the
cortex.

Radiographic signs of osteitis are not detectable until at least 7-14 days
after the injury when subtle lucent areas may be seen in the cortex. These
may be restricted to lucent lines parallel to the margin of the bone, in the
outer one-third of the cortex. Earlier diagnosis of infectious osteitis may be
possible using ultrasonography. In most cases this progresses to sequestrum
formation; a central opaque piece of bone (the sequestrum) is surrounded
by a lucent zone (purulent material or granulation tissue) which is in turn
bordered by more sclerotic bone (the involucrum) (Figure 3.18, page 157).
Periostitis may develop proximal and distal to the sequestrum but does
not involve the sequestrum per se. Although antibiotic therapy may control
clinical signs, removal of the sequestrum is usually required for complete
recovery.

Angular limb deformities originating in the diaphysis of the third
metacarpal or metatarsal bone

This is a rare condition, which may be congenital. The abnormal limb
angulation is noted clinically, but the site of deformity is confirmed radio-
graphically. The limb deviation usually originates in the proximal one-third
of the third metacarpal or metatarsal bone. There may be cortical thicken-
ing on the concave side of the bone. To correct the condition wedge
osteotomy may be considered.

Physitis of the third metacarpal bone

Physitis (physeal dysplasia) of the distal physis of the third metacarpal bone
may result in enlargement of the bone and an angular limb deformity of the
metacarpophalangeal joint. Radiographically the metaphysis of the bone is
broadened and asymmetrical. There is sclerosis of the metaphysis adjacent
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Figure 3.16(a) Lateromedial view of the
proximal metatarsus of a normal adult
horse. Note the regular, linear
orientation of the trabeculae and the
definition between the cortical and
medullary bone.

Figure 3.16(b) Lateromedial view of a
proximal metatarsus. There is marked
thickening and sclerosis of the plantar
cortex of the third metatarsal bone
associated with chronic proximal
suspensory desmitis. The horse had
recurrent lameness.

[154]



[155]

CHAPTER 3
The Metacarpus and Metatarsus

Figure 3.16(c) Dorsoplantar view of the
proximal metatarsus of a normal adult
horse. Note the regular linear
orientation of the trabeculae and the
clear definition between the proximal
subchondral bone plate and the medulla.

Figure 3.16(d) Dorsoplantar view of a
proximal metatarsus (see Figure 3.16b).
There is increased opacity of the lateral
one-half of the third metatarsal bone
resulting in loss of definition between
the proximal subchondral bone plate
and the medulla. This was associated
with chronic proximal suspensory
desmitis, but can be seen as an incidental
finding.
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Figure 3.17 Dorsopalmar view of the
proximal metacarpal region of an aged
pleasure horse, with lameness associated
with pain in this area. There is narrowing
of the carpometacarpal joint medially
(black arrow) with ill-defined lucent
areas in the adjacent subchondral bone.
There is irregularly outlined new bone
(white arrow) on the abaxial aspect of
the second metacarpal bone.

to the physis, which may be more irregular in appearance than normal. The
cortices of the bone may be abnormally thick. The epiphysis may appear
wedge shaped. Surgical correction of the deviation should ideally be
performed before 3 months of age.

Mineralization in the soft tissues

Dystrophic mineralization may occur in the soft tissues, particularly in the
suspensory ligament or the digital flexor tendons, as the result of trauma or
injection of a medicament. This may be of no clinical significance, but a more
thorough clinical appraisal of the structure involved and ultrasonographic
examination are indicated.

Hypertrophic osteopathy

Shifting limb lameness associated with variable oedematous swelling of a
limb or limbs is the most common clinical feature of hypertrophic
osteopathy (Marie’s disease) (see Chapter 1, page 15). Careful palpation of
the metaphyses and diaphyses of the bones may reveal unusual heat and
tenderness. Radiographically the disease is typified by periosteal new bone,
which often appears active and extends along the metaphyses and
diaphyses (Figure 3.19, page 158). The third metacarpal and metatarsa bones
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Figure 3.18 Dorsopalmar view of a metacarpus. There is a sequestrum (filled black
arrow) and involucrum (open arrows), and extensive periosteal new bone formation
with a lucent cloaca (white arrow) and overlying soft-tissue swelling.

are frequently involved. The periosteal reaction must be differentiated from
other causes of periostitis and osteitis.

Fractures
Third metacarpal bone

FRACTURES OF THE DISTAL PHYSIS

Fractures of the distal physes of the third metacarpal and metatarsal bones
are not uncommon and usually have a Salter-Harris type II configuration
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Figure 3.19 Slightly oblique dorsopalmar view of the metacarpus and proximal
phalanx of a 3-year-old Thoroughbred colt with hypertrophic osteopathy. There is
extensive ill-defined, active periosteal new bone along the distal diaphysis and
metaphysis of the third metacarpal bone and the proximal metaphysis of the proximal
phalanx (arrows). The primary lesion was an aortic aneurysm (identified post mortem).

(see Chapter 1, page 17). Internal fixation is the treatment of choice, and
provided that the foal is not less than 8 weeks of age, the longitudinal growth
of the bone should not be compromised. Immobilization of the limb in a
full-limb cast has been successful in some cases.

FATIGUE FRACTURES OF THE DORSAL CORTEX
(‘SAUCER’ FRACTURES)

Fatigue fractures of the dorsal cortex have been discussed previously
(pages 147 and 150).
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CONDYLAR FRACTURES

Fractures of either the medial or, more commonly, the lateral condyle are a
common injury in racehorses (Thoroughbreds, Standardbreds and Quarter
Horses). There is usually distension of the metacarpophalangeal joint
capsule, pain on flexion of the joint, and moderate to severe lameness. If the
fracture is incomplete the lameness may resolve temporarily following rest.
The fractures either occur adjacent to the sagittal ridge (Figure 3.20), or in
the mid-condyles (Figure 3.22, page 162) and may be incomplete with
minimal displacement. Some of these fractures extend longitudinally
through the diaphysis. Many fractures are complete and ‘break out’ through
the cortex approximately 5—8cm proximal to the articular surface. Any frac-
ture extending longer than 7.5cm is likely to be complete. In both the fore-
limbs and the hind limbs the lateral condyle is most commonly involved
(Figure 3.20). Medial condylar fractures are more often incomplete and
extend into the diaphysis (Figures 3.21a and 3.21b, page 161).

If the fracture is incomplete it is very important to examine the entire
metacarpus. All the standard views should be used, and extra obliques at 5°
increments may be necessary to establish whether the fracture extends into
the diaphysis. Even with radiographs of excellent quality it may not be
possible to identify all the components of the fracture. A dorsodistal-
palmaroproximal oblique view to examine the palmar articular surface is
important to identify comminution, which cannot be detected in standard
views. The sesamoid bones should also be inspected carefully since occa-
sionally they suffer concurrent fractures. Some incomplete, non-displaced
fractures are extremely difficult to detect radiographically in the acute stage,
and nuclear scintigraphy may be useful to confirm the results of trauma to
bone. Follow-up radiographs obtained after 7-10 days may demonstrate the
fracture. Simple, non-displaced fractures may be successfully treated by lag
screw fixation or, in selected cases, immobilization in a cast and box rest.
Displaced fractures require reduction and internal fixation. The presence of
Y-shaped fragments at the articular surface (Figure 3.22, page 162) is asso-
ciated with a poorer prognosis. Long-term persistence of a radiographically
detectable lucent fracture line is associated with reduced performance, com-
pared to horses in which the fracture line disappears.

METAPHYSEAL AND DIAPHYSEAL FRACTURES

Incomplete transverse fractures through the palmar or dorsal aspect of the
distal diaphysis or metaphysis occur occasionally, and may be bilateral
(Figures 3.23a and 3.23b, page 163). They are associated with moderate to
severe lameness, and pain can be induced by applying pressure on the
palmar or dorsal cortex. These fractures, which are usually incomplete, are
best seen in lateromedial and oblique projections. A lucent line traverses
the bone horizontally from either the palmar or the dorsal cortex. Within
7-10 days some callus may be identified at the site where the fracture passes
through the cortex. These fractures heal satisfactorily with rest.

Fractures of the diaphysis of the third metacarpus usually occur in
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Figure 3.20 Dorsoproximal-palmarodistal oblique view of a metacarpus of a 3-year-
old Thoroughbred. There is an incomplete lateral condylar fracture. Such a fracture
would be obscured by the lateral proximal sesamoid bone in a dorsopalmar view.
Ideally a dorsodistal-palmaroproximal oblique view is also required to evaluate better
the articular surface to establish whether or not there is comminution.

transverse, spiral or comminuted configurations and are often compound.
Clinical signs include severe lameness and readily detectable crepitus.
Radiography is used to confirm the orientation of the fractures. In some
cases many oblique views are needed to follow the complete course of the
fracture(s). The radiographs should be inspected carefully to establish
whether involvement of the nutrient foramen has occurred, as this will
adversely influence the prognosis. Internal fixation using dynamic com-
pression plates and lag screws may result in complete recovery.
Incomplete oblique sagittal dorsal cortical fractures occur occasionally
in young Thoroughbred racehorses. These fractures are orientated in a
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(a) (b)

Figure 3.21 Dorsoplantar (a) and plantarolateral-dorsomedial oblique (b) views of a
metatarsus of a 4-year-old Thoroughbred. There is an incomplete medial condylar
fracture which spirals proximally in the diaphysis. The limb is in a cast incorporating
the foot, extending to the hock.
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Figure 3.22 Dorsodistal-palmaroproximal (extended) oblique view of the
metacarpophalangeal joint of a 5-year-old Thoroughbred racehorse with acute onset
forelimb lameness of 2 weeks’ duration. There is a fracture of the lateral condyle of
the third metacarpal bone. Note the Y-shaped comminution (arrows) at the articular
surface. This is not visible in standard projections.

proximolateral-distomedial direction, within the dorsal cortex, at an angle
of 2030° to the long axis of the bone. They are best identified in
palmarodorsal views.

Avulsion fractures of the origin of the suspensory ligament cause a
variable degree of lameness which may be relieved by subcarpal local
analgesia. Similar fractures may occur slightly distal to the site of attach-
ment of the suspensory ligament; the actiology of these is unknown.
Radiographically these fractures are identified as lucent crescent-shaped
lesions in the metaphysis in a dorsopalmar view (Figure 3.24, page 164) or
as separate bone fragments on the palmar aspect in a lateromedial or a
flexed lateromedial projection. They occur in both the forelimb and the hind
limb. Ultrasonography may be more sensitive in identifying some small
avulsed fragments, and is helpful to determine the presence of concurrent
suspensory desmitis. Lameness usually resolves satisfactorily with rest.

Similar clinical signs may also be associated with fatigue fractures of the
palmar cortex of the proximal one-third of the third metacarpal bone. In a
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Figure 3.23(a) Dorsolateral-palmaromedial oblique view of the Figure 3.23(b) Dorsolateral-palmaromedial oblique view of a

distal metacarpus of a mature riding horse who had had a distal metacarpus of a 7-year-old steeplechaser with chronic
sudden onset of bilateral forelimb lameness 12 days previously. lameness of several weeks’ duration. There is a curved lucent
There is an ill-defined lucent fracture line traversing the distal line through the metaphysis of the third metacarpal bone
metaphysis and extensive ill-defined periosteal new bone with some surrounding sclerosis. This is an incomplete
(callus) on the dorsal and palmar aspects. The horse had metaphyseal fracture. Note also the rather unusual

sustained bilateral fractures, was treated conservatively, and configuration of the distal aspect of the fourth metacarpal
made a complete recovery. bone. The horse was treated conservatively and made a

complete recovery.

dorsopalmar view these are evident radiographically as subtle vertical
lucent lines (the fracture seen ‘end-on’) in the metaphysis usually with sur-
rounding sclerosis of the trabecular bone (Figure 3.25). Fatigue fractures
occur most often in the medial one-half of the third metacarpal bone. Some-
times no fracture line is detectable, only medullary sclerosis. This is par-
ticularly so in the less lame limb of a bilaterally lame horse. Development
of sclerosis, the result of microfractures, may precede the onset of lameness.
Less commonly the fracture is seen only in an oblique view, although
increased opacity is seen on a dorsopalmar projection. Increased opacity
should be differentiated from that associated with chronic proximal
suspensory desmitis (see page 152). Nuclear scintigraphy might enable

[163]



Figure 3.24 Dorsopalmar view of a metacarpus of a 6-year-old Figure 3.25 Dorsopalmar view of a metacarpus of a 5-year-old

steeplechaser with sudden onset of lameness 12 days hurdler with recurrent lameness of several weeks’ duration.
previously. Lameness was alleviated by subcarpal analgesia. Lameness was alleviated by subcarpal analgesia. There is an ill-
There is a curved lucent line in the third metacarpal bone defined approximately vertical lucent line (arrows) in the
(arrow) which probably represents an incomplete avulsion medial half of the third metacarpal bone with surrounding
fracture of the origin of the suspensory ligament. The horse was sclerosis of the trabecular bone. This is a palmar cortical fatigue
treated conservatively and made a complete recovery. fracture. The horse was treated conservatively and made a

complete recovery.

detection of these fractures earlier and may aid interpretation of subtle
alterations in the trabecular pattern of the bone. It may also provide a more
accurate indicator of satisfactory healing than radiography. Lameness
usually resolves satisfactorily with rest (3 months).

Articular fractures of the dorsoproximal medial aspect of the third
metacarpal bone have been identified in Standardbred racehorses (pacers).
These fractures are best identified in a dorsolateral-palmaromedial oblique
projection. Satisfactory healing usually occurs with conservative man-
agement.

Third metatarsal bone

Incomplete articular fractures of the dorsoproximal aspect of the third
metatarsal bone have been seen in association with osteophyte formation
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on the dorsal aspect of the tarsometatarsal joint in young Thoroughbred
racehorses, and occasionally in older performance horses. These fractures
are difficult to identify radiographically unless the x-ray beam passes
through the fracture plane. They are usually best seen in a projection which
superimposes the lateral and medial trochlea tali. Similar complete fractures
have been identified in Standardbred racehorses. Lameness is acute in onset
and moderate, and is alleviated either by intra-articular analgesia of the tar-
sometatarsal joint or by perineural analgesia of the fibular and tibial nerves.
Nuclear scintigraphy may be useful to focus attention on the proximal
metatarsus. In both Thoroughbreds and Standardbreds there is frequently
pre-existing periarticular new bone formation on the dorsoproximal aspect
of the third metatarsal bone. Abnormal bone may predispose to fracture.
The prognosis for return to full athletic function without recurrent
lameness is guarded. Although the fracture may heal, there is often further
development of periarticular new bone or degenerative changes within the
tarsometatarsal joint.

Second and fourth metacarpal/metatarsal bones

Fractures involving the proximal one-half of the second and fourth
metacarpal bones are usually the result of external trauma and may be
comminuted. There is a high risk of secondary infection, especially if the
fracture is open. Surgical stabilization may be required, since weight is
transmitted through the second and fourth metacarpal bones. Fractures of
the proximal third of the second or fourth metatarsal bone can often be con-
servatively treated, with success. The carpal bones should be inspected
for evidence of a concurrent fracture, which will adversely influence the
prognosis (see also page 203).

A fracture at the junction between the middle and distal one-thirds of
the second or fourth metacarpal bones is often seen in association with
suspensory desmitis, but may be the result of external trauma. The fracture
may not be detectable clinically without radiographic examination, espe-
cially if there is widespread swelling. The suspensory ligament should be
assessed carefully, preferably using ultrasound, and the proximal sesamoid
bones radiographed if indicated. If the fracture is displaced distally (Figure
3.26a) a non-union may result. The fracture fragment often does not cause
a problem if left in situ, but may be removed surgically. The majority of
fractures which are treated conservatively do heal within 2 months (Figure
3.26b) although there may be considerable callus formation (Figure 3.26¢)
and small lucent defects may persist. The callus models and often reduces
in size, but some enlargement of the bone persists. Simple fractures of the
second and fourth metacarpal (metatarsal) bones have a good prognosis,
but associated suspensory ligament desmitis warrants a more guarded
prognosis. Surgical removal of the fracture may be indicated if there is a
malunion with adhesion to the suspensory ligament.

Figure 3.27 (page 168) summarizes common fracture sites in the
metacarpus and the metatarsus.
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Figure 3.26(a) Dorsomedial-plantarolateral oblique view of a
metatarsus. There is soft-tissue swelling and an old displaced
non-union fracture of the second metatarsal bone. Note also
the irregular contour of the plantar cortex of the third
metatarsal bone. Soft-tissue swelling is due to concurrent
suspensory desmitis.

[166]

Figure 3.26(b) Dorsomedial-palmarolateral oblique view of a
metacarpus. There is a healed fracture of the distal aspect of
the second metacarpal bone. Note also the rather curved
configuration of the bone, suggestive of possible adhesions
with adjacent soft tissues.
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Figure 3.26(c) Dorsomedial-palmarolateral oblique view of a metacarpus. There is
considerable modelling of the distal end of the second metacarpal bone, the result of a
previous fracture and excessive callus formation. Note also the mineralization
proximal to the proximal sesamoid bones reflecting associated suspensory desmitis.
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Chapter 4
The Carpus

RADIOGRAPHIC TECHNIQUE

The carpus consists of three principal joints — antebrachiocarpal (radio-
carpal), middle carpal (intercarpal) and carpometacarpal. Articulations
also exist between adjacent bones in each row of carpal bones. This causes
overlying images which may confuse interpretation. Consequently it is
important to obtain at least five standard views.

Equipment

Portable x-ray machines are adequate for radiography of the carpus and a
grid is not required. High definition screens and films are preferable,
although rare earth screens and compatible films can be used. The faster
screen and film combinations tend to lack contrast and definition. A grid
may be useful if the carpal region is very swollen.

Positioning

Examinations are best carried out with the horse standing, and sedation is
usually unnecessary.

All examinations should include lateromedial, dorsopalmar, dorsal 45°
lateral-palmaromedial oblique, dorsal 45° medial-palmarolateral oblique,
and flexed lateromedial views. If degenerative joint disease is suspected
it may also be helpful to obtain dorsal 75° lateral-palmarodistal oblique
and dorsal 75° medial-palmarolateral oblique views to evaluate better the
entire joint margins. For suspected fractures, it is often necessary to take
further oblique views at different angles, as well as dorsoproximal-
dorsodistal oblique (‘skyline’) views. Consistency of the angle of the views
will greatly aid film reading.

Lateromedial, dorsopalmar and oblique views

Lateromedial, dorsopalmar and oblique views are all obtained with the
horse standing bearing weight evenly on all four limbs, with the limb to be
radiographed vertical. Dorsopalmar and most oblique views are obtained
with the x-ray beam aligned horizontally, and the cassette held vertically, at
right angles to the beam. The joints slope distally to a varying degree
towards their lateral or medial aspects. For this reason the x-ray beam may
need to be angled slightly up or down in order to give good visualization of
the joints on lateromedial views. The x-ray beam should be centred on the
middle carpal joint or on a site of particular interest. In order to obtain true
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Figure 4.1 Positioning to obtain a flexed
lateromedial view of the carpus.

lateromedial and dorsopalmar views of the joints the x-ray beam should be
orientated relative to the limb, rather than the trunk of the horse.

Flexed lateromedial views

The flexed lateromedial view is of great assistance to separate some of the
overlying bone images. Chip fractures are often most easily seen on this view.

The horse should stand squarely on all four limbs. The limb to be
radiographed is then lifted by an assistant who stands against, or just behind,
the shoulder of the horse, facing in the same direction as the horse. The toe
of the foot is rested on the assistant’s leg to help keep the limb steady and
also to enable the limb to be repositioned accurately if subsequent films are
needed. It is important not to rotate the limb, and the foot should be sup-
ported vertically below the elbow (Figure 4.1). The x-ray beam is initially
maintained horizontal, at right angles to the long axis of the limb. Slight
changes in alignment of the x-ray beam may need to be made subsequently
to allow better visualization of specific lesions.

Flexed dorsoproximal-dorsodistal oblique (skyline) views

Dorsoproximal-dorsodistal oblique views of the carpus are essential to
visualize some slab fractures, to establish their extent, and to detect pathol-
ogy not apparent in the standard views (see also ‘Degenerative joint disease’
page 190, ‘Sclerosis of the third carpal bone’, page 194 and ‘Saggital frac-
ture of the third carpal bone’, page 2071).

An assistant holds the limb to be examined with the carpus flexed, and
slightly in front of the carpus of the contralateral limb, trying to keep the
metacarpal region horizontal (Figure 4.2). The cassette is placed against the
dorsal aspect of the third metacarpal bone, with its centre level with the
carpus. The degree of flexion of the carpus which can be achieved depends
on the amount of pain induced by flexion. The angle of the x-ray beam
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required to visualize the distal radius, and proximal and distal rows of
carpal bones, is therefore variable. The radiographer must try to visualize
the positions of the radius and the carpal bones in relation to the degree of
flexion. In a fully flexed carpus the following guide can be given:

e To project an image of the distal radius, the x-ray beam is aligned at
approximately 85° to the cassette (Figure 4.2), pointing obliquely downward
through the flexed carpus. This is often most easily achieved if the carpus is
allowed to drop towards the ground.

e To project an image of the proximal row of carpal bones, the beam is
aligned at approximately 55° to the cassette (Figure 4.2).

e To project an image of the distal row of bones, the beam is aligned at
approximately 35° to the cassette (Figure 4.2).

NORMAL ANATOMY

Immature horse

The distal radius has two ossification centres. The lateral styloid process
(morphologically the distal end of the ulna) is separate at birth and fuses
with the epiphysis in the first year of life. Oblique views of the carpus in a
skeletally mature horse may demonstrate a radiolucent line between the
styloid process and the distal radius. This line is more pronounced in young
horses, but may persist to varying degrees throughout life. The distal radial
physis closes at about 20 months of age.

At birth the joint spaces appear wider than in the mature horse, since
endochondral ossification is incomplete and therefore the cartilage is
thicker (Figures 4.3a and 4.3b). The carpal bones should be approximately
cuboidal. Rounded margins to the bones indicate that they are incompletely
ossified (see ‘Incomplete carpal ossification’, page 198).
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Figure 4.2 Positioning to obtain
dorsoproximal-dorsodistal oblique views
of the carpus. The three different angles
of the x-ray beam allow visualization of
the distal radius, proximal row of carpal
bones, or distal row of carpal bones.
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Figure 4.3(b) Dorsopalmar view and
diagram of a carpus of a normal 5-day-
old foal.



CHAPTER 4 Each of the carpal bones ossifies from a single centre and is fully devel-
The Carpus oped by 18 months of age.
The third metacarpal bone has a proximal epiphysis, which is fused with
the metaphysis at birth.

Skeletally mature horse

The carpus is complex, and it may be necessary to compare images from
several different views to ensure that suspected lesions are not due to
overlying images.

Figure 4.4 Lateromedial view and
diagram of a normal adult carpus.




Lateromedial view

The distal radius has a prominent transverse ridge caudally. Medially
and laterally the medial and lateral collateral ligaments of the carpus
attach. Immediately distal to the ridge are depressions for attachment of
carpal ligaments. This transverse ridge is not the origin of the accessory
ligament of the superficial digital flexor tendon, which arises from a
longitudinal ridge approximately 10-15cm proximal to the antebrachio-
carpal joint.

The lateromedial view (Figure 4.4) demonstrates the two rows of carpal
bones clearly delineated by the antebrachiocarpal, middle carpal and
carpometacarpal joints. These joints are represented by double lucent lines,
as they undulate, rather than forming flat parallel planes. It is possible to
eliminate the double line in local areas by altering the angle of the beam
and/or the point at which it is centred.

On a true lateromedial view, the bone projected most dorsally in the
proximal row is the intermediate carpal. This bone has a relatively
straight dorsal border, well defined proximally and distally where it
meets the articular surfaces at approximately a right angle. Very slight
dorsolateral-palmaromedial obliquity will make the radial carpal bone most
prominent.
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Figure 4.5 Dorsopalmar view and
diagram of a normal adult carpus.

The most dorsal of the distal row of carpal bones is the third carpal. The
middle third of this bone often protrudes dorsally. The dorsal surface meets
the articular surfaces at approximately a right angle.

The accessory carpal bone is relatively thin, but thickens at its
palmar aspect where there are tendon and ligament insertions. There is a
vertical radiolucent line close to the palmar surface caused by edge
enhancement.

One or two focal radiolucencies may be seen on the dorsal aspect of the
antebrachiocarpal joint. These represent fat in the joint capsule, and
lie palmar to the synovial sheath of the extensor carpi radialis tendon.
Distension of the joint capsule may obscure these lucent areas.




Dorsopalmar views

There is a large approximately circular lucent zone in the centre of the distal
end of the radius, which is caused by a depression (between the medial and
lateral styloid processes) in the caudal surface of the bone.

Figure 4.5 shows the individual carpal bones seen on the dorsopalmar
radiograph, and the reader is referred to this figure for their identification.
A radiolucent canal is normally seen between the radial and intermediate
carpal bones on this projection.

Oblique views

Standard oblique views are shown in Figures 4.6 (page 180) and 4.7 (page
181), but their appearance is greatly affected by the degree of obliquity.
Interpretation of oblique radiographs is therefore facilitated by comparison
with an anatomical specimen.

Flexed lateromedial view

In the flexed lateromedial view (Figure 4.8, page 182) the distal end of the
radius will normally be projected as three distinct articular surfaces, that
with the largest radius of curvature being the radial facet, the smallest the
intermediate facet, and the lateral or ulnar facet having an intermediate
radius of curvature.
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Figure 4.6 Dorsal 45° lateral-
palmaromedial oblique view and
diagram of a normal adult carpus.
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Figure 4.8 Flexed lateromedial view and diagram of a normal adult carpus.

As the carpus is flexed, the accessory carpal bone gradually rotates
around a horizontal axis, and so appears slightly shorter in a proximal to
distal direction than on a standing lateral view.

The majority of carpal flexion occurs at the antebrachiocarpal joint, with
some flexion at the middle carpal joint. As the carpus flexes, the inter-
mediate carpal bone moves proximally relative to the radial carpal bone.
The proximal border of the fourth carpal bone is seen proximal to the third,
and the dorsal surface of the third is dorsal to the fourth. The car-
pometacarpal joint does not open appreciably during flexion. The first and
or the fifth carpal bones, if present, are easily seen.
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Dorsoproximal-dorsodistal oblique views

It is necessary to obtain separate views to evaluate the distal radius, and the
proximal and distal rows of carpal bones.

The distal radius has a continuous outline, with two distinct grooves on
the dorsal aspect (Figure 4.9a). The outline of the proximal row of
carpal bones may be seen superimposed on the image of the radius on
overexposed radiographs.

In the proximal row of carpal bones (Figure 4.9b) the dorsal borders of
the radial and intermediate carpal bones are clearly outlined, with their
articulation near the midline. The ulnar carpal bone can be seen laterally.

In the distal row of carpal bones (Figure 4.9¢) the third carpal bone is
central, with the second and fourth carpal bones at the medial and lateral
aspects respectively.

Each carpal bone should have a smooth outline, with an even
trabecular pattern and sharply defined corticomedullary border.

NORMAL VARIATIONS AND INCIDENTAL FINDINGS

In a lateromedial or slightly oblique lateromedial view there is a smoothly
outlined prominence on the caudal and cranial aspects of the radius at the
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Figure 4.9 Dorsoproximal-dorsodistal
oblique views and diagrams of the
carpus of a normal adult horse, showing:
(a) the distal radius; (b) the proximal
row of carpal bones; (c) the distal row of
carpal bones.

(b)
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Figure 4.10 Lateromedial view of a
carpus from a normal adult horse,
showing marked irregularity of the
caudal aspect of the radius (arrow)
proximal to the level of the fused distal
radial physis.

level of the fused physis. The distal caudal aspect of the radius proximal to
the physis may have a rather irregular outline (Figure 4.10). The transverse
ridge on the distal caudal aspect of the radius often appears slightly
roughened and does not reflect previous tearing of the accessory ligament
of the superficial digital flexor tendon (superior check ligament), which
arises further proximally from a longitudinal ridge approximately 10-15cm
proximal to the antebrachiocarpal joint. Oblique views may demonstrate an
incomplete lucent line in the distal lateral aspect of the radius (see page
173).

Although the distal end of the ulna is vestigial in the horse, it may con-
tinue to the distal tuberosity of the radius as a fibrous cord. In some cases
this is partially ossified, when it can be seen on radiographs. It is variable in
size and appearance (Figures 4.11a and 4.11b).




(a)

Figure 4.11 Dorsolateral-palmaromedial oblique views of the
distal radius and carpus of normal adult horses showing: (a) a
vestigial distal ulna — there is also a radiolucent zone (arrow)
with surrounding sclerosis in the ulnar carpal bone, which is
an incidental finding; (b) a vestigial distal ulna — there is also a
clearly demarcated opacity (arrow) caused by the torus
carpeus (chestnut). (b)

A lucent zone is sometimes seen in the ulnar carpal bone, with or without
an adjacent osseous opacity (Figure 4.11a). In a dorsopalmar projection they
may appear to be on the axial border of the bone. Their aetiology is
unknown, but they are not generally associated with lameness.

The first carpal bone is seen in approximately one-third of horses, in one
or both limbs. It is variable in size, ranging from pinpoint to 12—-15mm in
diameter. It may, but need not, articulate with the second carpal bone
(Figures 4.12a, 4.12b and 4.12¢), and occasionally also articulates with the
second metacarpal bone. If it is separated from the second carpal bone, it
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Figure 4.12 Dorsomedial-palmarolateral oblique view of the
carpus of normal horses, showing variations of the first carpal
bone. (a) The first carpal bone (arrow) is well separated from
the second carpal bone. (b) The first carpal bone (arrow)
appears to articulate with the second carpal bone. Note that
the distal palmar aspect of the second carpal bone appears
relatively lucent. (c) The first carpal bone appears to articulate
with the second carpal bone. The distal palmar aspect of the
second carpal bone is relatively lucent. There are ill-defined
lucent areas within the first carpal bone.



usually has a uniformly opaque appearance. If it is in close proximity to the
second carpal or metacarpal bones, then adjacent bones may show lucent
areas within them.

In occasional cases a fifth carpal bone is present on the palmarolateral
aspect of the distal row of carpal bones. Very occasionally there is a
separate ossification centre in the proximal row of carpal bones. The size,
shape and articulations of these bones are variable, but they are usually uni-
formly opaque. These separate ossification centres should not be confused
with fractures.

Some degree of sclerosis of the radial facet of the third carpal bone may
be seen in dorsoproximal-dorsodistal oblique views of horses in full work.

Marginal osteophyte formation may be seen, particularly on the medial
aspect of the antebrachiocarpal and middle carpal joints in older horses with
marked conformational abnormalities of the distal limb. This is most
common if the metacarpal region is set on lateral to the central axis of the
antebrachium. This is not necessarily associated with lameness, but this may
depend on the athletic demands placed on the horse.

SIGNIFICANT FINDINGS

Soft-tissue swelling

Soft-tissue injury and swelling of the carpus is common. It can generally be
appreciated radiographically, but it is frequently not possible to determine
its cause. The site of maximum swelling may be located near the site of the
injury, but frequently the swelling is too extensive for this to be of diagnostic
assistance. Swelling may be restricted to periarticular structures or involve
the carpal joint capsules. It may indicate the presence of synovitis and/or
infection, or result from contusion or ligament strains.

The antebrachiocarpal joint does not communicate with the middle
carpal joint. Synovitis of these joints may therefore occur separately.
Distension of the antebrachiocarpal joint capsule may obscure the focal
radiolucencies, which represent fat, on the dorsal aspect of the joint. If there
is swelling of the middle carpal joint capsule, a dorsoproximal-dorsodistal
oblique view of the distal row of carpal bones should be obtained (see ‘Scle-
rosis of the third carpal bone’, page 194). Occasionally herniation of a joint
capsule may occur, to cause a synoviocele, usually on the dorsolateral aspect
of the carpus. Distension of the tendon sheath of the extensor carpi radialis,
common digital extensor or lateral digital extensor may result in a chronic
hygroma-like swelling on the dorsal aspect of the carpus. Occasionally
communication develops between two of the above structures. Positive and
double contrast radiographic techniques are useful to aid differentiation of
these swellings, and to identify filling defects due to synovial proliferation
or adhesion formation. Ultrasonography may yield additional information.
Chronic distension of the tendon sheath of extensor carpi radialis is often
seen in association with irregular periosteal new bone formation on the
distal cranial radius; however, this new bone is not necessarily of clinical
significance.

[189]

CHAPTER 4
The Carpus



CHAPTER 4
The Carpus

Degenerative joint disease

The radiographic changes associated with degenerative joint disease are
described elsewhere (see Chapter 1, page 25). The most frequent abnor-
malities identified in the carpus are periarticular osteophytes, rounding of
the normally right-angled shape of the articular margins of the carpal bones,
and sclerosis or lucent zones in the subchondral trabecular bone (Figures
4.13a—¢). The antebrachiocarpal and middle carpal joints are most com-
monly affected.

Periarticular osteophytes are most commonly seen at the proximal and
distal dorsal aspects of the radial carpal bone, the proximodorsal aspect of
the third carpal bone, and less commonly the proximodorsal aspect of the
intermediate carpal bone. Because of this positioning, examinations for
degenerative joint disease of the carpus should always include dorsal 45°
lateral-palmaromedial and dorsal 75° lateral-palmaromedial oblique views.
Care should also be taken to evaluate the palmar margins of the joints, since
periarticular osteophyte formation may also develop here, especially in
more advanced cases of degenerative joint disease. Small bone spurs or
modelling of the joint margins may be found in apparently sound horses in
work, and their significance must be assessed in relation to the age of the
horse, conformation, the work previously carried out, current lameness and
future work required. Thus these would be of more significance if found at
a purchase examination of a young top-grade performance horse, than if
seen as an incidental finding in an old pleasure horse.

In the young Thoroughbred in training, subtle remodelling changes of
the radial and third carpal bones may have important consequences.
Initially there may be slight loss of opacity on the dorsal distal aspect of
the radial carpal bone; the distal articular margin becomes more rounded
and ‘cut back’. This effectively moves the articulation with the third carpal
bone in a slightly palmar direction. Subsequently the dorsoproximal aspect
of the third carpal bone becomes less opaque. This modelling may predis-
pose to fracture of the third carpal bone.

Narrowing of a joint space or ankylosis are rarely seen except in the
carpometacarpal joint.

Degenerative changes are sometimes seen involving only part of the
carpometacarpal joint, either the articulation between the second carpal
and second metacarpal bone, or the fourth carpal and fourth metacarpal
bone. There is narrowing of the joint space and subchondral lucent zones
or sclerosis, often in association with irregular periosteal new bone on the
metaphysis and proximal diaphysis of the second or fourth metacarpal bone

(Figure 3.17, page 157).

New bone formation

New bone formation is seen in several locations:

e New bone formed at the margins of the joints (periarticular osteo-
phytes) is associated with degenerative joint disease (see above).

e New bone formed on the dorsal aspect of one or more carpal bones, not
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Figure 4.13 Radiographs of the carpus of adult horses,
showing changes associated with early degenerative joint
disease (the significance of these radiographic abnormalities
must be determined in the light of the clinical examination).
(a) Dorsolateral-palmaromedial oblique view of the carpus of
an 8-year-old Thoroughbred cross. There is slight osteophyte
formation on the distal aspect of the radial carpal bone
(arrow) and slight loss of trabecular pattern in the proximal
aspect of the third carpal bone. (See also Figure 4.15a, showing
a dorsoproximal-dorsodistal oblique view of the same bone.)
(b) Dorsolateral-palmaromedial oblique view of the carpus of
a 3-year-old Thoroughbred. There is modelling of the distal
aspect of the radial carpal bone, with alteration of the
trabecular pattern (arrow) and rounding of the proximal
aspect of the third carpal bone. Note also the large fifth carpal
bone.

(c) Dorsolateral-palmaromedial oblique view of the carpus of
a §5-year-old crossbred. There is slight osteophyte formation
(solid arrow) on the medial aspect of the antebrachiocarpal
joint, with more extensive modelling of the distal aspect of the
radiocarpal bone (open arrow). Note the small radiolucent
zone in the distal aspect of the ulnar carpal bone.
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(d)

(e)

Figure 4.13 Cont'd

(d) Dorsopalmar view of the carpus of a 14-year-old Thoroughbred. There is
osteophyte formation on the distal medial aspect of the radius and the proximal
aspect of the radial carpal bone (white arrow). There is a small clearly outlined spur
on the distal medial aspect of the intermediate carpal bone (black arrow), the clinical
significance of which is unknown.

(e) Dorsolateral-palmaromedial oblique view of the carpus of a 3-year-old
Thoroughbred. There is osteophyte formation on the dorsomedial aspect of the
antebrachiocarpal joint, involving the distal radius and the radial carpal bone (solid
white arrow). The dorsal aspect of the radial carpal bone is modelled at the site of the
intercarpal ligament attachments (open white arrow). There is rounding of the distal
aspect of the radial carpal bone. Note the apparent lucent zone in the distal aspect of
the ulnar carpal bone, surrounded by a rim of sclerosis (black arrow). This is an
incidental finding.

involving the joint margins, may be associated with tearing or strain of
the intercarpal ligaments (entheseophyte formation), or direct trauma to
the periosteum (periosteal osteophytes) (Figure 4.14). Its significance will
depend to some extent on its activity at the time of examination, as well as
on the amount of bone formed. The new bone will gradually remodel, but
may remain irregular. If it has well-defined smooth opaque margins it is
unlikely to be of long-term significance. Entheseophyte formation on the
dorsal aspects of the carpal bones is often seen in association with degen-
erative joint disease. Entheseophyte formation reflects ligamentous
damage, resulting in slight instability of the joints. This may cause secondary
degenerative joint disease, but need not do so.
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e New bone formation is quite often seen on the transverse ridge of the
distal caudal radius, unassociated with clinical signs.

e Mineralization of new bone beginning to bridge the antebrachiocarpal,
middle carpal and/or carpometacarpal joints, as well as new bone between
the carpal bones in either row, is usually the result of infection or repeated
intra-articular administration of corticosteroids (so-called steroid arthropa-
thy). Both steroid arthropathy and infection result in destruction of bone
and thus irregular lucent areas in the bones. Infection is usually associated
with sclerosis, and either condition may result in ankylosis of joints and
extensive new bone formation. In either case, a poor or hopeless prognosis
must be given.

e New bone formation occasionally occurs at the origin of the acces-
sory ligament of the superficial flexor tendon (superior check ligament)
at the caudal aspect of the radius. Its significance should be assessed in
the light of clinical signs. Lameness, if present, will usually resolve with
rest. Ultrasonographic evaluation is important to assess the integrity of the
ligament.

e New bone formation may occur on the distal cranial radius, often in
conjunction with distension of the tendon sheath of extensor carpi radialis.
This is usually the result of repeated trauma, but is rarely of long term
significance. Occasionally surgical debridement is indicated.
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Figure 4.14 Dorsolateral-palmaromedial
oblique view of a carpus. There is new
bone on the dorsal aspect of the radial
carpal bone at the site of the intercarpal
ligament attachment. This is often not of
long-term clinical significance.
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Sclerosis of the third carpal bone

Some degree of sclerosis of the third carpal bone is believed to be a normal
modelling feature in young Thoroughbreds and Standardbreds in training
and usually involves the radial facet. These changes can only be appreciated
radiographically in dorsoproximal-dorsodistal oblique views, which
highlight the third carpal bone. Marked sclerosis of either the radial
(Figure 4.15a) or intermediate facet is abnormal. This change is appreciated
radiographically as a loss of both the trabecular structure and the definition
between the cortex and medulla. Often there is associated joint capsule dis-
tension of the middle carpal joint, a finding which should lead to further
evaluation of the third carpal bone. Small poorly circumscribed lucent
zones are abnormal (Figure 4.15b). The third carpal bone may be compared
carefully with the fourth carpal bone since the trabecular pattern of the
latter is generally normal. The radial facet can also be compared with the
remainder of the third carpal bone. Sclerosis of the third carpal bone can
be seen in conjunction with lameness alleviated by intra-articular analgesia
of the middle carpal joint, with no other identifiable abnormality. Lameness
usually resolves with rest, and the sclerotic bone slowly remodels. Some-
times intra-articular analgesia does not alleviate the lameness, but nuclear
scintigraphic examination reveals increased modelling activity in the third
carpal bone.

Excessive sclerosis, in the area of the radial facet, has been shown to
predispose to subsequent fracture.

Osseous cyst-like lesions

Osseous cyst-like lesions have been described in all the carpal bones, as well
as the proximal end of all three metacarpal bones and the distal radius. They
are frequently incidental findings unassociated with lameness. However, in
young foals osseous cyst-like lesions may represent E-type osteomyelitis
(see page 23) and should lead to further diagnostic tests for ‘joint ill’.
Aggressive broad spectrum antimicrobial therapy may be required. Very
large osseous cyst-like lesions close to a joint margin are probably more
likely to be associated with lameness (see Chapter 1, page 24). Significant
lesions may become clinically silent with conservative treatment, or may
require surgery.

Polydactyly

Polydactyly has been recorded in the horse, arising from the carpus or
distally. The extra appendage tends to cause limb deviation and therefore
requires surgical removal at an early age.

Physitis (epiphysitis)

The radiographic appearance of physitis is described fully in Chapter 1
(page 14). It is relatively common in the distal radius of rapidly growing
yearlings, and in young racehorses as they commence work.
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(b)

Physitis is characterized radiographically by an irregular widening of
the physis. There may be ‘lipping’ medially and laterally (Figure 4.16).
Frequently some limb deviation will also result. Clinically the limb may be
swollen immediately proximal to the carpus, and may be hot and painful to
palpation. Treatment is by restricting feed and exercise, until an adequate
clinical response is seen.

Carpal angular limb deformities

Many limb deviations arise from the carpus, and may be congenital or
acquired. If a deviation is severe, or a moderate deviation fails to respond
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Figure 4.15 Dorsoproximal-dorsodistal
oblique view of a carpus, to show: (a)
sclerosis of the third carpal bone — note
the loss of trabecular pattern in the
medulla and poor corticomedullary
demarcation (this is the same bone
shown in Figure 4.13a); (b) marked
sclerosis of the medulla of the third
carpal bone, with ill-defined lucent areas
in the radial facet — compare with the
trabecular structure of the fourth carpal
bone.
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Figure 4.16 Dorsopalmar view of the
distal radius of a yearling Thoroughbred,
showing physitis. There is widening and
an irregular outline of the physis,
especially medially, with flaring of the
medial aspect of the distal metaphysis
and swelling of the overlying soft tissue.

to conservative treatment, radiographic examination is indicated. For valgus
and varus deviations, dorsopalmar views on long (43 cm) cassettes are most
useful. The extent of the deviation can be measured and monitored, by
drawing the lines that bisect the radius and third metacarpal bones. These
will intersect at or near the point at which the deviation arises, and the angle
at the point of intersection indicates the degree of deviation (Figure 4.17).
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Figure 4.17 Dorsopalmar view of a
carpus of a 3-week-old foal with a carpal
valgus deformity, centred close to the
antebrachiocarpal joint. Deviation is
approximately 12°. The lateral styloid
process of the distal radius is
incompletely ossified, and there is a
discrete fragment distal to it. The distal
radial epiphysis and the third carpal
bone are wedge shaped, being shorter on
their lateral aspects than medially.
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Figure 4.18 Dorsopalmar view of the
carpus of a Quarter Horse foal, born at
323 days of gestation, obtained 6 days
after birth. The carpal bones are
incompletely ossified; note their rounded
contour. Note also the incompletely
ossified separate centre of ossification of
the lateral styloid process of the ulna.

Subsequent films to evaluate change in angle must be identical in position
to the first set.

Radiographic abnormalities may include one or more of the following:
e Irregularity in width of the distal radial physis.

e A wedge-shaped distal radial epiphysis.

e Incomplete ossification of one or more carpal bones (see below).

e Malformation of one or more carpal bones. This probably results from
weight-bearing on incompletely ossified bones.

e Delayed development of the lateral styloid process.

If the limb deformity is related to changes in the distal physis or
epiphysis, surgical treatment carries a reasonable prognosis if carried out
well before closure of the physis. Malformation of the carpal bones warrants
a poor prognosis. Incomplete ossification requires early identification and
treatment for a successful outcome (see below).

Incomplete carpal ossification

This condition is seen in young foals (often premature or twins) with a
carpal angular limb deformity. On radiographs the distal radial physis
usually appears normal, but one or more of the carpal bones will be small
and rounded, lacking the normal cuboidal shape (Figure 4.18).

Successful treatment requires prompt action to straighten the limb and
support it in a cast, until ossification of the affected bones is normal.




Osteochondroma

The caudodistal aspect of the radius is the site where osteochondromas are
most frequently identified radiographically. They are variable in size and
shape, and may have an irregular outline (Figure 4.19). It may be possible
to identify a communication with the marrow cavity of the radius. Although
they may be benign and not associated with clinical signs, they may result
in lameness often with distension of the carpal sheath. These lesions are
usually solitary, but may be associated with lesions elsewhere. They can be
removed surgically, and this treatment carries a good prognosis for return
to work.

Carpal fractures

Chip fractures of the carpal bones

These fractures occur frequently (Figure 4.20). They may be defined as
fractures that involve only one joint surface of the bone. Their visualization
may require several oblique views, although they are often most readily
observed on the flexed lateromedial view. The most common sites for chip
fractures are the distal border of the dorsal aspect of the radius, the radial
carpal bone (slightly to the medial side of the midline) and the opposing
radial facet of the third carpal bone; also, the distal dorsal aspect of the
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Figure 4.19 Lateromedial view of a
distal radius of a mature horse. There is
a solitary osteochondroma on the caudal
aspect of the distal radius, which was
associated with distension of the carpal
sheath and severe lameness. After
surgical removal of the osteochondroma
the clinical signs resolved.
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Figure 4.20 Flexed lateromedial view of
the carpus, showing a chip fracture of
the distal border of the radial carpal
bone. The fracture was poorly
demonstrated on other views. Note the
large first carpal bone. (The radiograph
was taken with reduced exposure to
highlight the fracture.)

intermediate carpal bone. Less commonly fractures occur in the proximal
aspect of the radial and intermediate carpal bones. Lameness due to small
fractures may resolve with rest. Surgical removal should always be consid-
ered in cases in which horses are required to return to athletic performance,
and in cases with larger fragments. A good prognosis can generally be given,
provided that no other lesions are present. A degree of cartilage damage
will have occurred, and subsequently degenerative joint disease may
develop.

Chip fractures can also involve the lateral, medial and palmar aspects
of the carpal bones. These are less common and carry a more guarded
prognosis.

Degenerative joint disease (see page 190) may be pre-existing and
may have predisposed to a fracture. The radiographs should be carefully
scrutinized to evaluate the entire carpus, both for evidence of degen-
erative joint disease and for the presence of more than one fracture.
Since fractures frequently occur bilaterally, both carpi should be examined
radiographically.
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Slab fractures

Slab fractures (involving both proximal and distal articular surfaces) occur
most commonly at the dorsal aspect of the third, fourth or radial carpal
bones (Figure 4.21). These fractures can usually be detected on latero-
medial radiographs, but dorsoproximal-dorsodistal oblique views should
also be obtained to ascertain the extent and degree of comminution of the
fracture. This view will also show fractures that are not easily recognized on
lateromedial views, and may show sclerosis of the third carpal bone (see
page 194). Slab fractures have also been recorded at the palmar aspect of
the third carpal bone.

Dorsal or oblique slab fractures of the radial and third carpal bones are
usually repaired by lag screw fixation, but if the fracture fragment is very
thin it may be removed.

Sagittal fractures of the third carpal bone are generally only detectable
on dorsoproximal-dorsodistal oblique views (Figures 4.22a and 4.22b).
Internal fixation is possible, but a fair prognosis can be given for conserva-
tive treatment provided that there is minimal displacement and no degen-
erative joint disease.

Fractures of the accessory carpal bone

These fractures most frequently occur in a vertical plane approximately
through the middle of the bone. Although usually simple, the fractures may
be comminuted and can occur in any plane. The pull of the flexor tendons
which insert on the palmar aspect of the bone result in the palmar fragment
being pulled proximally and medially. With prolonged rest (6-8 months),
approximately 80% of cases will return to work. Healing is by fibrous union,
and so a lucent line persists (Figure 1.10, page 19). However a number will
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Figure 4.21 Dorsoproximal-dorsodistal
oblique view of a carpus of a 2-year-old
Thoroughbred. There is a frontal (slab)
fracture of the third carpal bone
(arrow), which probably occurred
secondarily to the marked sclerosis of
the radial facet. Compare the trabecular
pattern of the medial aspect of the third
carpal bone with that of the fourth (see
also Figure 4.15).
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Figure 4.22(a) Dorsolateral-
palmaromedial oblique view of a 3-year-
old Thoroughbred with a sagittal
fracture of the third carpal bone. Note
the irregular lucency of the
dorsoproximal aspect of the third carpal
bone (arrow).

Figure 4.22(b) Dorsoproximal-
dorsodistal oblique view of the same
carpus to highlight the distal row of
carpal bones. Note the sagittal fracture
on the medial aspect of the radial facet
of the third carpal bone (arrow).

develop chronic lameness, and so internal fixation at the time of fracture
may be considered.

Chip fractures may occasionally occur close to the articular surface,
often proximodorsally. On a lateromedial view this may be partially super-
imposed over other carpal bones, and a dorsal 80° lateral-palmaromedial
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oblique view may give better visualization (Figure 4.23). Surgical removal
may be required.

Fractures of the second or fourth carpal bones

Fractures of the second or fourth carpal bones are often comminuted.
These fractures are often accompanied by fractures of the proximal aspect
of the second or fourth metacarpal bones. This will result in marked
lateromedial instability of the carpometacarpal joint. Such fractures
require internal fixation, and carry a guarded prognosis (see also
‘Metacarpal fractures’, page 157).
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Figure 4.23 Dorsal 80° lateral-
palmaromedial oblique view of a carpus
of a 3-year-old Thoroughbred with acute
onset of lameness of 2 days’ duration.
There is a comminuted articular fracture
(arrow heads) of the accessory carpal
bone. One small fragment (white arrow)
has been displaced proximally. Note also
the osseous opacity in close apposition
to the fourth carpal bone, this is a fifth
carpal bone.
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Scapulohumeral (shoulder) joint and humerus

RADIOGRAPHIC TECHNIQUE

Equipment

The scapulohumeral joint may be radiographed with the horse standing if
a high-output x-ray machine is available. Better quality radiographs are
generally obtained with the horse under general anaesthesia in lateral
recumbency. With the horse anaesthetized, positioning is easier and longer
exposure times can be used without risk of movement, so a lower output x-
ray machine may be used. The radiation hazard to personnel is also reduced.
Rare earth screens and appropriate film are essential due to the high ex-
posures required to penetrate the large muscle mass in this area. A grid
is recommended to reduce the effects of scattered radiation, and lead
should be placed behind the cassette to limit back scatter. There is less soft
tissue to penetrate cranially; therefore it may be necessary to repeat a view
with different exposure factors in order to assess properly both the cranio-
proximal aspect of the humerus and the more caudally situated scapulo-
humeral joint. Alternatively an aluminium wedge filter can be used to
modify the exposure. For mediolateral radiographs obtained with the horse
standing, the cassette should be mounted in a holder and not hand held.
Both mediolateral and oblique views are required for a complete assess-
ment of the scapulohumeral joint, and in selected cases arthrography yields
valuable additional information.

Positioning
Mediolateral view

STANDING

The forelimb to be examined is positioned next to the cassette and the limb
is protracted as much as the horse will comfortably allow, to avoid
superimposition of the left and right shoulder joints (Figure 5.1). Some
horses resist protraction of the limb and this may result in movement blur
and partial superimposition of the left and right shoulder joints. Sedation
may be helpful, but the horse may relax and lower its neck so that a larger
proportion of the distal scapula is superimposed over the cervical and tho-
racic vertebrae. The use of an analgesic such as butorphanol facilitates the
examination of horses suffering severe pain.
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Figure 5.1 Positioning of the horse and
cassette to obtain a mediolateral
radiographic view of the scapulohumeral
joint.

LATERAL RECUMBENCY

The anaesthetized horse is placed in lateral recumbency, lying on the limb
to be radiographed. This limb is protracted, the contralateral forelimb is
retracted and the neck is extended. It may be helpful to restrain the fore-
limbs using ropes. The position of the endotracheal tube is adjusted so that
its distal end is not superimposed over the scapulohumeral joint. The
examination is performed most easily if the horse is lying on a cassette
tunnel, to avoid having to lift the horse in order to place the cassette beneath
it. With appropriate sedation a foal may be restrained in lateral recumbency
without the need for general anaesthesia.

CENTRING THE X-RAY BEAM

The x-ray beam is centred approximately 1ocm cranial to the distal aspect
of the scapular spine of the limb contralateral to that being radiographed.
This is approximately equivalent to centring at the level of the greater
tubercle of the humerus of the protracted limb. It is helpful to mark the
point at which the beam is centred (e.g. with sticky tape) so that appropri-
ate corrections can be made for subsequent exposures.

If the scapulohumeral joint is positioned distal to the trachea, up to one-
third of the distal scapula can be seen without superimposition of the
cervical and thoracic vertebrae and the ribs. Evaluation of the proximal
two-thirds of the scapula is difficult because of the superimposed bones and
the flatness of the scapula. If either rim of the glenoid cavity of the scapula
or the proximal articular surface of the humerus are superimposed over the
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proximal or distal borders of the trachea, the summation of opacities makes
interpretation difficult and additional radiographs may be required. It is
sometimes helpful to position the scapulohumeral joint over the trachea.
Although this can be achieved in the standing horse, it is most easily done
if the horse is anaesthetized.

The distal two-thirds of the humerus is examined using a similar
technique, but centring further distally. This examination is usually only
indicated when a fracture is suspected and associated pain often makes
adequate protraction of the limb very difficult. High exposure factors may
therefore be required in order to obtain adequate penetration of the large
muscle mass.

Cranial 45° medial-caudolateral oblique view

This view is most easily obtained with the horse standing. The forelimb to
be examined is usually protracted and the cassette is held caudal to the
shoulder muscle mass in order to position it sufficiently far medially. This
inevitably results in some magnification. A grid is unnecessary which allows
lower exposure factors. The x-ray beam is centred at the level of the greater
tubercle of the humerus. Alternatively a caudolateral-craniomedial oblique
view may be obtained, but this usually results in greater magnification.

These views help to clarify some intra-articular lesions, especially those
in the sagittal plane. They also permit identification of some fractures not
visible in a mediolateral projection and help to determine the direction of
a luxation of the humerus.

Arthrography

Arthrography can be performed with the horse standing or in lateral
recumbency under general anaesthesia. In the latter position the technique
is more complicated because, after injecting the contrast medium with the
limb to be examined uppermost, the horse must then be turned over for
radiography. A small volume (7-1toml) of a 60% mixture of sodium and
meglumine amidotrizoate (Urografin 60%, Schering AG) is recommended.
Dilution of the contrast agent with a balanced polyionic electrolyte solution
may help definition of the articular cartilage. The technique can be used to
highlight articular cartilage defects and subtle bone lesions and to identify
dissecting cartilage flaps in cases of osteochondrosis.

RADIOGRAPHIC ANATOMY, NORMAL VARIATIONS
AND INCIDENTAL FINDINGS

Birth to 3 years old

Scapula

The scapula has four centres of ossification: the scapular cartilage, the body
of the scapula, the cranial part of the glenoid cavity of the scapula and the
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Figure 5.2 Mediolateral view and diagram of a shoulder of a 12-day-old foal. The
cranial centre of ossification of the glenoid cavity of the scapula and the lesser
tubercle of the humerus are incompletely ossified. The curvature of the glenoid cavity
of the scapula is more shallow and the ventral angle is more rounded compared with
an adult.

supraglenoid tubercle (Figure 5.2). The latter two may be incompletely
ossified at birth and have a fuzzy, irregular outline. The cranial part of the
glenoid cavity of the scapula fuses with the body by 5 months after birth.
The physis of the supraglenoid tubercle closes by 12—-24 months after birth.

Humerus

The proximal humerus ossifies from three centres: the diaphysis, the
humeral head and the greater tubercle. The lesser tubercle develops from
the same ossification centre as the humeral head. It is usually incompletely
ossified at birth and has a fuzzy outline and a granular opacity. The centres
of ossification of the proximal humeral epiphysis merge by 3—4 months of
age and gradually assume a more adult shape; the proximal humeral physis
closes by 24—-36 months.
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Figure 5.2 Cont'd

A = body of scapula, B = ossification centre for the supraglenoid tubercle and
coracoid process, C = ossification centre for the cranial part of the glenoid of the
scapula, D = ossification centre for the greater tubercle of the humerus, E =
ossification centre for the humeral head and lesser tubercle, F = incompletely ossified
lesser tubercle, G = diaphysis of humerus.

Skeletally mature horse

Mediolateral view

There is little variation in the normal radiographic anatomy of the scapu-
lohumeral joint except as a result of positioning. The medial rim of the
glenoid cavity of the scapula is projected proximal to the lateral rim and
is smoothly curved (Figure 5.3a). Its caudal edge, the ventral angle of
the scapula, is sharply pointed. The lateral rim of the glenoid cavity of
the scapula is seen as a relatively less opaque area immediately distal to the
medial rim and may make the latter appear poorly defined. It may be
superimposed over the humeral head, resulting in a relatively lucent area
in the cranial part of the humeral head which should not be mistaken for
a lucent lesion in the subchondral bone of the humeral head (Figure 5.3b,
page 211). The lateral rim of the glenoid cavity forms the proximal border
of this lucency.

There is a clearly demarcated band of opaque, sclerotic bone, of uniform
width, around the caudal two-thirds of the glenoid cavity of the scapula. In
approximately 5% of horses there is a small lucent zone (up to o.5cm
diameter) in the middle of the glenoid cavity of the scapula within the
opaque band (Figure 5.4, page 212). A faint vertical lucent line is sometimes
seen at the junction of the cranial and middle thirds of the glenoid cavity.
This represents the glenoid notch. Cranial to the glenoid notch the opaque
band is usually narrower.
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Figure 5.3(a) Mediolateral view and diagram of a normal adult scapulohumeral joint
(compare with Figure 5.5).
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Figure 5.3(a) Cont'd

Figure 5.3(b) Coned down mediolateral
view of a normal scapulohumeral joint,
superimposed over the trachea. Note the
congruity of the articulation between the
scapula and the humerus and the sharply
pointed ventral angle of the scapula
(white arrow). The lucent line (black
arrows) traversing the humeral head is
normal, an edge effect created by the
overlying lateral rim of the glenoid
cavity of the scapula.



Figure 5.4 Mediolateral view of a normal adult scapulohumeral joint. There is an
irregularly shaped radiolucent area (arrow) in the subchondral bone of the middle of
the glenoid cavity of the scapula.

The outline of the humeral head is smoothly curved. The greater, lesser
and intermediate tubercles may be slightly separated or superimposed upon
each other depending on the positioning of the humerus (Figures 5.3 and
5.5)-

There is reasonable congruity between the outlines of the glenoid cavity
of the scapula and the humeral head, although in some horses the glenoid
cavity of the scapula is more curved, resulting in apparent widening of the
joint space in the middle of the joint.

Cranial 45° medial-caudolateral oblique view

In this projection the width of the scapulohumeral joint space is more
variable than in the mediolateral view. The cranial eminence of the lesser
tubercle, the intermediate tubercle and the intertubercular groove are high-
lighted and the deltoid tuberosity is outlined (Figure 5.6, page 214). The
‘lip’ of the deltoid tuberosity, which curves caudolaterally, may be projected
in this view and should not be confused with a chip fracture (Figure 5.7,
page 216).
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Figure 5.6 Cranial 45° medial-caudolateral oblique view and diagram of a normal
adult scapulohumeral joint.
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Arthrography

A narrow band of contrast outlines the articular surfaces of the scapula and
humerus (Figure 5.8). Some contrast may also be superimposed over the
distal scapula and the humeral head. This outlines the proximal cul-de-sac
of the scapulohumeral joint capsule and distal aspect of the joint capsule,
respectively. In a small proportion of normal horses, arthrography will
demonstrate communication between the scapulohumeral joint capsule and
the intertubercular bursa.

SIGNIFICANT RADIOLOGICAL ABNORMALITIES

Osteochondrosis

Radiographic abnormalities associated with osteochondrosis are identified
in either the scapula, the humerus or both. The changes predominantly
involve the caudal one-half of the joint and result in loss of congruity
between the subchondral bone adjacent to the articular surfaces of the
scapula and humerus. In some cases there is only subtle variation in contour
of the articular surfaces (Figure 5.9a, page 218). In other cases there are
extensive, irregularly outlined lucent zones in the subchondral bone, which
may be surrounded by some sclerosis (Figure 5.9b, page 219). There is often
flattening of the subchondral bone of the humeral head and/or the glenoid
cavity of the scapula (Figure 5.9c, page 220). The ventral angle of the
scapula, which is usually sharply pointed, may be modelled so that it is more
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Figure 5.7 Craniomedial-caudolateral

oblique view of a normal adult humerus.

The ‘lip’ of the deltoid tuberosity is
projected (arrow) and should not be
confused with a chip fracture.

bulbous. The rim of the glenoid cavity of the scapula may have a blurred
outline. Some of the modelling of the scapula and the humerus is due to sec-
ondary degenerative joint disease. Osteochondrosis may occur unilaterally
or bilaterally, usually in horses less than 3 years of age. It causes a variable
degree of lameness. Lameness may or may not be improved by intra-
articular anaesthesia.

The majority of horses treated conservatively remain lame; surgical
treatment has given encouraging results in immature horses.

Osseous cyst-like lesions

Poorly defined lucent zones of irregular shape in the subchondral bone of
either the scapula or the humerus are a manifestation of osteochondrosis

[216]



Figure 5.8 Mediolateral arthrogram of a normal adult scapulohumeral joint.

(Figure 5.9b, page 219), but distinct, large circular lucent areas (osseous cyst-
like lesions) may be a different clinical condition (or conditions) and are
considered separately here.

A small lucent area within the sclerotic subchondral bone of the middle
of the glenoid cavity of the scapula has been identified in normal horses
(Figure 5.4, page 212) and is of questionable clinical significance. However,
one case has been reported which was rendered sound by intra-articular
anaesthesia and had this as the only detectable radiographic ‘abnormality’.

Osseous cyst-like lesions are not common. They may occur singly or
there may be more than one (Figures 5.10a and 5.10b, page 221). They occur
most frequently either in the middle of the distal scapula or the middle of
the humeral epiphysis, and are usually surrounded by a rim of sclerotic bone.
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Figure 5.9(a) Mediolateral view of the scapulohumeral joint of a 3-year-old
Thoroughbred with osteochondrosis. There is a slight depression in the humeral head
(arrow).

Associated lameness is usually improved by intra-articular anaesthesia.
Lesions in the distal scapula are usually close to the articular surface when
first recognized, but appear to move further away with time and become
surrounded by a broader rim of sclerotic bone, associated with which there
may be improvement in lameness. Osseous cyst-like lesions in the distal
scapula occur most commonly in young horses, but are occasionally seen in
association with sudden onset lameness in mature horses. Secondary
modelling of the ventral angle of the scapula is a variable feature. Not all
osseous cyst-like lesions behave similarly and some in the proximal humerus
fill in” with resolution of lameness. Occasionally modelling of the distal
scapula is seen in association with an osseous cyst-like lesion in the proxi-
mal humerus.

Degenerative joint disease

Degenerative joint disease (DJD) of the scapulohumeral joint occurs
rarely compared with the incidence in other joints, except as a sequel to
osteochondrosis, trauma, infection or an intra-articular fracture. Some of
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Figure 5.9(b) Mediolateral view of the scapulohumeral joint of a yearling
Thoroughbred with osteochondrosis. There are extensive lucent areas in the
subchondral bone of the distal scapula with surrounding sclerosis. There is
considerable modelling of the caudal one-third of the glenoid cavity of the scapula
and its ventral angle, resulting in loss of congruity between the scapula and humerus.
There is an ill-defined lucent area in the subchondral bone of the middle of the
humeral head, but at post mortem the overlying cartilage was intact and firmly
adherent to the subchondral bone.

the modelling of the scapula and humerus described in conjunction with
osteochondrosis is due to secondary DJD. Radiographic features of DJD
include loss of congruity between the outlines of the distal scapula and the
proximal humerus due to flattening of the humeral head and/or modelling of
the ventral angle of the scapula. Subtle abnormalities of the cranial aspects
of the joint may also be seen, including small periarticular osteophytes, espe-
cially on the distal scapula. In addition there may be variations in opacity of
the subchondral bone. Narrowing of the joint space may be seen in advanced
cases. The prognosis for return to athletic function is extremely poor.

Mineralization in the tendon of biceps brachii

Mineralization in the tendon of biceps brachii can occur as a sequel to a
fracture of the supraglenoid tubercle (Figure 5.11, page 222) but has also
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Figure 5.9(c) Mediolateral view of the scapulohumeral joint of a yearling
Thoroughbred with osteochondrosis. There is extensive modelling of the distal scapula
and proximal humerus. The outline of the caudal aspect of the glenoid cavity and of
the ventral angle of the scapula is rather blurred due to new bone formation. There
are ill-defined lucent zones in the caudal aspect of the distal scapula.

been described as a bilateral condition in association with DJD of the
scapulohumeral joints. Mineralization is most easily identified radiograph-
ically in a mediolateral view and is seen as a variably sized opacity in the
soft tissues cranioproximal to the tubercles of the humerus. The lesion is
easily missed if the radiographs are overexposed. Prognosis for future
soundness is guarded.

Abnormalities of the scapulohumeral joint in Shetland ponies and
Miniature Horses

Dysplasia of the scapulohumeral joint, with or without subluxation of the
scapulohumeral joint or secondary degenerative joint disease, has been seen
in both Shetland ponies and Miniature Horses (Figure 5.12, pages 223 and
224). Unilateral degenerative joint disease, thought to be traumatic in origin,
may occur in Shetland ponies and Miniature Horses associated with sudden
onset, moderate to severe lameness. Radiographic abnormalities may not
be present at the time of onset of lameness, and if mild may only be visible
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Figure 5.10(a) Mediolateral view of a
scapulohumeral joint of a 2-year-old
Thoroughbred. There is a well-defined
single osseous cyst-like lesion in the
distal scapula, surrounded by sclerosis.
When first identified several months
previously, the lesion was smaller, closer
to the articular surface and less well
demarcated without surrounding
sclerosis. There is no detectable
modelling of the scapula (compare with
Figure 5.10b). Post-mortem examination
revealed a true subchondral bone cyst.

Figure 5.10(b) Mediolateral view of a
scapulohumeral joint of a 2-year-old
Thoroughbred with two large osseous
cyst-like lesions in the distal scapula.
Note the modelling of the ventral angle
of the scapula. The horse ultimately
raced successfully despite radiographic
persistence of the lesions.



CHAPTER §
The Shoulder, Humerus
and Elbow

Figure 5.11 Mediolateral view of a scapulohumeral joint of an aged horse. There are
discrete mineralized areas (arrows) in the tendon of biceps brachii. Note the modelled
supraglenoid tubercle, subsequent to previous fracture, the articular fracture fragment
and the abnormally pointed distal cranial aspect of the scapula.

in a craniomedial-caudolateral oblique view. This view is also useful for
assessment of congruity of the joint surfaces. Radiographic abnormalities
include modelling of the articular margins of the glenoid cavity of the
scapula, and entheseophyte formation at the insertion of the joint capsule
(Figures 5.12a—d). Mild subluxation of the joint is occasionally seen. Frag-
mentation of the ventral angle of the scapula has also been seen in young
Shetland ponies with acute onset severe lameness (Figure 5.12d). Defective
bone, possibly developmental in origin, may predispose to fracture.

Infection

Septic arthritis of the scapulohumeral joint occurs most commonly in young
foals and may result from osteomyelitis of the distal scapula or proximal
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humerus (type E) or the humeral physis (type P) (see Chapter 1, page 23).
In adult horses septic arthritis is usually iatrogenic. Osteomyelitis of the
distal scapula is characterized by lucent zones in the subchondral bone
(Figure 5.13, page 225), and an irregular outline of the glenoid cavity. There
may be periosteal new bone, especially on the caudodistal aspect of the
scapula. Similar changes may be seen in the proximal humeral epiphysis.
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Figure 5.12(a) Craniomedial-
caudolateral oblique view of a
scapulohumeral joint of a Miniature
Horse. No radiological abnormalities
were detected in a mediolateral
projection. In this oblique view there is
poorly defined periosteal new bone on
the ventral angle of the scapula (black
arrow). The craniolateral aspect of the
scapula is less sharply defined than
normal (open arrow).

Figure 5.12(b) Mediolateral view of a
scapulohumeral joint of a 4-year-old
Shetland Pony. There is fairly extensive
new bone on the caudal aspect of the
ventral angle of the scapula (large
arrow), extending proximally along the
caudodistal margin of the scapula (small
arrow). There is generalized increased
opacity of the distal scapula (arrow
heads), probably due to the extensive
nature of the new bone formation
around the distal scapula.
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Figure 5.12(¢) Mediolateral view of a
scapulohumeral joint of a 4-year-old
Shetland Pony. There is slight modelling
on the articular margin of the
proximocaudal aspect of the humerus
(arrowhead). There is extensive new
bone on the caudoventral aspect of the
scapula, and an abnormal contour of the
ventral angle of the scapula (open
arrow). There is an ill-defined lucent line
(arrow) crossing the ventral angle into
the scapulohumeral joint. A large
discrete fragment was identified at
arthroscopic examination.

Figure 5.12(d) Mediolateral view of a
scapulohumeral joint of a 5-year-old
Shetland Pony. The joint surfaces of the
scapula and humerus are abnormally flat
and there is subluxation of the joint.
There is extensive new bone on the
caudoventral aspect of the scapula, and a
separate mineralized opacity caudally.
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Figure 5.13 Mediolateral view of a scapulohumeral joint of a 7-month-old
Thoroughbred with osteomyelitis of the distal scapula and the proximal humerus and
septic arthritis. Note the ill-defined lucent zones in the distal scapula, the flattened
shape of the humeral head due to its partial collapse and the widened joint space.
There is periosteal new bone around the ventral angle of the scapula.

Osteomyelitis of the proximal humeral physis results in areas of lucency
and an irregular width of the physis. This may be focal or extend along the
entire width of the physis, with or without new bone at the cortices. These
changes must be differentiated from those due to osteochondrosis. Septic
arthritis may result in apparent widening of the joint space due to excess
synovial fluid. The granular opacity and irregular outline of incompletely
ossified bones (see Figure 5.2, page 208) should not be confused with the
results of infection.

Luxation of the scapulohumeral joint

Luxation of the scapulohumeral joint causes firm swelling in the shoulder
region and severe lameness. The humerus may be displaced proximally
and cranially (Figure 5.14) or proximally and caudally and is readily seen
radiographically in a mediolateral projection, the proximal humerus being
superimposed over the distal scapula. An oblique view is invaluable
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Figure 5.14 Mediolateral view of a
scapulohumeral joint of a mature pony
with cranioproximal luxation of the
humerus. Craniomedial-caudolateral
oblique views should also be obtained to
ensure that there is no concurrent
fracture. This luxation was successfully
reduced and the pony ultimately
resumed full athletic function.

for determining whether the luxation is medial or lateral and for
identification of any concurrent fracture. A simple luxation must be reduced
rapidly, with the horse anaesthetized. Full return to athletic function has
been recorded. The presence of a concurrent fracture warrants a guarded
prognosis.

Fractures

Fractures of the shoulder region are usually the result of a fall, a kick or
a collision with a solid object. They cause moderate to severe lameness
with a variable amount of soft tissue swelling, with or without audible or
palpable crepitus.
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Fracture of the supraglenoid tubercle

This is the most common fracture in the shoulder region. The fracture may
be simple or comminuted and there is often an articular component. There
may be a separate fracture through the glenoid notch (this represents the
separate centre of ossification of the cranial part of the glenoid cavity of
the scapula). The supraglenoid tubercle is usually displaced cranially and
distally resulting in a non-union fracture. Lameness may initially improve,
but usually persists unless the fracture is treated surgically. Mineralization
in the tendon of biceps brachii may be a sequel.

Other fractures

Other common sites of fractures are illustrated in Figure 5.15. Fractures
restricted to the glenoid cavity of the scapula may be difficult to identify in
a mediolateral view, but may be seen in an oblique projection. Fractures of
the body or neck of the scapula are not uncommon and may be articular.
Short fractures of the neck and body are easily overlooked due to super-
imposition of the cervical and thoracic vertebrae and the ribs. A fracture of
the scapular spine may be very difficult to identify radiographically except
in tangential views. Such fractures are sometimes associated with a chronic
draining sinus due to sequestrum formation.

Fractures of the deltoid tuberosity, and the greater, lesser and inter-
mediate tubercles of the humerus may only be identifiable in an oblique
projection (Figure 5.16). Fatigue (stress or fissure) fractures of the caudal
aspect of the proximal humeral metaphysis or cranial aspect of the distal
humeral metaphysis occur occasionally. They can be difficult to identify
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Figure 5.15 Location of common
fractures of the scapula and humerus,
and recommended references (see
‘Further reading’).
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Figure 5.16 Craniomedial-caudolateral
oblique view of a proximal humerus of a
3-year-old Thoroughbred. There is a
non-displaced fracture of the deltoid
tuberosity. No abnormality was
detectable in a mediolateral view. The
filly was treated conservatively and
made a complete recovery.

radiographically in the acute phase, although they may be demonstrable
using nuclear scintigraphy. Fractures of the humeral diaphysis are usually
oblique or spiral with considerable overriding, with or without comminu-
tion. The prognosis for a fracture in the shoulder region depends on its loca-
tion and configuration, and readers are advised to consult the references
listed under ‘Further reading’.
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Humeroradial, humeroulnar and
radioulnar (elbow) joints and radius

RADIOGRAPHIC TECHNIQUE

Equipment

The elbow joint and the radius are readily examined radiographically using
a portable machine, with the horse standing. Sedation and administration
of analgesics may facilitate positioning of the limb. Fast screens are re-
commended, but a grid is not essential. An aluminium wedge filter is useful,
without which it may be necessary to obtain two mediolateral views to obtain
correct exposures of the olecranon of the ulna and the humeroradial joint.

Positioning

Mediolateral view

For radiography of the elbow the horse is positioned with the limb to be
radiographed next to the cassette. The x-ray machine is placed on the op-
posite side of the horse. The forelimb to be examined is protracted so that
the olecranon of the ulna is cranial to the muscles of the contralateral limb.
The x-ray beam is centred approximately at the junction between the cranial
two-thirds and caudal one-third of the forearm, at the level of the proximal
articular surface of the radius.

The majority of the radius can be examined radiographically with the
horse bearing weight on the limb. The x-ray beam is centred at the point of
interest and is aligned at right angles to the limb.

Craniocaudal views

Craniocaudal radiographic views of the elbow joint are usually obtained
with the horse bearing weight on the limb, and the cassette held caudal to
the forearm, beneath the thorax. It is helpful to rotate the cassette so that
it can be held as high under the thorax as possible. It may be necessary
to direct the x-ray beam approximately 10-15° from cranioproximally to
caudodistally, depending on the shape of the rib cage, in order to examine
the distal humerus and the humeroradial joint properly. Unfortunately this
technique will cause some distortion of the radiographic image.

Alternatively the limb may be protracted, the cassette held parallel with
the ulna and the x-ray beam directed perpendicular to it. There is more
likely to be movement blur using this technique, and if there is a fracture
of the ulna it may be difficult to straighten the limb adequately. Good quality
craniocaudal views, with minimal distortion, are obtained more readily with
the horse anaesthetized.

The radius is radiographed with the horse weight-bearing on the limb.
The beam is centred at the area of interest.
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Oblique views

A craniomedial-caudolateral oblique view is the easiest oblique view to
obtain with the horse bearing weight on the limb. A craniolateral-
caudomedial oblique view of the proximal radius is feasible, but due to the
relative positions of the sternum and distal humerus, it is impractical to
obtain a similar view of the humerus.

RADIOGRAPHIC ANATOMY, NORMAL VARIATIONS
AND INCIDENTAL FINDINGS

Birth to 3 years old

The distal humerus develops from three ossification centres: the diaphysis,
the distal epiphysis and the epiphysis of the medial epicondyle. Both the
radius and the ulna have a single proximal epiphysis (Figure 5.17); the ulna
may also have a separate centre of ossification for the anconeal process
(Figure 5.18, page 232). At birth the ossification centres are rounded and
may be irregular in outline because they are incompletely ossified. The epi-
physis of the ulna is small and widely separated from the metaphysis. It
gradually enlarges to cover the proximal ulnar metaphysis by 10-12 months.
The physis appears very irregular (Figure 5.18, page 232) and remains open
until 24—36 months after birth. The distal humeral physes and the proximal
radial physis close between 11 and 24 months. The distal radial physis
closes by between 22 and 42 months of age; there is a separate centre of
ossification of the lateral styloid process which fuses with the rest of the
distal epiphysis within the first year of life.

Skeletally mature horse

Mediolateral view

There is little variation in the normal radiographic appearance of the adult
elbow except as a result of positioning (Figure 5.19, page 233). The anconeal
process of the ulna may be sharply pointed or rounded. The trochlear notch
of the ulna is divided into an articular zone proximally and a synovial fossa
distally, separated by a distinct ridge. It is important to differentiate between
these two areas when assessing a fracture involving the trochlear notch. The
interosseous space between the ulna and radius may be clearly or poorly
defined, depending upon the angle of projection. The ulna is incomplete
in the majority of horses and distally fuses with the radius. Some horses
have a vestigial distal ulna (see Figures 4.11a and 4.11b, page 187) and occa-
sionally the ulna is complete. The cranial margin of the proximal articular
surface of the radius has several ‘lips’ which must not be confused with
osteophyte formation. The radial tuberosity is smoothly outlined, but may
appear irregular in a slightly obliqued mediolateral projection. The medial
aspect of the head of the radius is wider craniocaudally than the lateral
aspect. Therefore the radioulnar articulation is not in a single plane, and in
a mediolateral view the articulation of the lateral aspect of the ulna with
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Figure 5.17 Mediolateral view and
diagram of a normal elbow of a 12-day-
old foal. Note the position of the
incompletely ossified proximal epiphysis
of the ulna.



Figure 5.18 Mediolateral view of a normal elbow of an 11-month-old filly. The
proximal ulnar epiphysis has enlarged compared with Figure 5.17 and is fusing with
the metaphysis, but the physis is extremely irregular. There is a radiolucent line (black
arrow) in the caudal aspect of the proximal radial physis which represents part of the
radioulnar articulation. Positioning is not ideal, since the opacity of the pectoral
muscles is superimposed over the proximal aspect of the ulna. The anconeal process
(white arrow) is a separate centre of ossification.

the proximal radius is seen as a lucent line through the caudal aspect of the
radius (Figure 5.18).

There is an irregularly outlined bony prominence, the transverse crest,
on the distocaudal aspect of the radius. Its size depends on the angle of
projection, since slight obliquity will enhance it. The mottled opacity of the
torus carpeus (chestnut) on the caudal aspect of the radius must not be
confused with dystrophic mineralization of soft tissues. Other radiographic
characteristics of the distal radius are discussed in Chapter 4 (pages 173-86).

Craniocaudal views

The humeroradial joint space often appears wider medially than laterally.
There are smoothly outlined eminences on the medial and lateral aspects
of the distal humerus and proximal radius for attachment of the collateral
ligaments (Figure 5.20, page 234).
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Figure 5.19 Mediolateral view and
diagram of a normal adult elbow. The
non-articular portion of the trochlear
notch of the ulna is arrowed.
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Figure 5.20 Caudocranial view and
diagram of a normal adult elbow.

SIGNIFICANT RADIOLOGICAL ABNORMALITIES

Osteochondrosis

Osteochondrosis of the elbow in the horse is rare. It has been documented
at post-mortem examination involving the medial condyle of the humerus
and the medial proximal radius. Lameness associated with a separate bone
fragment detached from the anconeal process of the ulna has been
described in a 2-year-old Standardbred. The lameness was relieved by
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intra-articular anaesthesia of the elbow. The anconeal process is best
assessed in a mediolateral view, and detachment of its apex may be an
osteochondritic lesion. Care must be taken in the assessment of young foals
in which the anconeal process may be a separate centre of ossification.

Osseous cyst-like lesions

Osseous cyst-like lesions occasionally occur close to the elbow joint and are
usually seen in young horses. They occur most commonly in the medial
aspect of the proximal radial epiphysis in association with periosteal
reactions at the site of insertion of the medial collateral ligament of the
humeroradial joint (Figures 5.21a and 5.21b). These cyst-like lesions may
ultimately ‘fill-in’ radiographically, but DJD may be a sequel. The response
to conservative treatment has been variable; surgical treatment might yield
better results. The joint should be inspected carefully for evidence of sec-
ondary degenerative joint disease, before contemplating surgery.

Osseous cyst-like lesions occur less commonly in the distal radius.
Surgical treatment may be successful.

Degenerative joint disease

Degenerative joint disease of the humeroradial, humeroulnar and radio-
ulnar joints is uncommon except as a sequel to an osseous cyst-like lesion,
collateral ligament damage or an articular fracture. In a mediolateral view
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Figure 5.21(a) Mediolateral view of an
elbow of a 2-year-old Thoroughbred.
There is an irregularly outlined
radiolucent area (arrow) in the proximal
radial epiphysis and the physis is
remodelled. (See also Figure 5.21(b).)
The filly was treated conservatively and
raced successfully.

the ‘lips’ of the proximal articular surface of the radius (see page 234) should
not be confused with osteophytes. Craniocaudal views are more helpful for
the diagnosis of degenerative joint disease. Typically, osteophyte formation
is seen on the medial and lateral aspects of the distal humerus and/or the
proximal radius (Figures 5.22a and 5.22b, pages 238 and 239). In advanced
cases there may be narrowing of the humeroradial joint space with sub-
chondral bone sclerosis. The prognosis for return to athletic function is poor.

Periosteal proliferative reactions (enthesopathy) at the site of
insertion of biceps brachii on the radial tuberosity

Entheseous new bone, with or without discrete bony fragments, may
develop at the insertion of biceps brachii on the radial tuberosity, and is best
seen on a mediolateral view (Figure 5.23, page 240). New bone may not be
identifiable until 3-6 weeks after the onset of lameness, so nuclear scinti-
graphy is more sensitive in the acute phase, and may help to interpret the
significance of entheseous new bone in a horse with more chronic lameness.
In the acute phase there may be some pain on manipulation of the joint,
but in more chronic cases there may be no localizing signs. Lameness may
resolve with rest, but often persists.
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Entheseous new bone at the sites of attachment of the collateral
ligaments of the humeroradial joint

Sprain of the lateral collateral (or, less commonly, the medial collateral)
ligament of the humeroradial joint may be followed by the development of
entheseous new bone on the humeral epicondyle and proximal radius, best
seen in a craniocaudal projection (Figure 5.24, page 241). Occasionally a
fragment may be avulsed, especially from the proximal attachment. Diag-
nostic ultrasonography is useful to determine the degree of ligamentous
damage. Chronic instability of the joint makes degenerative joint disease a
likely sequel.

Periosteal reaction at the site of origin of the accessory ligament of
the superficial digital flexor tendon

Periostitis may develop proximal to the transverse ridge, on the distal
caudomedial aspect of the radius, secondary to tearing of the attachment of
the accessory ligament of the superficial digital flexor tendon (the superior
or radial check ligament). Clinical signs include very subtle lameness, some-
times associated with distension of the carpal sheath in acute cases. This
injury may occur concurrently with superficial digital flexor tendonitis
and it is therefore prudent to examine the tendon ultrasonographically.
Radiographic changes are usually only detectable in chronic cases, and rest
(for 2 months) generally results in resolution of clinical signs.
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Figure 5.21(b) Craniocaudal view of the
same elbow as Figure 5.21(a). The
osseous cyst-like lesion (black arrow) is
in the medial part of the epiphysis. There
is periosteal new bone (white arrow) in
the region of insertion of the medial
collateral ligament.



Figure 5.22(a) Mediolateral view of an
elbow joint of an event horse with
radiographic evidence of degenerative
joint disease. There is osteophyte
formation on the cranioproximal aspect
of the radius (compare with Figure 5.19)
and modelling of the anconeal process
of the ulna. Lameness was substantially
improved by intra-articular analgesia.

Luxation of the elbow joint

Luxation of the elbow joint is not common and has only been reported con-
current with a fracture of the radius or ulna.

Infection

Infection occurs most commonly in young foals but, since the lateral aspect
of the radius is poorly protected by soft tissues, a deep wound in this area
may penetrate the elbow joint capsule or cause localized infection. This may
spread to the joint or result in osteomyelitis of the radius or ulna in an adult
horse. If the degree of lameness associated with a wound in the elbow region
is unexpectedly severe, or if there is a discharging sinus, radiographic
examination is indicated. Injection of as much radiopaque contrast medium
as possible, via a Foley catheter, should establish whether a sinus com-
municates with the joint capsule or with sequestered bone. It may also
demonstrate a filling defect representing a foreign body.
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Figure 5.22(b) Caudocranial view of an elbow (same horse as Figure 5.22a). There is
considerable osteophyte formation on the medial aspect of the humeroradial joint and
rather irregular opacity of the subchondral bone on the medial aspect of the joint.

Osteochondroma of the distal radius

Distension of the carpal sheath, lameness and resentment of pressure
applied to the distal caudal aspect of the radius may be associated with an
osteochondroma on the distal diaphysis or the metaphysis of the radius.
Radiographically this appears as a variably shaped bony protuberance on
the distocaudal aspect of the radius (see Figure 4.19, page 199). This mass
has a thin cortex which appears to be continuous with the cortex of the
radius. Sequential radiographs may demonstrate progressive enlargement
of the mass. Treatment by surgical removal of the abnormal bone is usually
successful in resolving both the lameness and carpal sheath swelling.

[239]

CHAPTER §
The Shoulder, Humerus
and Elbow



Figure 5.23 Mediolateral view of an elbow of a 7-year-old advanced event horse, with
lameness of several months’ duration. There is periosteal new bone formation on the
cranioproximal aspect of the radius (arrows), which represents entheseophyte
formation at the insertion of biceps brachii.

Hereditary multiple exostosis

Hereditary multiple exostosis is a rare condition characterized by multiple
bony projections on growing long bones, the ribs, the pelvic bones and the
dorsal spinous processes of the thoracic and lumbar vertebrae. These
swellings are present at birth and may enlarge progressively until skeletal
maturity. They may be asymptomatic unless impinging upon adjacent soft
tissues, but may cause distension of synovial structures. The radiographic
appearance is similar to that of solitary osteochondroma. There is no known
treatment, but it is a hereditary condition, transmitted by an autosomal
dominant gene.

Hypertrophic osteopathy

This condition is discussed in detail in Chapter 1 (page 15). Periosteal new
bone along the diaphysis and the metaphyses of the radius may be due to
hypertrophic osteopathy. The multifocal nature of the disease should help
to differentiate it from other causes of periostitis.
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Fractures (Figure 5.25)

Physeal fractures

Fractures of the distal physis of the humerus occur occasionally and warrant
a poor prognosis. In an immature horse, the open proximal physis of the
ulna should not be confused with a fracture. The apophysis may be displaced
proximally (Salter-Harris type 1 fracture) (see Chapter 1, page 17) and it is
important to compare its position with a horse of similar age. Radiographic
examination of the contralateral limb provides an ideal comparison. These
fractures and both proximal and physeal fractures of the radius have a fair
prognosis.
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Figure 5.24 Craniocaudal view of an
elbow of a 10-year-old riding school
pony with chronic lameness. There is
extensive new bone on the lateral aspect
of the epicondyle of the humerus (arrow
heads). There is periosteal roughening
and new bone on the lateral and medial
aspects of the proximal radius (small
white arrows). This is entheseophyte
formation at the sites of attachment of
the collateral ligaments of the
humeroradial joint. There is also
mineralization in the soft tissues laterally
(large white arrow). There was also
slight osteophyte formation on the
articular margins of the joint, seen only
in a mediolateral view.
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Figure 5.25 Location of common
fractures in the elbow region, and
recommended references (see ‘Further
reading’).

Ernbertson, Bramlage and Gabel (1986)

Gaines and Auer (1983}
Emiertson, Bramlage and Gabel (1988)

Aver and Watkins (1887) T g T T T T
Crawford and Fretz {1985}

Sanders-Shamis, Bramlage and Gabel (1986)
Vaughan and Masaon {1973)

Denry (1978)

Danecker, Bramiage and Gabel (1982)
Easley ef al (1984)

Leving and Meagher (1880}

Meonin (197 8)

Ulnar fractures

Fracture of the olecranon of the ulna is a common sequel to trauma in the
elbow region. Lameness is usually severe and the horse may stand with the
elbow ‘dropped’. There may or may not be associated soft tissue swelling.
Radiographic examination of a suspected facture should include both
mediolateral and craniocaudal views in order to assess its configuration
accurately. A fracture which enters the trochlear notch must be assessed
carefully to determine whether or not it involves the articular or non-
articular region (Figure 5.26). Provided that ulnar fractures are recognized
and treated early, the prognosis depends primarily on whether the fracture
is simple or compound, the extent of comminution and the degree of dis-
placement of the fracture fragments. Internal fixation offers the best chance
for full return to athletic function.

Radial fractures

Radial fractures are a common result of trauma and occur in many
configurations, comminuted, transverse and physeal being the most fre-
quent. Multiple radiographic views may be necessary to assess the full extent
of a fracture. Repair may be successful in immature horses, but the
prognosis in adult horses is extremely guarded, although an incomplete
fissure (stress) fracture may heal with conservative treatment.

Fatigue or stress fractures of the radial diaphysis occur in young (2- and
3-year-old) Thoroughbreds in training. Although they may not be detectable
radiographically in the acute phase, there may be localized increased opacity
of the medulla. Nuclear scintigraphy is a more sensitive diagnostic
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Figure 5.26 Mediolateral view of an adult elbow with a comminuted fracture of the
olecranon. Although one of the fracture lines enters the trochlear notch of the ulna, it
involves the non-articular area.

technique. Medullary sclerosis in the mid-diaphyseal region reflects
endosteal callus.
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The Tarsus

RADIOGRAPHIC TECHNIQUE

Equipment

Radiographic examination of the tarsus (hock) is easily performed using a
portable x-ray machine and high-definition screens. A grid is unnecessary
unless there is considerable periarticular soft tissue swelling. A minimum of
four views, lateromedial, dorsoplantar, dorsolateral-plantaromedial oblique
and dorsomedial-plantarolateral oblique (or plantarolateral-dorsomedial
oblique), is required. In selected cases, flexed lateromedial and dorso-
plantar (flexed) views yield valuable additional information. The first four
views are best obtained with the horse bearing full weight on the limb, with
the metatarsal region positioned vertically. It is preferable for the horse to
bear weight evenly on both hind limbs. If the horse is reluctant to bear full
weight on the limb due to excessive pain, administration of an analgesic such
as butorphanol may be helpful. Sedation with detomidine may facilitate
examination of a difficult horse, which may otherwise refuse to stand still,
or may kick repeatedly.

The hind limbs should be spread apart sufficiently to allow positioning
of the cassette without it touching either limb. The person holding the
cassette can position it more accurately if the horse’s tail is tied in a knot
and the hock is not obscured. A long-handled cassette holder should be
used.

Positioning

Lateromedial view

The talocalcaneal-centroquatral (proximal intertarsal), the centrodistal
(distal intertarsal) and the tarsometatarsal joints are not horizontal, but
slope proximodistally, from laterally to medially. In order to avoid confus-
ing overlap of the joint spaces it is helpful to angle the x-ray beam 10°
proximodistally (i.e. L1o°Pr-MDiO view), centring at the approximate
level of the centrodistal joint. Alternatively a horizontal x-ray beam is
centred at the level of the talus (tibiotarsal bone), thus making use of a
divergent x-ray beam through the lower joints of the hock. For a true lat-
eromedial view the x-ray beam is directed parallel to a line joining the
medial and lateral malleoli of the tibia, or to a line tangential to the heel of
the foot.
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FLEXED LATEROMEDIAL VIEW

A flexed lateromedial view can be useful to evaluate the proximal aspects
of the trochlear ridges of the talus, the coracoid process of the calcaneus
and the plantar distal aspect of the tibia (see Figure 6.3b, page 253). An
assistant stands beside the horse’s abdomen facing the tail, and holds the
distal metatarsus so that the angle between the tibia and the third metatarsal
bone is approximately 50°. Care should be taken to hold the limb close to
the horse’s body, to avoid rotation of the tarsus. The x-ray beam is centred
on the talus.

Dorsoplantar view

Many horses stand slightly ‘toe-out’, which is helpful since it obviates the
need to position the x-ray machine beneath the horse’s abdomen in order
to obtain a dorsoplantar view. A horizontal x-ray beam is used, centred at
the centrodistal joint. In some horses it is impossible for all of the cen-
trodistal joint to be assessed simultaneously, due to the slope of the distal
joints of the hock: two views may be required. If the x-ray beam is
horizontal and centred at the centrodistal joint, the lateral side of the joint
may appear normal but the medial side may appear abnormally narrow. If
the x-ray beam is angled 10° proximodistally, the medial side of the cen-
trodistal joint may then look normal. Abnormalities of the medial and
lateral malleoli may be missed in a dorsoplantar projection. A dorsal 15°
medial-plantarolateral oblique view is useful to assess the lateral malleolus,
and a dorsal 15° lateral-plantaromedial oblique projection is helpful to eval-
uate the medial malleolus.

Oblique views

Due to the complex structure of the equine tarsus, changes in the degree
of obliquity of the x-ray beam can result in considerable alteration in the
radiographs obtained. It is therefore essential to establish a consistent tech-
nique (e.g. D35°L-PLMO). The x-ray beam is centred at the site of princi-
pal interest (often the centrodistal joint). A horizontal beam is employed.
It is often easier and safer to obtain a plantarolateral-dorsomedial oblique,
rather than a dorsomedial-plantarolateral oblique view.

Dorsoplantar (flexed) view

The hind limb is held flexed with the hock as far behind the horse as pos-
sible (Figure 6.1). Many horses in which this view is required resent flexion
of the limb and administration of an analgesic such as butorphanol will
facilitate this examination. The cassette is held parallel to the plantar aspect
of the tuber calcanei and the x-ray beam is directed as nearly perpendicu-
lar to it as possible. It may be easier to obtain a plantarodorsal (flexed) view
depending on the degree of flexion of the hock which can be achieved. These
projections are particularly useful for evaluation of the tuber calcanei and
the sustentaculum tali of the calcaneus.
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Figure 6.1 Positioning of the limb, cassette and x-ray machine to obtain a
dorsoplantar (flexed) view of the calcaneus and sustentaculum tali of the fibular tarsal
bone.

RADIOGRAPHIC ANATOMY: NORMAL VARIATIONS
AND INCIDENTAL FINDINGS

It is important to recognize that some of the variations in radiographic
appearance discussed below are the result of a previous problem which is
now clinically silent. They cannot be regarded as normal, but are unlikely
to be of clinical significance.

Immature horse

At birth the malleoli of the tibia and the trochlear ridges may be in-
completely ossified and have an irregular, rough contour and a granular
opacity (Figures 6.2a and 6.2b). There is a separate ossification centre for
the lateral malleolus of the tibia, which represents the distal epiphysis of the
fibula. This well-circumscribed, oval opacity fuses to the tibia by 3 months
of age, and should not be misinterpreted as a fracture. Adult features such
as the medial proximal and distal tubercles of the talus are undeveloped.
There is a separate ossification centre for the tuber calcanei, which may be
absent at birth but gradually ossifies and fuses to the calcaneus by 1624
months of age. The centres of ossification have rounded corners, especially
those of the central and third tarsal bones. The joint spaces appear wider
than in an adult, because there is proportionally more cartilage present. The
first and second tarsal bones may be unfused. The proximal physis of the
third metatarsal bone is closed at birth.
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Figure 6.2(a) Dorsoplantar view and diagram of a hock of a
1-day-old foal. The small tarsal bones are rounded and the joint
spaces wide compared with an adult. The medial malleolus of the
tibia (white arrow) is incompletely ossified. There is a separate
ossification centre of the lateral malleolus of the tibia (black
arrow).

Skeletally mature horse

In order to understand the complicated radiographic anatomy of the tarsus
it is useful to compare the radiographs with a bone specimen and to
visualize the shapes of the individual, disarticulated bones (see Figures 6.3,
6.6, 6.7 and 6.8).

Lateromedial view

A normal lateromedial view and a flexed lateromedial view are illustrated
in Figures 6.3a and 6.3b, pages 252 and 253. In some horses there is a sepa-
rate bony fragment at the craniodistal aspect of the tibia: its exact location
is established from the oblique views, the most common site being the distal
intermediate ridge of the tibia (see Figure 6.13, page 269). This may be an
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Figure 6.2(b) Lateromedial view and diagram of a hock of a
1-day-old foal. Note the relatively flat contour of the trochlear
ridges of the talus compared with an adult, the widened joint
spaces and the incompletely ossified tuber calcanei.

accessory ossification centre, or a manifestation of osteochondrosis. It is
often clinically silent, particularly if small, although its presence may be
associated with distension of the tarsocrural joint capsule (bog spavin). The
medial and lateral trochlear ridges of the talus are smoothly curved, but may
be slightly flattened in the mid-region, especially in Warmblood and heavy
horse breeds. The lateral ridge has a distinct large notch at its distal end,
whereas the medial ridge has a variably sized protuberance distally. This
protuberance may be small, with or without a lucent line (a nutrient vessel)
extending through it, or may be large and rounded or pointed. Sometimes
there are one or two discrete bony opacities distal to it (Figure 6.4, page
254), which should not be confused with fractures. The two trochlear ridges
are more widely separated in the oblique views.

Depending on the exposure factors used, a variable number of
lucent lines can be identified in the region where the calcaneus and talus
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Figure 6.3(a) Inset.

Figure 6.3(a) Lateromedial view and
diagram of a normal adult hock. On a soft
exposure (inset) the torus tarseus
(chestnut) is readily seen.

are superimposed. These represent the talocalcaneal and tarsocrural artic-
ulations and should not be confused with fractures.

The central and third tarsal bones are fairly regular in height (proxi-
modistally) from their dorsal to plantar aspects. The first and second and
fourth tarsal bones are projected superimposed upon each other; the
smoothly irregular plantar contour of the fourth tarsal bone is highlighted
in this view. The plantar surfaces of the calcaneus and fourth tarsal and
metatarsal bones are sometimes smoothly modelled, reflecting previous
tearing of the attachment of the plantar ligament (‘curb’).

There is sometimes a small osseous ‘spur’ on the dorsoproximal aspect
of the third metatarsal bone (Figures 6.5a-f, pages 255 and 256). This may
be an osteophyte or an entheseophyte at the site of attachment of the dorsal
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Figure 6.4 Variation in the appearance
of the distal end of the medial trochlea
tali (trochlear ridge).
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(a) (b)

tarsometatarsal ligament, peroneus (fibularis) tertius, or the cranial tibial
tendon, reflecting a previous injury. In the absence of other radiographic
abnormalities, an osteophyte or an entheseophyte does not necessarily
signify degenerative joint disease, although they may be associated with it.
An osteophyte of no significance should have a smooth margin and be of
uniform opacity (Figures 6.5a and 6.5b). An irregular margin or variable
opacity (both of which may only be discernible when the radiograph is
viewed over high intensity illumination) suggest bony activity (Figures 6.5¢
and 6.5d).

The mottled opacity of the torus tarseus (chestnut) may be seen on
the plantar aspect of the fourth tarsal bone (Figure 6.3a, page 252) and must
not be confused with pathological mineralization of the soft tissues.

Dorsoplantar view

The medial and lateral malleoli are seen as smoothly rounded protuber-
ances of the distal tibia (Figure 6.6, page 258). Smooth irregularity of outline
may reflect previous damage to the attachment of the collateral ligaments
of the tarsus.

The concave proximal articular surface of the central tarsal bone results
in its plantar aspect being superimposed over the talus. There are many con-
fusing opacities and lucent lines in the region of the central and third
tarsal bones because of superimposition of the first and second and fourth
tarsal bones and the bases (proximal ends) of the second and fourth
metatarsal bones. The bases of the latter two bones are sloping and their
articulations with the fused first and second tarsal bone and the fourth tarsal
bone, respectively, are superimposed over the proximal third of the third
tarsal bone. The resultant lucent lines should not be confused with
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Figure 6.5(a) Lateromedial view of an
adult hock. There is a large, inactive
osteophyte on the dorsoproximal aspect
of the third metatarsal bone. Note the
protuberance on the distal aspect of the
medial trochlea, a normal variation.

Figure 6.5(b) Lateromedial view of an
adult hock. There is a small inactive
entheseophyte on the dorsoproximal
aspect of the third metatarsal bone.



CHAPTER 6
The Tarsus

Figure 6.5(c) Lateromedial view of an
adult hock. There is an active osteophyte
on the dorsoproximal aspect of the third
metatarsal bone. Note its relatively less
opaque apex indicative of activity.

Figure 6.5(d) Lateromedial view of an
adult hock. There is an active
entheseophyte on the dorsoproximal
aspect of the third metatarsal bone.

Figure 6.5(e) Lateromedial view of an
adult hock (same horse as Figure 6.5c¢).
There is dystrophic mineralization in the
cranial tibial tendon.

Figure 6.5(f) Fracture of a large
entheseophyte on the dorsoproximal
aspect of the third metatarsal bone. Note
also the osseous opacity distal to the
medial trochlea tali.

(e) ()

pathological lesions. There are sometimes well-defined oval lucent areas
centred on either or both of the talocalcaneal-centroquatral or the cen-
trodistal joints. These represent non-articular depressions and should not be
confused with osseous cyst-like lesions.

This is the best view for evaluating the width of the intertarsal articula-
tions, provided that these joints are in the centre of the radiograph and
bearing in mind the limitations imposed by the slope of the articular
surfaces mentioned previously (page 247). Complete ankylosis of the
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centrodistal and/or tarsometatarsal joints, in the absence of subchondral
bone lysis, is sometimes seen without associated lameness.

Dorsolateral-plantaromedial oblique view

This view (Figure 6.7, page 260) highlights the medial malleolus of the tibia,
the medial trochlear tali and the dorsomedial aspects of the intertarsal
joints. There is a variably sized and shaped lucent area in the proximal part
of the tarsal groove which represents a synovial fossa. Similar areas in the
corresponding articular surface of the tibia are not seen radiographically.
The distal medial tuberosity of the talus is usually smoothly rounded; it may
be smoothly irregular, reflecting previous tearing of the attachment of the
medial short collateral ligament. The sinus tarsi, a non-articular area
between the talus and calcaneus, is seen as a relatively lucent line or
oval-shaped area between the two bones, and varies with the angle of
projection.

There is a bony prominence on the dorsomedial aspect of the third tarsal
bone at the site of attachment of one of the dorsal tarsal ligaments. The
subchondral bone of the distal talus, the central and third tarsal bones
and the proximal third metatarsal bone is relatively sclerotic. There are non-
articular depressions on the opposing surfaces of the talus, central and third
tarsal bones and third metatarsal bones which result in relatively lucent
areas in the centre of the centrodistal and tarsometatarsal joints.

In a well-positioned dorsolateral-plantaromedial oblique view, the
dorsal opening of the tarsal canal, through which passes the perforating
tarsal artery and a branch of the deep fibular (peroneal) nerve, is seen as a
well-defined lucent area. The canal is not in the sagittal plane but courses
slightly obliquely; therefore, unless the x-ray beam is parallel with the
long axis of the canal, its walls will be seen as bone encroaching into the
canal. This must be differentiated from new bone on the lateral aspect of
the centrodistal joint (see Figure 6.18a, page 275). This new bone can usually
also be seen in a dorsoplantar view. The plantar opening of the tarsal canal
appears as a relatively lucent area superimposed over the fourth tarsal bone.

Plantarolateral-dorsomedial oblique view

This view (Figure 6.8, page 262) highlights the sustentaculum tali, the lateral
trochlear tali, the dorsolateral aspects of the intertarsal joints, and the
plantar aspect of the sustentaculum tali and the central, first and second
tarsal bones. Occasionally the distal end of an incompletely ossified fibula
is seen. A separate bony fragment from the distal intermediate ridge of the
tibia is often best seen in this view.

Dorsoplantar (flexed) view

The proximal parts of the medial trochlear ridge, the sustentaculum tali, the
tarsal groove and the tuber calcanei are highlighted in this view (Figure 6.9,
page 264). Other structures are underexposed and cannot be assessed

properly.
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Figure 6.6 Dorsoplantar view and
diagrams of a normal adult hock. Note
the relative lucent areas in the central
and third tarsal bones in the middle of
the centrodistal joint (arrows), a normal
finding.
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Figure 6.7 Dorsolateral-plantaromedial
oblique view and diagrams of a normal
adult hock. There is a radiolucent area
(black arrow), a synovial fossa, in the
intertrochlear groove of the talus. The
third tarsal bone has a medial
prominence. The dorsal opening of the
tarsal canal is clearly outlined (white
arrow). Note the relative lucent areas in
the central and third tarsal bones in the
middle of the centrodistal joint, a normal
finding.
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Figure 6.8 Plantarolateral-dorsomedial
oblique view and diagrams of a normal
adult hock. The medial trochlear tali
(black arrow) and the lateral trochlear
tali (white arrow) are clearly separated.
The sustentaculum tali is highlighted on
the plantar aspect of the talus. Note the
inverted flask-shaped joint space
between the third and fused first and
second tarsal bones.
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Figure 6.9 Dorsoplantar (flexed) view and diagram of a normal
hock.

SIGNIFICANT RADIOLOGICAL ABNORMALITIES

Congenital abnormalities

Congenital malformation of the sustentaculum tali of the fibular tarsal bone
occurs in Saddlebreds and occasionally in Thoroughbreds (Figure 6.10).
Flattening of the proximal aspect of the sustentaculum tali results in the
deep digital flexor tendon slipping dorsally and medially. Clinically the
plantar aspect of the tarsal region appears broader than usual and there is
tarsal valgus. Radiographic abnormalities are detectable only in the dorso-
plantar (flexed) view, in which the contour of the sustentaculum tali appears
flattened.

Tarsal bone collapse

Tarsal bone collapse may be recognized radiographically in neonatal
foals, in older foals or young adults. In a neonate the tarsal bones appear
relatively immature; they are smaller and more rounded than usual due to
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Figure 6.10 Dorsoplantar (flexed) oblique view of the hock of a 3-week-old
Thoroughbred foal with a malformed hock. There is flattening of the sustentaculum
tali (arrow).

incomplete ossification (Figure 6.11a). They may have a granular opacity
(the bone is comprised of opaque granules). Clinically the neonatal foal
shows excessive flexion of the hocks (sickled and curby hock conformation)
and/or tarsal valgus deformities. The condition is most common in pre-
mature foals or those born one of a twin. Unless the limbs are supported in
cylinder tube casts until ossification has progressed further, normal weight
bearing will result in compression of either or both the central and third
tarsal bones. The compressed bones appear wedge shaped in both latero-
medial and dorsoplantar views, and may show fragmentation with nar-
rowing of the joint spaces. This condition has also been seen in association
with osteomyelitis of the third and central tarsal bones, in which case the
bone may have a mottled opacity due to lucent areas within the bone.
Since tarsal collapse is often bilateral, both hocks should be examined
radiographically.

Tarsal collapse may pass unrecognized until the horse starts work, when
there may be an acute onset of unilateral or bilateral hindlimb lameness or
stiffness. Radiographic exami